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applied 
excellence 


Advanced techniques in routine use at The Radiochemical Centre 


Described below are just two examples of the many up-to-date 
techniques, which have been pioneered orapplied for routine use at 
The Radiochemical Centre. These developments are part of our 
constant endeavour to maintain our position at the forefront of the 
specialised field of tracer methodology, so that we can continue our 
supply of radiochemicals of the highest quality and technical 
specifications. 

Distribution of labelling in tritium compounds 


Modern techniques for the production of tritiated compounds are 
more sophisticated than those used in the early days of tritium 
labelling, and produce compounds labelled in specific positions 
rather than generally labelled. Nevertheless, itis necessary for many 
tracer applications of tritium compounds to know the prease position 
and configuration of the tritium labels. Traditional chemical methods 
of doing this are tedious and time consuming and subject to con- 
siderable error, and so the routine supply of such information has 
until recently not been possible. 

The Radiochemical Centre, in collaboration with the Univer- 
sity of Surrey, has developed over the past eight years the technique 
of tritium nuclear magnetic resonance (tnmr) spectroscopy for this 
purpose. This method is much quicker and more accurate than the 
traditional chemical or biochemical methods for determining dis- 
tribution of tritium labelling. 

It is now used routinely to establish the distribution of tritium 
labelling produced by the usual methods of tritiation employed at 
The Radiochemical Centre. We supply accurate details as to the 
position and configuration of the tritium labels for an increasing 
number of our labelled compounds. 
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The latest of our publications is as follows: 
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High performance liquid chromatography (HPLC) 


This relatively new development of column chromatography 15 
carried out using high efficiency microparticulate column packings 
of closely defined size. 

Chromatography is carried out under pressure to ensure good 
flow rates and reduce diffusion of separated compounds. Dead 
volumes are kept to an absolute minimum. The result is that many 
separations can be carried out more quickly and with better resolu- ' 
tion than with previously used chromatographic methods such as 
thin-layer chromatography or conventional column chromatography 

Work aimed at developing the applications of this method to 
radiolabelled compound separations is still in progress, but The 
Radiochemical Centre is already using the technique in many of its 
production processes, and in analytical applications. The result is 
purer compounds for the customer and greater efficiency of working. 

The example illustrated below illustrates the clear superiority 
of HPLC when used as an analytical tool. The mixture used com- 
prised the tritium labelled mono-, di- and triphosphates of adeno- 
sine, cytidine, guanosine and uridine, and all are clearly separated 
in the HPLC system. 
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Nature has appointed an American Publisher, Robert Ubell. 
For more than a century, Nature has served the international scien- 
tific community across all its disciplines. We have decided further to 
develop that service. 

Nature is published in England, where it was born in 1869, But as 
scientific excellence has spread and multiplied, so has the input to 
Nature and the sales of it. In 1978 over a third of our print run is 
despatched to North America; less than a fifth stays in Britain, 


In February 1970, we opened an office in the United States, Tt is 
time, now, to expand that presence with the appointment of an 
American Publisher. 


In February 1979, Mr Ubell, at present Editor of The Sciences 
(New York Academy of Sciences) and previously Vice-President and 
Editor in Chief of Plenum Publishing Corporation, takes up this 
appointment. Based in the United States, he will be working closely 
with our publishing team in London; indeed he will be part of it. 




















Dr Stuart Sharrock, for the past two years Physical Sciences Editor 
of Nature, takes up a new post as Publishing Manager of the Learned 
Journals Division of Macmillan Journals Ltd on 1 January 1979, He 
will be replaced by Dr Konrad Guettler as Physical Sciences Editor. 
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How Britai ns 
its science 
This highly successful chart, which 
appeared in Nature 28 August 1975 
(but is still much requested and much 
referred to), has now been completely 
revised and updated to inciude all 


major changes in the personnel and 
administration of British science. 
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illustrations of prominent figures, 
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available at 75p (UK), US $1.50 
(Rest of World). 
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UNCSTD’s Year 


1979 is the year of UNCSTD, the United Nations 
Conference on Science and Technology for Develop- 
ment, which will meet in Vienna for two weeks during 
August. In this past year almost every nation with any 
interest in science and technology has compiled a 
national paper representing its point of view, and well 
over 100 documents, many running to 50 pages or more, 
now reside in the UNCSTD secretariat at the UN 
headquarters in New York. During these next few 
months the secretariat will have the unenviable task of 
distilling an immense amount of fact and opinion into 
some sort of agenda for Vienna. In the meantime sub- 
conferences in preparation for the main meeting con- 
tinue: unabated; in January for instance there will be 
meetings in. Tallin in the Soviet Union and in Singapore 
(organised by the International Council of Scientific 
Unions). 

Is the conference going to work out satisfactorily? 
What, even, do we mean by a 'satisfactory' conference? 
Presumably one that breaks up in fist fights or that falls 
apart over issues peripheral to the main themes would 
be deemed unsatisfactory. So too, although this view is 
not universally shared, would be one in which no voices 
were raised, no feeling engendered, no criticism voiced. 
Between these two poles there is much scope and it will 
depend largely on the leadership that the UNCSTD 
secretariat gives whether much of value emerges. The 
outcome of the labours of thousands who have con- 
tributed in one way or another to conference documents 
is, in the strange system in whith we work, ultimately 
dependent on a handful of people at headquarters. In 
the past year such news that has filtered out has sug- 
gested quite strongly that all is not well. If relations 
are not all they ought to be, then this may well be 
excessively occupying the time of those who would be 
better employed in making the conference work. . 

But what of the papers themselves? After all the 
very act of compiling national papers must have put 
Some countries through a salutary exercise of asking 
questions, perhaps for the first time, about the relation- 
ship between science, technology and development. We 
expressed the hope a year ago that this exercise would 
not be conflned to bureaucrats but would encompass as 
many scientists and technologists as possible, whilst 
recognising that the conference is not specifically about 
science and technology as such. It is pleasing to be able 


to note that if the preambles to papers are to be believed 
8 widespread process of consultation, meetings and con- 
ferences has gone on in many developing countries. 
Developed countries, cautious about committing them- 
selves to large new expenditures on major institutional 
change, have on the whole provided papers descriptive 
of what they can do and are prepared to do but which 
shy away from more general discussions of principles— 
some also show signs of having little involved people 
outside certain official circles. The British paper is a 
case in point; it is scrupulously accurate but the Over- 
seas Development Ministry, which compiled it has not 
in any sense used tbe preparation of the document as 
an opportunity to get a national debate going. 

The Vienna meeting could be an excellent oppor- 
tunity for the world to evaluate very carefully just what 
is being and could be done in the fleld of science, 
technology and development. But for this to happen 
some very self-critical voices would need to be raised. 
Unfortunately those who attend are most likely to be 
representatives of government agencies and national 
science funding agencies with a natural concern for 
self-preservation. Even if the papers contain an element 
of self-criticism (and a few do, notably from the devel- 
oping world), when it comes to the meeting itself it 
will take a very brave delegate to acknowledge publicly 
—and take the message back home—that national 
mechanisms- for channelling science and technology 
into development are in need of overhaul. And vet this 
undoubtedly needs saying. In the developed world there 
is inadequate discussion about whether the level of 
scientiflc resources devoted to the developing world is 
appropriate and whether present organisations are 
making the best use of these resources. In the de- 
veloping world national science bodies too often seem 
to get into the hands of scientists who steer the coun- 
try's effort away from the immense complexities of 
development and towards the slightly less complex 
business of imitating Western science. 

If the UNCSTD secretariat could make delegates ask 
fundamental questions about their own national efforts, 
that would be a real achievement. And if the organisers 
of the peripheral meetings in Vienna could reach out 
beyond official viewpoints and tap some of the more 
speculative feeling abroad, then the whole exercise 
could still be very worthwhile. o 
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Kenya leads the way in environmental planning 


THE government of Kenya has started 
a systematic across-the-board environ- 
mental assessment of its entire develop- 
ment programme—the first national 
exercise of its kind in the Third 
World. Officials at the United Nations 
Environment Programme (UNEP) and 
the United Nations Development Pro- 
gramme (UNDP), both of which are 
assisting Kenya in executing the pro- 
ject, are enthusiastic about this 
project. 

Its success should help UNDP to 
promote similar environmental assess- 
ment projects in other developing 
countries, where many policy makers 
continue to harbour the same mistrust 
towards the environmental debate that 
they displayed at the Stockholm con- 
ference in 1972. While many argue 
that environmental considerations are 
a luxury for Third World development 
planners, there are others who see in 
environmentalism a philosophy de- 
signed to retard the economic develop- 
ment of the Third World, particularly 
its industrial development. 

The Kenyans are quite aware that 
there can be strong conflicts between 
environment and development. They 
are therefore looking for only limited 
but quite realistic results from their 
exercise. At the least, it should help 
to reduce those innumerable environ- 
mental problems that are often created 
because of simple oversights at the 
planning stage. 

Kenya's Tana River development 
scheme, for instance, will create one 
of the biggest man-made lakes in 
Africa. The spread of irrigation carries 
the threat of schistosomiasis. Between 
disease and agricultural prosperity 
Kenya, like any other Third World 
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country, would obviously choose the 
latter. However, an advance environ- 
mental assessment exercise would help 
to promote possible control measures 
right from the beginning. It would also 
remind project authorities that the 
labour force building the dam has to 
be provided with energy. Otherwise, 
merely because of this oversight, 
forests could get depleted, and the 
resulting soil erosion could lead to 
rapid silting of the new reservoir. 

Environmentally bad siting of pro- 
jects, like a chemical plant near a bird 
sanctuary, can Бе prevented quite 
easily with the help of such exercises. 
“To delay the starting of a paper mill 
after it has been built, neither helps 
the country nor the firm setting it up", 
explains George Muhoho, until recently 
head of Kenya’s National Environment 
Secretariat (NES), the Kenyan agency 
co-ordinating the environment-develop- 
ment project. 

In the past, the NES has conducted 
several studies on various individual 
projects and influenced government 
decisions. But the current exercise now 
provides it with a rare opportunity to 
develop a comprehensive and long-term 
approach to environmental planning in 
the country. 

The final recommendations of the 
project may well strongly favour a 
high rate of industrial growth. The 
most pressing environmental issues in 
Kenya are those related to land-use. 
South of the Sahara, Kenya has the 
highest population growth rate. Kenya’s 
population is expected to double within 
20 years. At the moment, nearly 90% 
of Kenya’s population lives in the rural 
areas earning its livelihood predomin- 
antly from agriculture. Unless a rapid 
transformation takes place in the 
occupational structure of the country 
and more people find jobs in industry. 
the pressure on the land could become 
too intense. 


As increasingly marginal land is 


brought under cultivation, deforesta- 
tion and desertification will increase. 
Encroachment on game parks could 
seriously affect wildlife conservation. 
By contrast, Kenya could simply forget 
about air pollution control until it has 
reached a far higher level of industrial 
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development. A comprehensive en- 
vironmental planning exercise could 
thus identify urgent development priori- 
ties and critical environmental issues 
as well. 

An important aspect of the project 
is that it relies largely on local Kenyan 
expertise. The temptation to invite a 
UN mission consisting of Western 
experts to prepare a report on environ- 
mental problems was studiously 
avoided. Such an approach would have 
robbed the Kenyans of a chance to 
assess by themselves the environmental 
effects of what they were doing, and 
thus develop their own perspective on 
environment and development related 
issues. Moreover, even in the West, 
few people can really stake a claim to 
be an expert on environment-develop- 
ment planning. 

To ensure the involvement of all 
available local expertise, and popular 
participation, the project is being exe- 
cuted in three phases. In the first 
phase, which was completed in August, 
1978, five papers were prepared that 
surveyed major environmental prob- 
lems in Kenya. These papers were then 
thrown open for discussions at a week- 
long meeting in July, 1978, attended by 
11 senior Kenyan officials, including the 
Minister of Finance and Planning, and 
several permanent secretaries in the 
government. This meeting identified 
existing gaps in knowledge and possible 
policy alternatives. Finally, a steering 
committee for the rest of the project 
was formed consisting of the officials 
present at the meeting to enlist the 
active co-operation of all the ministries. 

In the second phase, much more 
specialised studies on specific scientific, 
technical, legal and sociological issues 
are being conducted to find answers to 
the questions raised at the earlier 
meeting. To do these studies, local 
expertise will be drawn from wherever 
available—from official institutions to 
non-government organisations and 
universities. Foreign experts will be 
recruited only for highly technical sub- 
jects where no local expertise exists. 
Finally, in the third phase, to be com- 
pleted by August, 1979, the final recom- 
mendations will be put together. 

Anil Agrawal 
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Bacteriologists lobby GMAG's 
first public meeting 


A LoBBY for the exemption of experi- 
ments in which recombinant DNA 
techniques are used simply to rearrange 
the genes within Е. coli and other 
bacteria made a strong protest against 
continuing control at GMAG’s first 
public meeting last week. 

GMAG, Britain's Genetic Manipula- 
tion Advisory Group, was fulfilling its 
promise to hold open meetings on its 
proposed new system for the risk assess- 
ment of recombinant DNA experi- 
ments (Nature 276, 104; 1978). 

The new chairman of GMAG, Sir 


William Henderson (above right), 
opened the meeting optimistically, 
saying that those who feel that 


GMAG's hand is too heavy “о not 
sufficiently allow for the depth of 
public interest, and how the composi- 
tion of GMAG takes this into account”. 
But all on GMAG, said Sir William 
"wish to improve the procedures and 
consult”. 

Those at the meeting, held on the 
last working day before Christmas (22 
December), were mostly scientists. The 
consultation amounted largely to two 
protests from the floor: that the new 
scheme was difficult to operate in 
practice because of lack of sufficient 
knowledge; and that the re-arrange- 
ment of genes within a bacterium such 
as F. coli using recombinant DNA tech- 
niques (but not otherwise) must still 
legally be notified to the Health and 
safety Executive and then to GMAG, 
and must be carried out under Category 
1 conditions. 

These conditions, although the least 


UK health ann safety: 


PREVENTION rather than cure, and 
hence research, is a major theme in the 
recently published annual reports of 
the UK's Health and Safety Com- 
mission (HSC) and Health and Safety 
Executive (HSE). The HSC’s plans for 
the next five years, its report says, 
include epidemiological studies on 
populations at risk from hazardous 
substances; a major review of the risks 
to health from exposure to asbestos: 
the development of a policy for protect- 
ing people from the hazards of genetic 
engineering and working with 
dangerous pathogens; and research on 
the design safety of equipment in 
nuclear power reactors, 

In the introduction to the HSE 
report John Locke, the HSE’s Director 
General says that “research, the syste- 
matic collection and analysis of a wide 
range of data and the dissemination of 
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stringent of GMAG’s four categories of 
physical containment, are still more 
rigorous than normal laboratory prac- 
tice and can mean that the laboratory 
has to be modified. This type of experi- 
ment has now been exempted from 
control under the proposed new NIH 
guidelines in the US, but hopes that 
the new proposals in the UK would 
automatically exempt these experi- 
ments have been disappointed. 

Question after question from the 
floor drew an acknowledgment from 
Professor Mark Richmond of GMAG 
that the group would have to make a 
decision on this problem soon. John 
Maddox, one of GMAG’s public 
interest representatives, defended 
the categorisation and notification of 
such experiments on political grounds. 
While accepting that the procedure for 
notification would be made simpler 
and easier, he took the view that pub- 
lic concern would be lessened if GMAG 
were seen to be controlling all experi- 
ments using recombinant DNA tech- 
niques, even though there might be 
scientific grounds for exemptions in 
certain cases, 

From the floor Professor R. Prit- 
chard warned that this type of apparent 
illogicality undermined the credibility 
of the whole notification procedure in 
the eyes of researchers and their local 
safety committees. 

Nevertheless, the feeling of the 
meeting was that the new risk assess- 
ment scheme was more rational than 
previous guidelines, But its precise 
application worried people. 


£1,800 million bill 


information to all who need it" is the 
hallmark of the executive's efforts to 
reduce occupational hazards. He points 
out that the 16 million days lost in 
1976 through accidents are estimated 
to have cost the country some £1,800 
million. The "great majority of acci- 
dents could be prevented if simple 
precautions are taken" he says. 

Over the past few years, the HSC's 
report says, there has been a reduction 
in the number of deaths from industrial 
accidents. Nevertheless, Мг — Bill 
Simpson, Chairman of the commission, 
believes that “there is no room for 
complacency". Although the number 
of deaths has gone down, the number 
of notifiable accidents was 329,000 in 
1977, 2,000 up on the previous year. 

The commission's report also de- 
scribes the preparation of draft regula- 
tions on the notification, and in some 





Sir William Henderson : optimistic 

The most immediate problem is posed 
by the ‘gaps’ in biological knowledge 
which become apparent when a con- 
sistent attempt is made to calculate the 
risk of an experiment. For example, 
the causes of pathogenicity are not 
well understood, so one cannot estimate 
all the possible biclogical effects of a 
modified bacterium on the human body. 

In cases like this Dr Sydney Brenner 
—who invented the scheme and was 
present at the meeting—falls back on 
averages. Of all kmown bacteria, what 
fraction are pathogenic? This fraction 
could be applied as the probability that 
any new bacterium were pathogenic. 

Dr Peter Rigby of Imperial College, 
who according to Dr Brenner “has 
worked out a magnificent set of 
examples", raised the final issue: that 
all the calculatior is in vain if the 
precise containment effectiveness of 
the four containment categories is un- 
known. Some clam the containment 
factor between categories I and IV to 
be 10": some 10°. “It must be 
measured" said Dr Rigby, extracting 
a cautious commitment that GMAG 
act. Eleanor Lawrence 


cases survey, of installations constitut- 
ing a major hazard. It comments on the 
regulations laid before Parliament for 
the packaging ard labelling of about 
800 dangerous chemicals in common 
use and discusses its efforts to change 
the law which exempts government 
controlled institutions from prosecu- 
tion under health and safety legislation. 
The problem of the universities and 
health and safety is still under review 
by the executive according to John 
Locke. The HSE is still getting fo 
know people in fhe universities (heads 
of departments, trade unionists etc.) 
and identifying those sections which 
may present special hazards to workers 
or the public. Locke feels that students 
are the main problem because generally 
they are not suTiciently well trained 

to work in hazardous environments. 
Alastair Hay 
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Protests over 
Einstein statue 


A PROPOSAL by the US National Acad- 
emy of Sciences to erect a 21-foot 
statue of Albert Einstein in its Wash- 
ington grounds has run into a storm 
of protest from members of both the 
academy itself and of the local Wash- 
ington community. 

Several physicists have complained 
that at a time when basic science is 
being squeezed for funds, it is inap- 
propriate for the academy to be seen 
spending $1.5 million on the statue, and 
that Einstein himself would have pre- 
ferred the money to have been spent 
on some scientific endeavour. 

Others have pointed out that Ein- 
stein repeatedly asked that he should 
not be treated as a cultural hero. And 
comments on the design of the statue 
in the local press have ranged from “а 
blunder of mediocrity” to “the latest 
disgrace to our city”. 

The decision to erect the statue as 
part of this year’s centennial celebra- 
tions of Einstein's birth was announced 
two months ago by Dr Philip Handler, 
president of the academy. According to 
Dr Handler, the large size of the 
bronze statue—which together with its 
marble base will weigh 139 tons— 
represents that fact that Einstein was 
"a giant among men". 

The sculpture is the work of artist 
Robert Berks, who sculpted a head of 
the physicist in 1953, He had previously 
proposed unsuccessfully a full-length 
statue to the Weizmann Institute in 
Israel, to Princeton University, and to 
the Smithsonian Institution in Wash- 
ington, 

The academy has written to all its 
members, as well as other members of 


AAAS to assist China 


AN agreement opening the way to joint 
activities on the  popularisation of 
science and on science education has 
been reached between the American 
Association for the Advancement of 
Science and the Scientific and Technical 
Association (STA) of the People’s 
Republic of China. 

The agreement, which is expected to 
lead to increasing co-operation at the 
nongovernmental level between the two 
organisations, was worked out during 
a visit to China last month by a 12- 
person delegation from the AAAS. 

In particular, the agreement pro- 
vides for a return visit by the Chinese 
to the US next spring, and for the 
AAAS to identify US specialists willing 
to visit China to lecture on topics 
specified by the STA. 

Announcing these moves in Washing- 
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Sculptor Robert Berks with models of the controversial statue 


the scientific and technical community, 
requesting financial support for the 
project. But while some have been 
pleased to contribute—over 2,000 con- 
tributions have so far been received— 
others are less happy. 

“There are a number of people here 
who almost hit the ceiling when they 
were asked to contribute to the statue 
So far I have not heard a favourable 
word from anyone on the scheme," a 
physicist at one West coast university 
said last week. 

Another complained that the deci- 
sion to erect the statue had “simply 
arrived out of the blue", and that al- 
though the proposal had initially been 
put to and accepted by an annual meet- 
ing of the academy, there should have 
been wider discussion among mem- 
bers. 

In Washington, opposition to the 
statue has been expressed mainly in 
the pages of the Washington Post. Fol- 


lowing a critical article by one of the 
newspaper's contributors, a number of 
readers wrote in voicing objections. 

Commenting on the large scale of the 
statue, for example, one correspondent 
wrote that "If anything concise may 
be said about Einstein's life, it is that 
he was a philosopher of mathematical 
precision and theoretical proportion". 
The Post itself joined in the fray with 
an editorial complaining that the statue 
"doesn't honour its subject", and sug- 
gesting that the academy should “‘start 
again". 

A spokesman for the NAS said last 
week that the academy had not yet 
decided whether to reply to the criti- 
cism made in the Posr, and pointed out 
that a large number of favourable 
comments about the statue—including 
its initial approval by Washington's 
Commission of Fine Arts—had been 
received. 

David Dickson 


with the popularisation of science 


ton on the AAAS delegation's return, 
Mr Emilio Q. Daddario, chairman of 
the association's board of directors, 
said that various Chinese ministers had 
given their approval to such an agree- 
ment, and that President Carter’s 
announcement of the normalisation of 
diplomatic relations between the two 
countries "cannot but help to make our 
agreement more meaningful.” 

Mr Daddario also said that the 
Chinese were contemplating sending a 
special misssion to the US to look at 
various ways in which science is 
“popularised”. Such a visit might in- 
clude talks with science journalists, 
and visits to science museums and tech- 
nical information centres. 

“During the Cultural Revolution 
there was a sense in China that science 
produces an intellectual elite. Now they 


want to make it clear to the masses 
that science has benefits for people, 
and that it is important that they 
should understand it”, said Mr William 
Carey, executive officer of the AAAS. 

“The Chinese want to get people in 
the streets, in the farms and in the 
factories to support the thrust towards 
modernisation in the fields of science 
and technology. And they have a very 
great appetite for US experts to go 
and give lectures, a method they are 
seizing upon to get a quick turn-around 
on their scientific efforts.” 

Mr Carey said that the Chinese had 
expressed interest in working with the 
AAAS on various aspects of science 
education, in particular the develop- 
ment of curricula for university and 
higher education. 

David Dickson 
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University of California faces drastic cuts 


Proposed budget reductions may force closure of whole campuses 
and medical schools, writes John H. Douglas from San Francisco 


RESPONDING to strong popular senti- 
ment against high levels of govern- 
ment spending, California governor 
Edmund G. Brown, Jr., has demanded 
that all state agencies submit a list 
of programmes that can be cut im- 
mediately in order to bring about a 
10% reduction in next year’s budget. 

Such cuts could drastically affect the 
prestige and research capability of the 
9-campus University of California, 
which accepts students from the top 


12.5% of the state's high school 
graduates. More students, however, 


would be affected by reductions in the 
19-campus State University and Colleges 
system, which accepts students from 
the top one-third of high school classes, 
and in the 106 state-supported Com- 
munity Colleges, which presently are 
open to any resident 18 years of age 
or older. 

In a strongly worded reply to the 
governor’s demands, University of 
California president David S. Saxon 
said flatly that spending reductions of 
this magnitude simply could not be 
accomplished by next year if the 
university were to honour its commit- 
ments to present students and to con- 
tracts with external agencies. Even to 
reduce the budget over the next three 
to five years, he said, would require 
closing a combination of campuses, 
medical schools and associated research 
institutes. 

However, one of the factors cited 
by Governor Brown in defence of his 
proposed cuts is that during his past 
four year term the budget for the 
State University and Colleges has risen 
by 44.4% over the cost of living, al- 
though enrolment has dropped 2.6%. 
Such declines can be expected to 
continue, since a 25% reduction in the 
college-age population is expected over 
the next decade. 

Saxon nevertheless warned the 
governor that to cut 1095 (or about 
$77 million) in state support would 
translate into a much larger reduction 
in the overall university budget, since 
many programmes receive an equal 
amount of funding from other sources. 
Especially hard hit would be the science 
programmes that receive large research 
grants from the Federal government. 
"The number of jobs lost would be 
more than doubled", Saxon said. 

To make matters even worse, the 
proposed reductions would come just 
at a time when the university has 
already suffered a $31 million cut in 
its proposed budget, following passage 
of Proposition 13 in this year's elections 
(which substantially reduced property 
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taxes). And” university employees did 
not receive any salary increases this 
year, putting them at the mercy of 
8%, inflation and setting the university 
a year behind many other institutions. 
Unless salary increases come soon, 
says Saxon, “our base would be so low 
that we would be unable to offer com- 
petitive salaries to any employees, and 
especially faculty, for the foreseeable 
future". 

If major units of the University of 
California must be closed, speculation 
has centred on the vulnerability of 
the two smallest non-specialised cam- 
puses, at Riverside and Santa Cruz. 
The campuses suffered enrolment 
decreases this year of 5% and 3.5% 
respectively, compared to an increase 
in overall university enrolment of 
1.5%. Riverside was upgraded from an 
agricultural institute and has never 
enjoyed the prestige of older campuses. 
Santa Cruz is remotely located and 
uses a controversial student evaluation 





Governor Brown : cuts all round 


system, Closing either unit would 
require special legislation, however. 
Other solutions under discussion 
would also require new legislation 
and, perhaps more important, the co- 
operation of the governor. Rather than 
cutting expenses, as directed, the uni- 
versity could be made more indepen- 
dent of state treasury funds by increas- 
ing student fees. California now 
supports the only system of higher 
education in the United States that is 
theoretically tuition free, although 
students pay about $700 a year in 
“fees”. Increasing such fees by $100 a 
quarter (or imposing tuition of that 
amount) could raise nearly $35 million 
for the university. Proponents of this 
idea point out that more long-term 


loans are now awailable to middle class 
families than when the tuition-free 
system was originally set up. Raising 
admissions standards might also help 
relieve pressure on the university. 

Population decreases and rising fees 
are likely to hi: hardest at the Com- 
munity Colleges, where competition 
for entrance is not so keen. Enrolment 
in normal credit courses declined 4% 
this year, although it was originally 
expected to rise 3%. And when new 
fees were added last fall to non-credit 
courses (which attract older students 
not working toward a degree), en- 
rolment in such courses plunged 40%. 

All of these problems are likely to 
come to a head next spring when the 
California legislature considers the 
state budget. The eventual outcome is 
likely to hinge en details of a political 
process that may seem quaint even 
by California's arcane standards. 
Although the universities and colleges 
have powerful friends in the legislature, 
the governor has authority to veto 
specific budget items and could thus 
eliminate indivdual programmes he 
dislikes, And, for the first time in this 
century, California's governor and 
lieutenant governor belong to different 
parties, The nev Republican lieutenant 
governor, Mike Curb, has strongly 
hinted he will oppose Democrat Brown 
on the university issue. What this would 
mean remains unclear. 

Finally, several legal questions re- 
main unresolved. By custom, faculty 
tenure at the University of California 
has been considered to apply only on 
one campus, If campuses were elimin- 
ated, the future of tenured faculty 
would be cast into doubt, as would the 
university’s reputation as a desirable 
institution with which to affiliate. Long- 
term research contracts between 
university institutes and Federal fund- 
ing agencies would also be threatened. 

In assessing the possible impact of 
the proposed budget cuts, some of the 
most vigorous and articulate support 
for the University of California has 
come from the president of a competing 
private instituticn: Richard W. Lyman 
of Stanford University. Calling the 
University of California system “‘the 
greatest publically supported university 
in the country’, Lyman said: 
“Californians have gone to considerable 
lengths to try to protect this uniquely 
fine university from being converted 
into a mere arm of government. It 
would be a sad irony indeed if, in the 
effort to trim government down to 
detensible size, the university were to 
be damaged in vays that would require 
many years of painstaking work to 
correct, if indeed they could be rem- 
edied at all". r1 
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NASA abandons attempts to rescue Skylab: The US 
National Aeronautics and Space Administration announced 
last week that it was abandoning its efforts to prevent 
Skylab, the 85-ton space station last used by astronauts in 
1974, from falling to earth sometime next autumn. 

As a result, the vehicle is expected to break up on 
entering the earth's atmosphere, scattering between 400 
and 500 pieces of metal over a path 4,000 miles long. Some 
of these will probably strike the earth's surface, but accord- 
ing to the agency "the probability of injury or damage is 
less than that from meteorites.” ў 

Initially planned to remain in orbit until 1983, when it 
could be reached from a standard space shuttle flight, 
concern about Skylab’s fate arose earlier this year when it 
was realised that the vehicle was slowing down as a result 
of the extra drag caused by sun-spot activity, and thus 
beginning to fall back to earth earlier than anticipated. 

NASA had hoped that it could maintain Skylab in orbit 
until a small booster rocket could be sent up on an early 
space shuttle mission to take it into a higher orbit. How- 
ever, problems with Skylab’s control equipment, as well as 
development problems with the space shuttle programme, 
led to NASA’s decision—supported by President Carter— 
to call off the rescue attempt. 


Carter expected to boost defence research and cut back 
biomedical research: А major increase in financial 
support for military research and development, and a 
reduction in funding for biomedical research, are expected 
to be included in the budget request for the financial year 
1980 which President Carter will present to Congress on 
22 January. 

The research and development budget is therefore 
expected to reflect the main thrusts of the overall budget, 
with reductions in social welfare programmes in an attempt 
to keep the budget deficit below $30 billion, but an increase 
in defence spending. 

It is thought that total funding for military R & D will 
increase from $12.6 billion in the current financial year to 
over $13.5 billion. Within this figure, about $3 billion will 
be allocated to basic research, an increase of 15%, over this 
year, and 7% above the inflation rate. 

One administration official is quoted in Business Week as 
saying that “опе of the very few certainties about the new 
budget right now is that basic research and exploratory 
development money will be downright abundant.” 

As far as biomedical research is concerned, the Office of 
Management and Budget is reported to have recommended 
that the budget of the National Institutes of Health be 
reduced from its current level of $3.25 billion to $3.03 
billion. NIH had asked for $3.22 billion. 


Memorial to Birmingham smallpox professor: Birmingham 
University is to set up a memorial fund to the late Pro- 
fessor Henry Bedson, who committed suicide earlier this 
year after Janet Parker, a medical photographer, died of 
smallpox virus which probably came from Bedson’s labor- 
atory. Professor Owen Lyndon Wade, Dean of the Faculty 
of Medicine and Dentistry at Birmingham, proposed the 
fund, and he hopes that it will provide money for junior 
staff at the university to travel abroad and undertake 
research, especially in virology. 

In a statement, Professor Wade says that the scholar- 
ships would reflect Henry Bedson’s care for the under- 
privileged in the third world. “Henry Bedson was a deeply 
conscientious man, constantly aware of the humane aspects 
of his work. His service to the World Health Organisation 
in the smallpox eradication campaign was outstanding, 
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both in the laboratory and in remote areas of Pakistan and 
Afghanistan,” he said. All who wish to give support to the 
fund are asked to send their contributions to the Dean’s 
office at Birmingham University Medical School. 


‘Refusnik’ refused: Viktor Brailov- 
skii (right), who in 1977 succeeded 
Mark Azbel' as organiser of the 
Sunday seminar for Jewish refusnik 
scientists, has now been told by the 
tax authorities that he can no longer 
give private lessons in mathematics 
—his sole source of income since he 
was dismissed from a senior post as 
a computer scientist in 1972. The 
tax department said that Brailovskii 
could not give such lessons without 
a teacher's licence. No licence was 
issued, and Brailovskii could there- 
fore at any time face a prison sen- 
tence for "parasitism"—i.e., being 
without visible approved means of 
support. 

Meanwhile, his mathematician 
wife Irina (right), has received com- 
plete security clearance from the 
Rector of Moscow University, 
Anatolii Luganov, However, al- 
though the chief emigration office 
of the USSR has accepted the fact 
of her clearance, she was informed 
that this made no difference and she 
would still not be permitted to 
emigrate. 





West Germany to build fast breeder reactor: Chancellor 
Helmut Schmidt's plan to build a fast breeder nuclear 
reactor at Kalkar, near the Dutch border, has been 
approved by the Bundestag, West Germany's lower House 
of Parliament. The plan was approved in a close vote of 
230 to 225, but only after six members of the Free 
Democratic Party, which is in a coalition with the Social 
Democrats, finally agreed to abstain, after threatening to 
vote against the project. 

The vote was crucial to Chancellor Schmidt because he 
believes that nuclear power is vital to West Germany's 
economic future. However, he faces strong opposition 
among the members of his Social Democratic Party, 
especially since last year when the Party chose coal as the 
chief source of energy in the future and called for a six- 
year moratorium on building nuclear plants. 


Upjohn scientists induce bacteria to produce chick albumin : 
Scientists at the Upjohn Co., the US-based pharmaceutical 
manufacturer, claim to have used recombinant DNA 
techniques to induce bacteria to produce chicken albumin, 
a protein considerably larger and more complex than pre- 
vious molecules produced in the same way. 

Reporting their results in the Proceedings of the National 
Academy of Sciences, the scientists say that by transplanting 
a.particular gene into bacteria, about 1.5 per cent of the 
bacteria’s protein production becomes chicken albumin, and 
they expect that this level can be increased to 10 per cent. 

According to the company, the experiment lays the 
groundwork for producing medically-useful quantities of 
enzymes and hormones, such as the use of bacteria to make 
the human blood-clotting factor missing from the blood 


of haemophiliacs. 
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A refuge for scientists’ writings 


Professor Margaret Gowing, Honorary Director of the | 
Contemporary Scientific Archives Centre, Oxford, explains how 
the centre was set up and outlines its work 


History is essential to society and 
science and technology are crucial 
ingredients of history. History depends 
on records and therefore scientific and 
technological records should be system- 
atically preserved. Until recently how- 
ever records of 20th century scientists 
and engineers attracted much less 
interest than those of, say, politicians 
or novelists. 

Most scientists and engineers work 
in institutions—government establish- 
ments, industrial firms or universities— 
and if all these institutions systemati- 
cally gathered and retained records the 
residual problem would be small But 
many of them do not. Thus, few British 
universities have archives staff and 
fewer still gather the papers of 
academics as they retire or die. 

For these reasons, the Royal Society 
established a Committee on Scientific 
and Technological Records in 1967, 
under the chairmanship first of Sir 
Harold Hartley and then of Professor 
Nicholas Kurti. In 1969 a conference 
called by the committee agreed that 
scientists’ and engineers’ papers re- 
quired special action, partly because 
general archives tended to be fright- 
ened by them. It was further agreed to 
establish not a special archive but a 
centre which would locate, sort and 
catalogue the papers of individual emi- 
nent scientists and engineers. Each 
collection would then be permanently 
deposited in an appropriate existing 
library and only the catalogues, repro- 
duced by the Royal Commission on 
Historical Manuscripts, would be kept 
centrally and in the copyright libraries. 
The Wolfson Foundation gave a grant 
for an experimental period and I was 
asked to establish a centre at Oxford, 
where I had just been appointed Pro- 
fessor of the History of Science. 

The Contemporary Scientific Ar- 
chives Centre started in one basement 
room in April 1973 and has had a total 
paid staff of two people who do every- 
thing from typing, stamp-licking and 
driving to collect papers, to producing 
scholarly catalogues and orderly boxed 
collections, often from extensive and 
chaotic manuscripts. By the end of 
August 1978 60 collections had been 
handed over to 29 different libraries 
and a further 14 collections were in 
hand. In addition 175 enquiries had 
been made. The list at the end shows 
the variety of disciplines covered, 

The collections cover scientists (in- 
cluding medical scientists) and engin- 
eers who died after the Second World 
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War. The danger point for dispersal of 
papers is usually retirement but 
because of shortage of resources the 
centre can only deal with a very few 
collections of people as they retire. The 
Royal Society Committee decides who 
shall be included but the list is not 
confined to Fellows of the Royal 
Society nor do all Fellows automati- 
cally qualify. 

By ‘papers’ the centre does not mean 
only scientific publications. The word 
includes papers of all kinds such as 
notebooks, notes of lectures heard or 
delivered, papers and correspondence 
covering all stages and all aspects of a 
scientist’s life from school reports to 
political activity. The collections vary 
greatly in size and context. Some 
scientists keep few papers and some 
papers regrettably disappear: for ex- 
ample, the contents of the filing cabi- 
nets of Nobel prizewinner Cecil Powell, 
the physicist, were shredded soon after 
his death. By contrast some collections 
are very large, cover many years and 
are of outstanding interest: for ex- 
ample the papers of physicist Rudolf 
Peierls (including a life-long corre- 
spondence with Neils Bohr and Hans 
Bethe); Charles Coulson (including, 
besides papers on chemistry and mathe- 
matics, his many concerns such as 
pacifism, Oxfam and Christianity) or 
Patrick Blackett, the physicist (includ- 
ing his scientific, wartime, Labour 
Party and overseas activities). Some 
collections are beginning to form a 





Physics and Theoretical Physics 
*Sir Edward Appleton, *L. F. Bates, 
*Lord Blackett, *H. A. H. Boot, 
S. Chapman, W. Cochrane, H. T. Flint, 
H. Heywood, H. London, Sir Rudolf 
Peierls, C. F. Powell, A. P. Rowe, Sir 
Frank Smith, E. C. Stoner, Sir Geoffrey 
Taylor, S. Tolansky, Sir John Townsend. 
R. Whiddington 


Chemistry and Theoretical Chemistry 
C. A. Coulson, Sir Cyril Hinshelwood, 
Sir John Lennard-Jones, Sir Patrick 
Linstead, *Sir Eric Rideal, *Sir Robert 
Robinson, N. V. Sidgwick, F. Soddy 


Mathematics (including Mathematics of 
Computation) 
British Association Mathematical Tables 
Committee, T. M. Chaundy, B. Egerton, 
S. Gill. D. R. Hartree, *C. Strachey, 
J. H. C. Thompson, A. E. Titchmarsh, 
A. M. Turing, F. J. W. Whipple 


Biological and Zoological Sciences 

W. Т. Astbury, *J. R. Baker, 

D. Cunningham, H. M. Fox, Sir James 
Gray, E. J. Hanson, H. Hewer, 

E. Hindle, D. Keilin, D. Lack, 


Collections completed and *in hand 
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‘critical mass’ for the history of a dis- 
cipline—for example in. computing 
science. 

The formula for the centre has 
proved very cost-effective, while Oxford 
University has helped greatly with 
administrative services and accommo- 
dation. Location in Oxford has also 
brought unstintimg help and advice 
from many individuals. Nevertheless 
finance has been a constant anxiety, 
for the initial grants from the Wolfson 
Foundation and other funds were pump 
primers. At present the Royal Society 
and the British Library share the main 
cost with a smaller grant from the 
Council of Engineering Institutions. 
For two years from 1979 the Wellcome 
Trust will replace the British Library 
grant. 

The centre has blazed а trail. 
Neither of the two staff members had 
any previous archival or scientific train- 
ing but their work has been outstanding 
in quality and quantity and has attracted 
considerable interest abroad, especially 
in North America. The Wellcome 
Trust is now itself establishing a pro- 
ject on similar lines for medical 
practitioners and medical-related scien- 
tists. The work is becoming more 
valuable as more professional groups— 
such as various sections of physicists, 
molecular biologists, and computer 
scientists—hecome increasingly inter- 
ested in the recent history of their 
disciplines and as more historians study 
not only the purely scientific work but 
the other public work and private 
interests of scientists and engineers. (7 





For further information and copies of 
Progress Reports (April and October 
annually) please write fo Mrs Alton, 
Deputy Director, CSAC, 10 Keble Road, 
Oxford. 





Sir Wilfred Le Gros Clark, R, E. 
Moreau, *A. G. Ogston, *T. Weis-Fogh, 
*D. D. Woods 


Medical Sciences 
Sir Frederick Bartlett, Sir Roy Cameron, 
J. Cunningham, I. de Burgh Daly, 
N. M. Dott, Sir Wilfred Fish, 
G. W. Harris, D. Kirby, Sir Charles 
Lovatt Evans, R. Stacey, Sir Francis 
Walshe 


Engineering 
Sir Hugh Beaver, Lord Jackson, Sir 
Leonard Owen, E. A. Watson, 
*C. A. J. Young 


Botanical and Agricultural Sciences 
Sir Frederick Bawden, H. Hunter, 
W. Stiles 


Geography and Geology 
H. J. Fleure, *R. C. S. Hudson 


Metallurgy 
W. Hume-Rothery 


History of Science 
H. T. Pledge 
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Environmental research in Northern Finland 


Peter D. Moore, plant scientist 
at King's College, London, 
reports from Finland. 


Jusr 150 km south of the Arctic Circle, 
Oulu in Finland is one of the most 
northerly university cities in the world. 
It lies on the Bothnian Bay, the 
northernmost spur of the Baltic Sea, 
and it has provided a centre for a 
variety of environmental research pro- 
grammes in recent years. 

The Bothnian Bay is covered by ice 
for between 150 to 200 days of the 
year, often to a depth of 4 m and has 
a salinity in its epilimnion of less than 
0.2%. It is an unusual aquatic system. 
Oulu is an industrial] city with a popula- 
tion of almost 94,000, so sewage and 
industrial effluent is a matter for con- 
cern. Research conducted by the Uni- 
versity of Oulu at the Krunnit and 
Periimeri Research Stations on islands 
in the Bothnian Bay, have revealed 
that levels of inorganic nitrogen and 
phosphorus in the waters around Oulu 
are twice as high (200-250 ug I") as 
those 40 km north. The annual primary 
productivity is about 32gm' in the 
eutrophicated waters; this is twice as 
great as that found in the purer waters, 
but it is nevertheless only about a third 
of that found in the southern Baltic. 

The low annual productivity can in 
part be accounted for by the prolonged 
frozen period, but even when liquid, 
the discolouring effect of humus 
colloids in the waters of the Bothnian 
Bay result in poor light penetration. 
The maximum depth for 1% penetra- 
tion of light in summer is only 8-9 m. 

The islands in the Bothnian Bay are 
rich in plant and animal life. On the 
island of Hailuoto the elk reaches its 
highest population density in Finland, 
about one elk per square km. Lichens 
and macro-fungi on the island have 
been extensively exploited. Of the 
lichens, Cladonia alpestris is valuable 
in horticulture and since it forms dense 
carpets beneath the pine forests which 
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20%, of the cover is removed. It is then 
left for five years to regrow, the growth 
rate being about 4-6 mm yr '. About 
800 metric tons are harvested in Fin- 
land annually. The island of Hailuoto 
is also one of the richest sources of 
fungi in northern Finland. Estimates 
place the annual fresh weight yield at 
200kgha' '. Yields further north and 
east in Finland fall off to around 
50-60 kg ha^ ', but in the south west 
they can reach as high as 260 kg ha ''. 

Oulu University has a field station 
on the west coast of Hailuoto from 
which survey work is conducted and 
it has a second research station in the 
east of Finland in the Oulanka 
National Park, just outside the Arctic 
Circle. Here the dense spruce forests 
with thick layers of moss were used as 
a site for intensive study in the Inter- 
national Biological Programme by 
Dr Paavo Havas. 

The area is of particular interest to 
botanists because of the presence of 
calcium containing metamorphic rocks 
which permit the development of 


calcicolous plants such as Cypripedium 
simpli- 


Kobresia 


and 


calceolarum 


Left : a patch of Cladonia alpestris; right : growing palsa hummock 
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ciuscula. It may be the abundance of 
cations in local mires which has led 
to the survival in one inland spot of a 
population of Triglochin maritima, 
which is normally a coastal species. The 
existence of such a maritime plant in 
the Oulanka park led plant geographers 
at Oulu to speculate about the existence 
of a sea link between the Baltic and 
the White Sea when the area was 
depressed by glacial ice. Dr A. Vasari 
has been able to trace macroscopic 
subfossil remains of Triglochin mari- 
tima in the peats of its current locality 
going back 8,000 years. On the other 
hand, there are a number of maritime 
species, for example Armeria maritima 
and Plantago maritima, which have 
inland (often montane) ecotypes which 
were widespread during the closing 
stages of glaciation. Triglochin 
maritima could be another species of 
that type. 

Finnish Lapland сап boast yet 
another research station, this time 
belonging to the University of Turku, 
at Kevo in the far north of the country. 
It lies some 60km north of the con- 
tinuous pine forest in sub-arctic birch 
woods and fjell tundra. In this area, 
approaching 70°N, permanent ice 
cores are found within mounds, 
termed palsas, which typify the peat- 
land habitats. 

Much speculation has surrounded 
these palsa mires, in particular the 
circumstances under which they were 
created. Some people, such as M. Salmi 
(Turku) believe that all palsas began 
their formation at specific times in the 
past. He claims that the Lapland palsas 
fall into two groups which were initi- 
ated about 5,000 and 3.000 years ago 
respectively. Palsa studies in Ontario, 
Canada, by J. B. Railton and J. H. 
Sparling (Toronto), however, indicate 
a continuous and non-phased cycle of 
palsa initiation, growth and erosion. 

M. Seppälä, working at the Kevo 
Subarctic Research Institute has intro- 
duced a novel, experimental technique 
into the discussion. His observations 
led him to believe that palsa mounds 
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are created as a result of a failure of 
snow to accumulate on certain parts 
of the bog surface, so allowing ice 
penetration of those parts to be deeper. 
In winter, the wind blows the snow 
unevenly over the mire and, when 
temperatures fall to less than —40 °C, 
frost may penetrate to depths of 1m. 

If this explanation is correct, then it 
should be possible to create palsas 
experimentally by regular snow re- 
moval. Seppälä has contrived such an 
experiment and has kept experimental 


plots clear of snow during the past two 
winters. In the first winter, frost pene- 
trated to 85cm in the cleared area 
and only to 45cm in the control. By 
mid August the control was ice free 
but the experimental plot was still 
frozen to a depth of 45cm. In the 
second winter the artificial palsa had 
an ice core 100 ст deep and ice was 
still surviving to about 60cm this 
September. The expansion of the ice 
core has now led to the surface of the 
mire in the cleared area being elevated 


Down in a Polish forest, 
something is stirring... 


SovrHERN Poland, from an ecologist's 
point of view, could well be a night- 
mare—a  jumble of  conurbations, 
industrial enterprises and national 
parks, stretching in a wide belt across 
the country, while the high Sudeten- 
Carpathian mountain barrier effectively 
inhibits north-south ventilation. Not 
surprisingly, the forests of the area 
have deteriorated, and research into 
their management has been ranked as 
a "key" project. 

In 1976, a detailed survey was begun 
into the management of these forests, 
with the participation of thirteen re- 
search  institutions—four from the 
Polish Academy of Sciences, seven 
from the Jagellonian University and 
other academic institutions in Krakow, 
and two non-academic institutions (the 
Institute of Meteorology and Water 
Management and the Institute of En- 
vironmental Protection.) Some 70 
senior research workers are involved 
in the project, ranging from ecologists 
and dendrologists to geochemists and 
economists. 

The area chosen for study was the 
Niepolomice forest, some 30 km east 
of Krakow. The forest consists of two 
sections, a northern, deciduous part 
(^ 3,000 ha) and a southern coniferous 
part (^ 8,000 ha) mostly pine. Conifers 
are the most susceptible to pollution. 

The forest, formerly a royal hunting 
park, is of considerable historical and 
touristic significance. It is ecologically 
unfortunate, therefore, that in the late 
1940s, the new industrial town of Nowa 
Huta, with a steel mill still the largest 
in Poland, was established between 
Krakow and the Niepolomice forest. 
The prevailing wind is from the west, 
so that the forest receives the major 
proportion of industrial emission from 
Nowa Huta. 

The siting of Nowa Huta was ap- 
parently primarily a politico-demogra- 
phic decision, at a time when large- 
scale enterprises were seen to be the 
answer to the problem of rebuilding a 
war-shattered economy, at a time when 
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no government anywhere was more 
than dimly aware of the concept of 
ecology as a planning factor. 

After 25 years, however, the Niepo- 
lomice Forest was unhealthy, and a 
five-year project was undertaken, not 
only to find a remedy for Niepolomice, 
but also to establish a detailed mathe- 
matical model of the forest eco-system, 
and to propose methods of forest 
management in urban environments 
which could be extended to similar 
systems elsewhere. 

On the basis of this computer model, 
a number of parameters were selected 
for field study, including dust-fall, wet 
and dry deposition of sulphur, heavy 
metal contamination, acidification of 
tree bark, loss of photosynthetic effi- 
ciency of pine-needles, energy flow via 
small consumers and predators, and the 
quality of roe-deer antlers. The situa- 
tion was found to be far from promis- 
ing: dust fall 45—80 tonnes/km-yr, 
wet and dry sulphur deposition 3:6— 
6:4 tonnes/km’-yr, potential photosyn- 
thetic activity of pine-needles decreased 
by 13—18%. The total energy flow 
diagram revealed a slowing down of 
decomposition, producing a "carpet 
effect" under the trees, since the pine 
litter takes up to 10 years to break 
down completely, instead of the usual 
two, apparently due to inhibition of 
microbial activity, posibly due to heavy 
metal pollution. 

Recent introduction of electrostatic 
precipitators in the Nowa Huta facto- 
ries is improving the dust situation to 
a certain extent, but the problem of 
wet and агу sulphur deposition 
remains, so far, virtually insoluble. One 
proposal made by the research team is 
aerial spraying of the forest with lime, 
neutralising the sulphorous and sul- 
phuric acid. This is being introduced 
into the nutrient spraying programme 
which has been carried out over the 
last three years and which is already 
proving a palliative—the timber incre- 
ment has increased somewhat and the 
overall condition of the pines is im- 


9 


20 ст above its surroundings. This in 
turn has resulted in a natural wind 
clearance of the winter snow leading 
to more rapid paba growth. 

Studies such as these, together with 
lichen productivity, reindeer ecology 
and arctic nutrient cycling processes, 


all being carried out іп Lapland’s 
research stations, will undoubtedly 
contribute much to our lamentably 


poor understanding of the ecosystems 
of the far north. О 





proving. (Unfortunately, there is also 
the side effect of increased weed-growth 
and the eutrophication of the small 
river Drivnka). 

In addition to this spraying, the team 
have put forward several other draft 
proposals. The forest stands, they say, 
should be rebuilt into a mixed forest 
with the possible introduction of exotic 
species such as black pine and Japa- 
nese larch at the western edge. (It is 
hoped in the course of the next ten 
years to determine the most resistant 
strains). The water-table should be 
raised by regulating the drainage chan- 
nels in order to provide more available 
nutrients for the roots. Wild-life man- 
agement (roe deer, red deer, wild 
boar), should be optimised, and steps 
should be taken to reduce tourist pres- 
sure by organising ‘nature trails’ on 
the British model. 

A number of major problems still, 
of course, remain. For example, the 
net sulphur intake of the total biomass 
is still ~2 kg/year and the well-being 
of the forest can only finally be ensured 
by the radical control of industrial 
emissions, Nevertheless, the valuable 
contributions of the multidisciplinary 
team towards containing this problem 
is already effecting some amelioration, 
and at the same time has produced a 
valuable spin-off in the form of a num- 
ber of published papers, and a book 
now in producticn, dealing with basic 
concepts of forest ecology and man- 
agement, 

Vera Rich 


© Macmillan Journals Ltd 1979 


10 


Nature Vol. 277 4 January 1979 





correspondence 





Piltdown hoax: new light 


Sir,—-If L. B. Halstead (2 November, 
page 11) had taken the trouble to look 
a little more closely at the evidence 
presented in the scientific papers on the 
Piltdown forgery (as well as in my book, 
The Piltdown Hoax) he would surely 
have realised (and this goes also for 

Mr Richard L. E. Ford) that the late 
Professor Douglas' arraignment of 
Professor Sollas is really without any 
foundation. The “evidence” of Sollas as 
instigator and co-conspirator with Charles 
Dawson amounts to very little and that, 
quite trivial and unconvincing. 

Dr Oakley has already, in his letter 
to The Times (7 November 1978) shown 
that Douglas was mistaken in thinking 
that the Mastodon bones he said he gave 
Sollas were part of the Piltdown 
assemblage. The receipt by Sollas, 
according to Douglas' recollection of 
68 years ago of a packet of potassium 
bichromate can hardly be taken as 
positive evidence for the reasons which 
Dr Oakley gives in his letter. 

Moreover, Douglas should have known 
that Dawson had admitted to the use of 
bichromate, that Woodward knew this, 
and two people told me spontaneously 
(that is before the disclosure of the hoax) 
that they were aware of Dawson's staining 
activities. Moreover, as Oakley and I 
have shown, Dawson used a number of 
different methods of staining and we are 
left to suppose (on no evidence whatever) 
that Sollas initiated Dawson in all 
these methods. 

The third item furnished by Douglas 
in his remembrance of Sollas borrowing 
apes teeth from the Anatomy Department 
at Oxford. If Douglas had remembered 
Sollas borrowing an ape's jaw or even 
better, an orang's jaw, that would have 
been rather more interesting, because 
it was an orang jaw with its molars 
that was used for the plants at the two 
Piltdown sites. To say that Dawson 
needed Sollas as a supplier is sheer guess 
work and unnecessary at that. 

A likely source, as I have pointed out, 
was Abbott of Hastings, not to mention 
local museums and even straightforward 
purchase. A fourth item of “evidence” 
is the Sherbourne horse's head. For 
Douglas to say that this little curiosity 
(which cannot in fact be brought home to 
Sollas) is “ап almost similar act" to 
that of the elaborate Piltdown Forgery 
is quite fatuous, 

The motive attributed to Sollas for the 
humiliation of Smith- Woodward does not 
make sense. If his plan was to “expose” 
Smith-Woodward's gullibilitv and 
incompetence, Why should he have so 
firmly supported the new Eoanthropus 
dawsoni in the first place? Why did he 
not wreak his vengeance by exposing the 
forgery at any time after Dawson's death 
in 1916? Halstead argues disingenuously 
that once Dart had discovered 
Australopithecus Sollas would have known 
that it was only a matter of time before 
Piltdown Man was exposed. But if Sollas 
was so sure about the status of — 
Australopithecus africanus in relation to 


Piltdown, surely Dart's discovery provided 
the perfect opportunity (from 1925 
onwards) to expose both Piltdown and 
Smith-Woodward. 

The truth is that none of the leading 
palaeontologists of the day, including 
Dart and Broom (despite their many 
australopithecine discoveries), nor Leakey, 
nor Le Gros Clark, could see that 
Australopithecus made Piltdown Man 
impossible and (ergo) fraudulent. The 
reasons for this myopia, I have discussed 
elsewhere. A hint from Sollas or later 
Douglas, to any one of these would have 
been sufficient. Halstead is simply arguing 
from hindsight in suggesting that Sollas 
went to his grave rubbing his hands in 
anticipatory glee. 

In my book I point out in some detail 
that a “mastermind” to guide Dawson 
throwgh all the years of the complicated 
sequence of the events at Barkham Manor 
and Sheffield Park would need to be of 
Mephistophelean calibre. It would be 
tedious to repeat here all that is implied 
in asserting, or postulating, a continuous 
connection between Dawson and Sollas. 
Douglas and his sponsors do not even 
begin to face up to this. In the case of 
Sollas it would be quite as difficult a task 
as that which faced the recent accuser 
of Elliott Smith. Messrs. Halstead and 
Ford might care to look for proof of 
Sollas’ alleged activities in the light of 
the arguments in my paper on Elliott 
Smith and Piltdown (Symp. Zool. Soc. 
Lond. no., 33, 23-26; 1973). 

One thing the late Professor Douglas 
has succeeded in doing. He has certainly 
added a mystery of his own devising to 
the Piltdown saga—why should Douglas 
on such incredibly weak evidence take 
the trouble to besmirch Sollas’ reputation? 

Yours faithfully, 
J. S. Werner 
The Athenaeum, 
Pall Mall, 
London 


Proliferation 


Sir,—In your article ‘Is Proliferation 
Unstoppable’ (26 October, page 681), 
you say that after the May 1975 Review 
Conference of the Treaty on the 
Non-Proliferation of Nuclear Weapons 
**. , . no outsider proceeded to sign”. 
You cite this as evidence that “the 
NPT could hardly be said to be an 
unqualified success". 

The facts are that during and after 
the conference eleven additional states 
ioined the NPT. The new states 
included Libya, Venezuela, Japan, 
Switzerland and Portugal. A growth of 
14%, including some important states, 
is not bad going. The treaty now has 
104 members and Indonesia and Turkey 
are in the process of ratification. 

Only 13 non-nuclear weapon states 
that have any sighificant nuclear plant 
remain outside the treaty; they include 
several of those mentioned in your 
article. However, in eight of these 13 
every nuclear plant of which we are 
aware is under safeguards pursuant to 


non-NPT arrangements (like the 
German/Brazilian agreement). Only 
five non-nuclear weapon states have 
unsafeguarded plant—-these include 
India, Israel and South Africa. 

We agree that everything should be 
done to strengthen the non-proliferation 
regime, but one should not denigrate 
the considerable success of the treaty. 
A few years ago, German and Japanese 
ratification was by no means certain; 
now almost every leading industrial 
non-nuclear weapon state is a party. 
Moreover, IAEA safeguards have 
become much more effective and 
stringent in recent years. 

Yours faithfully, 
Hans-FriepRIcH MEYER 
IAEA, Vienna, Austria. 


Responsible statements 


Sin,—Though Nature is to be applauded 
for welcoming presentation of alternative 
views on controversial issues, I would 
think that the nature of the journal 
requires the editors to hold authors to a 
reasonable standard of responsibility, even 
on issues that evoke ideological conflicts. 
I therefore wonder why vou lend the 
dignitv of vour pages to such statements 
as the following, in an article by 
Jonathan King (2 November, page 7), 
"Now we don't have a law in the United 
States that keeps anybody from . 
introducing any gene into an epidemic 
strain of E. coli or salmonella or Shigella; 
and there are forces in that direction 
because of patents. If somebody else has 
a patent on making insulin in E. coli and 
you recognise that market 
what do vou do?" 
Yours faithfully, 

Bernarp D. Davis 
Harvard Medical School, 
Boston, Ma., USA 


Helpful oil companies 


SiR,— The article on wave energy (30 
November, page 433), gives a poor — 
impression of the helpfulness of the oil 
companies, which I would like to 
correct. 7 

ОК ООА wave data is commercial 
and confidential, and there was a time 
when Wavepower Limited could not 
have access to it. However, that access 
was cleared some time ago via the 
Department of Energy] was 
misinformed, and misled your 
reporter. 

Nevertheless you misrepresent both 
the oil companies and myself when you 
say that I have been unable even to 
arrange a visit to one of the platforms. 
My enquiry at the conference was the 
first time of asking, and I have already 
had two offers in reply. 

Yours faithfully, 
M. J. PLATTS 
Wavepower Limited, 
Southampton, UK. 
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Spacecraft charging 


from Gordon L. Wrenn 


HALLOWEEN is traditionally the time 
when things go bump in the night and 
was somehow appropriate for a Space- 
craft Charging Technology Conference 
sponsored jointly by the United States 
Air Force and NASA. Justification for 
the three day gathering of some 150 
scientists and engineers really stems, 
not from physical bumps but from a 
host of status anomalies seen on opera- 
tional spacecraft at high altitudes. The 
proposition is that these malfunctions, 
ranging from nuisance level to a 
possible fatality, are caused by electro- 
static charging events which occur near 
local midnight when a satellite passes 
through the shadow of the Earth. Six 
sessions at the impressive Air Force 
Academy in Colorado Springs served up 
54 well presented papers; these de- 
monstrated the obvious interest and 
support that the field has attracted. 
Why, then did the Conference close 
with a panel discussion on the theme 
"The Spacecraft Charging Hazard—is 
there a credibility gap?'; futhermore 
why was the only answer ‘Yes’. 

The electrostatic potential of any 
satellite will float to a value which pro- 
duces zero nett current. At low alti- 
tudes, a high concentration of cold 
ionospheric plasma clamps the float- 
ing potential at a small negative value. 
Up at several Earth radii, outside the 
plasmasphere, the cold plasma 
decreases, the photoemission current 
due to sunlight becomes dominant and 
the spacecraft charges to a few volts 
positive. In eclipse negative charging 
is to be expected but the absence of cold 
protons could permit a potential build 
up to very high values--20 kV has been 
Observed. The geosynchronous orbit 
(at 6.6 Re) is a popular one for a 
variety of applications satellites but 
with eclipse times of up to 75 minutes 
and a location at which intense fluxes 
of high energy electrons are encoun- 





Gordon Wrenn is at the Mullard Space 
Science Laboratory, University College of 
London. 


0028—0836/79/0277—0011501.00 


tered during periods of geomagnetic 
disturbance, it seems to be particularly 
susceptible to charging. The problem 
is complicated by the multiplicity of 
surface materials in use. In the same 
way that there is little danger when 
lightning strikes an aircraft, overall 
charging is not a threat but the possi- 
bility of differential charging presents 
the real hazard; subsequent discharge 
could generate a large current spike on 
power or ground lines and affect sensi- 
tive solid state devices. 

Since the last such conference in 
October 1976, much good work has 
been done on modelling both the 
particle environment and  electro- 
static fields around spacecraft. Con- 
siderable advances have been made in 
understanding surface material proper- 
ties and developing active potential 
control systems utilising electron or ion 
beam emitters. Studies are now well in 
hand for huge space platforms such as 
solar power satellites with areas over 
100 km’, and charging characteristics 
will clearly be of utmost importance to 
their design. One outcome of the earlier 
conference was a resolution to include 
simple discharge monitors on all opera- 
tional spacecraft but this has been 
largely ignored and the study of 
anomalies has progressed little. Satellite 
designers have not been convinced that 
the hazard is serious enough to justify 
increased production costs. 

The scepticism is bred by a number 
of missing links in the whole dis- 
cussion. A considerable catalogue of 
anomalies does have some correlation 
with geomagnetic activity but generally 
does not show an expected pattern with 
local time. Evidence for kilovolt charg- 
ing comes exclusively from the ATS 5 
and ATS 6 satellites but even these ex- 


hibited no corresponding status 
anomalies. There have been many other 
suitably instrumented satellites for 


which charging events have remained 
absent or undetected. Laboratory simu- 
lation of the charging process is difficult 


and has not yet been achieved on a 
system level. NASA and USAF hope to 
obtain all the answers with the 
SCATHA satelbte which is due to be 
launched in January 1979; it promises 
a concerted attack on all the factors 
which make up the charging equation. 
Whilst it necessarily represents a com- 
promise between the desire to create 
charging problems for study and the 
need to pursue techniques which might 
overcome these same problems, it 
should mark a big step forward on the 
trail of missing links. 

ESA, the European Space Agency, 
is in a strong position to contribute to 
the subject. In addition to having a 
good background in the physics of 
space materials, it has, in orbit, OTS 
and METEOSAT spacecraft with the 
opportunity for careful monitoring of 
anomalies and it has GEOS 2. In con- 
trast to ATS, the electromagnetic 
cleanliness of GEOS is excellent. Over 
96% of the surface has been 
made conducting by the use of special 
paints and an indium oxide coating 
for the solar array. Differential charg- 
ing has been avoided but satisfactory 
thermal characteristics have been 
achieved and for the first time reliable 
cold plasma measurements are available 
at 6.6 Rr. So far no significant charging 
events (in excess of about 150 V) 
have been seen on GEOS and it may be 
that its overall susceptibility is very 
different from that of ATS. If this is 
true, it is probably due to different 
secondary emission properties of the 
resulting retarded impact energy, the 
secondary electron yield exceeds one. 
Selection of suitable secondary emit- 
ting surfaces could provide an inexpen- 
sive method of limiting the extent of 
charging. 

It is planned that GEOS and 
SCATHA experimenters should collab- 
orate closely on data interpretation 
and this presents the best chance of 
closing any credibility gaps. As to the 
real significance of the whole issue, it 
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could be that the approaching solar 
maximum will provide the opportunity 
for everyone to judge; our lives are 


now much more dependent upon 
synchronous satellites than they were 
11 years ago. Li 


Membranes and parasites 


from D. F. H. Wallach 


A WORKSHOP оп the membrane 
pathobiology of tropical diseases held 
recently* brought together experts in 
the various diseases and membrane 
biologists, biophysicists, biochemists 
and immunologists to discuss ideas and 
techniques concerning membrane struc- 
ture апа physiology in relation to 
problems of parasite/host interactions. 

It became evident very early in the 
meeting that membrane biology rep- 
resents a major area of common ground 
for all the major parasitic diseases. 
Membrane studies are relevant to the 
modes of action of antiparasitic drugs, 
and membrane-bound antigens may be 
of particular importance in the develop- 
ment of serodiagnosis and immuno- 
prophylaxis. 

Intracellular parasites, such as the 
plasmodia which cause malaria, inter- 
act with the host cell membrane during 
entry and exit from the cell, and 
may modify the membrane during their 
intracellular development. These dif- 
ferent processes may be subject to in- 
terference by immunological or chemo- 
therapeutic methods. At least three 
organisms of those under consideration, 
Mycobacterium leprae, Leishmania and 
S. American trypanosomes, are taken 
up primarily by macrophages by phago- 
cytosis, but have evolved mechanisms 
by which they evade the normal de- 
struction of foreign material within 
phagolysosomes. These organisms may 
also avoid immunological defence 
mechanisms through their sequestered 
intracellular location. 

The presentations on extracellular 
parasites revealed additional mech- 
anisms which help them to evade host 
immune defences. African trypano- 
somes have the capacity for extensive 
variation of the chemical structure and 
antigenic characteristics of a glyco- 
protein surface coat lying outside the 
plasma membrane, and invading schis- 
tosomes have the remarkable ability 
to incorporate into their surface mem- 
branes a variety of host plasma mem- 
brane components, including blood 
group substances and components of 
major histocompatibility antigens, mim- 
icking host surface membrane anti- 
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genicity, and to shed, at least in vitro, 
surface membrane material in a man- 
ner reminiscent of the behaviour of 
some tumour cells. 

The workshop revealed that, although 
extensive immunological information 
exists on changes in the plasma mem- 
branes of host cells and the surface 
coats or membranes of pathogens dur- 
ing the processes of infection, evidence 
on the biochemical, biophysical, physio- 
logical, genetical and micromorph- 
ological processes involved is meagre or 
totally absent. However, recent devel- 
opments now permit these approaches 
to studies of parasite infection. For 
example a major causative agent of 
human malaria, Pl. falciparum, can 
now be cultivated continuously in vitro, 
the technique has been established in 
several laboratories around the world 
and its expansion to mass-cultivation 
seems feasible. The major steps in the 
fractionation of host cell (erythrocyte) 
and parasite antigens in a model mon- 
key malaria have been achieved; para- 
site modification of host cell membranes 
can be analysed both biochemically and 
immunochemically and the system 
allows rigorous biochemical analysis of 
parasite, parasite-induced and host-cell- 
modified membrane lipids and pro- 
teins, as well as numerous other meta- 
bolic variables. Although it has not yet 
been possible to cultivate M. leprae in 
vitro, the organism has been found to 
grow well in the liver and spleen of 
most forms of nine-banded armadillos. 
This permits production of large 
amounts of organisms free from host 
cell material. and studies are in pro- 
gress which should eventually lead to 
vaccination and improved chemo- 
therapy. Studies of the amastigote 
forms of leishmania growing within 
macrophages have revealed that some 
forms of leishmania modify the surface 
of host cells in a fashion which is 
recognisable immunologically. Some 
forms of trypanosomes can be culti- 
vated either in the absence of cells, or 
using host cells only as ‘feeder’ cells. 
Some forms of S. American trypano- 
somes can now be cultivated on a scale 
adequate to permit isolation of mutants, 
setting the stage for genetic experi- 
mentation. Moreover, fractionation and 
biochemical studies, involving both sur- 
face and cytoplasmic membranes, have 
been initiated using these organisms, 
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as well as leishmania. 

Animal models exist for schistoso- 
miasis and, although some ‘conven- 
tional’ biochemical /molecular biological 
approaches appear less readily appli- 
cable to this area, the discussions 
pointed to the existence of an import- 
ant group of microtechniques, including 
micropuncture, microcatheterisation 
and X-ray microanalysis, which are 
immediately available to the resolution 
of critical areas in schistosomiasis. 
Many of these approaches appear 
equally relevant to filariasis. 

The workshop showed that, in spite 
of promising beginnings in basic re- 
search on the six major diseases, there 
are important lacunae in information 
about both parasite and host-cell mem- 
branes, which might be filled by appli- 
cation of techniques for membrane 
studies which are now standard in 
many laboratories. Present knowledge 
on the relationships of intracellular 
parasites within the host cell raise many 
pertinent questions regarding transport 
mechanisms within the parasite/host 
cell complex, particularly of K*, Na* 
and Ca^ transport and the ionic pref- 
erences of intracellular compartments. 
These issues could be resolved by flux 
analyses, possibly combined with 
specific ionophores, and also by use of 
intracellular ion-localisation techniques. 
The effects of possible parasite-induced 
alterations of Ca’*-fluxes deserve major 
attention. In another vein, the major 
anion-transport protein of erythrocyte 
membranes has been extensively 
studied, many of its active sites can be 
specifically labelled and application of 
these approaches to the membranes of 
erythrocytes parasitised by malarial 
parasites is practicable. Such labelling 
methods could also fruitfully be ex- 
tended to macrophages (normal and in- 
fected) and to schistosomes. 

Most participants felt that further 
progress in the understanding of the 
six diseases required basic research in 
the following areas. 

Host and parasite surface receptors; 
parasite surface coats; passage of intra- 
cellular parasites into and out of cells 
fractionation of host-cell and parasite 
membranes; membrane composition of 
host cell and parasite; antigenic vari- 
ation in parasite and parasite-induced 
antigens, and immune mechanisms; 
application of the hybridoma technique 
to the study of parasite antigens; trans- 
port and permeability; membrane en- 
zymes; genetics; propagation of the 
pathogenic organisms involved; model 
Systems. 

Scientists interested in collaborating 
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in these or other activities of the Special 
Programme should contact the Direc- 
tor, Special Programme for Research 
and Training in Tropical Diseases, 
World Health Organisation, Geneva, 
Switzerland, for further information. 


Virus precursor 
shedding from 
mammary tumour 
cells 


from A. J. McClelland 


IN 1976 Ritzi et al. made the intriguing 
observation that mice with murine 
mammary tumour virus-induced mam- 
mary tumours had much greater 
amounts of the major mammary 
tumour virus (MuMTV) structural 
glycoprotein gp52 in their blood than 
did mice with no mammary tumours. 
This was true even when the tumour- 
free mice were productively infected 
with MuMTV and had very high levels 
of gp52 in their milk. Ritzi’s work 
raised several interesting questions. 
How are the MuMTV glycoproteins 
synthesised and assembled, what is the 
mechanism and biological function of 
gp52 secretion by mammary tumour 
cells and are there differences in the 
synthesis and assembly of MuMTV in 
normal and transformed, cells? 
Thanks to the establishment of con- 
tinuous MuMTV-producing mammary 
tumour cell lines (Ringold et al. 
Virology 68, 135; 1975; Sarkar et al. 
Virology T7, 12; 1977) some answers 
to the first question at least have been 
found. It appears that the MuMTV 
glycoproteins are derived from a single 
precursor molecule, designated pre- 
gp70 (molecular weight 70,000) which 
is then cleaved to form the glycopro- 
teins used in virus assembly (Racevskis 
& Sarkar J. Virol. 25, 374; 1978; 
Schochetman er al. Virology 85, 168; 
1978; Dickson & Atterwill J. Virol. 26, 
660; 1978). Even more interesting is the 
unexpected discovery that the MuMTV 
glycoprotein precursor is shed from 
the surface membrane of the tumour 
cells in which it is synthesised. 
Racevskis and Sarkar's discovery. 
that both gp52 and its precursor, pre- 
gp70, were present in virus-free culture 
medium from MuMTV-producing cells 
was unexpected because it was the first 
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time that a glycoprotein precursor had 
been found in cell culture medium and 
because cell surface labelling studies 
had shown that, unlike MuMTV рр52, 
pre-gp70 is not present on the surface 
of MuMTV-producing cells. 

Since pre-gp70 is shed into the 
medium of MuMTV-producing tissue 
culture cells, yet is apparently not avail- 
able for surface labelling, two popula- 
tions of pre-gp70 may exist. One 
population, destined to provide mature 
proteins for MuMTV assembly, may be 
cleaved before reaching the cell surface 
to produce gp52. The gp52 is then 
inserted into the cell membrane and 
leaves the cell only when it is incor- 
porated into a virus particle. The 
second population of pre-gp70 mole- 
cules are shed from the cell without 
ever becoming integrated into its 
surface membrane. In that context, it 
is interesting to note that pre-gp70 has 
not been reported to be packaged 
within mature MuMTV particles. 

The anti-gp52 serum that Ritzi used 
(Proc. natn. Acad. Sci. U.S.A. 73, 
4190; 1976) reacts with both gp52 and 
pre-gp70 and thus the glycoprotein that 
was detected in the plasma of tumour- 
bearing mice might have consisted of 
gp52 alone, gp52 and pre-gp70 or even 
pre-gp70 alone. The discovery that pre- 
gp70 is shed from mammary tumour 
cells in tissue culture could therefore 
explain the observation of Ritzi et al. 
but the mechanism by which MuMTV 
glycoproteins are shed from cells and 
the biological significance of shed- 
ding are still unknown. However, one 
can reasonably speculate that shedding 
helps MuMTV-producing tumour cells 
to escape from the immunological de- 
fences of the host. Immunisation studies 
have shown that gp52 is the most 
potent immunogen for protecting mice 
from exogenous MuMTV infection and 
subsequent tumorigenesis (Sarkar & 
Moore Cancer Res. 38, 1468; 1978). It 
is therefore possible that the release of 
large quantities of gp52, and possibly 
pre-gp70, into the plasma provides a 
means of complexing (and thus, in 
effect, neutralising) cytotoxic antibodies 
against the glycoprotein, thereby in- 
creasing the survival advantage of 
MuMT V-producing tumour cells. 

Whatever the biological function of 
glycoprotein shedding, it provides a 
unique opportunity to investigate two 
apparently different pathways of pre- 
gp70 transport and/or processing. It is 
still not known if MuMTV-producing 
normal mammary gland cells cultured 
in vitro would shed viral glycoproteins. 
If it is found that such normal cells 
do not exhibit the shedding pheno- 
menon, membrane changes taking place 
in the transition from normal to tumour 
cells might be studied using MuMTV 
glycoprotein shedding as a marker for 
cell transformation. Г] 
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Versatile 
accelerators 


from R. G. P. Voss 


THE range of uses to which small 
accelerators are now put is astonishing. 
These were covered exhaustively in a 
recent conference in Texas on the 
application of small accelerators*. The 
word ‘small’ is perhaps misleading: 
there were progress reports on the two 
very large tandems being built in the 
United Kingdom and in the United 
States, at Daresbury and Oak Ridge 
respectively, and experiments carried 
out on the 800 MeV proton linear 
accelerator at LAMPF and the 20 GeV 
electron linear accelerator at SLAC 
were reported. Perhaps, as someone re- 
marked, even smali accelerators are big 
in Texas. 

Amongst the many different fields, 
one topic inevitably attracted consider- 
able interest: the application of 
accelerators to medical purposes. 
Several papers dealt with the produc- 
tion of radioisotopes by cyclotrons, 
tandems, and linear accelerators. 
Information was given on targets, 
yields, the subsequent radiochemistry, 
the various uses of the isotopes, and 
instrumentation to detect localised 
radioactivity in the human body. 
Considerable work has been done in 
recent years at Los Alamos with pions 
produced by the proton linear accelera- 
tor. This is a huge machine, 850 m long, 
and its suitability for widespread use 
in medical work is obviously restricted. 
As a consequence a smaller accelerator, 
a mere 120 т long, is now being 
developed. It is known as PIGMI (Pion 
Generator for Medical Irradiations) and 
is now in its third year of development, 
with emphasis on being less expensive 
($10M) and more reliable than 
accelerators for pure research. 

A related field of great interest is 


that of computed tomography, and 
developments following from the 
original EMI CT scanner were 


presented. Work on proton CT at 
Los Alamos was described by W. F. 
Hanson (Oak Ridge Associated Univer- 
sities) and R. R. Highfill and M. E. 
Phelps (University of California at Los 
Angeles) gave a paper on positron 
tomography.. By detecting the annihila- 
tion radiation from positrons one can 
make an in vivo study of physiological 
processes in specific regions of the 
body. The need for positron-emitting 
radioisotopes (such as "C, "№, "О, "Еу 
with short  half-lives means that 
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accelerators must be available very 
close to the medical centres. 

Two papers dealt with a subject of 
great topical interest. K. H. Purser 
(General lonex Corporation) reviewed 
the use of electrostatic accelerators to 
give ultrasensitive particle identifica- 
tion, resulting in a spectrometer which 
is sensitive to a few tens of particles in 
a background of 10". By stripping 
electrons after an initial acceleration, 
one dissociates molecules and so 
enormously simplifies the identification 
of the atoms one is looking for. These 
need not be radioactive isotopes (as was 
necessary, for instance, in the previous 
method of counting “C decays): it is 
now possible for instance to study Li, 
Mg, Si and СІ. Moreover, the rare 
earths form excellent tracers. Exten- 
sions to the technique are leading to a 
new generation of secondary ion mass 
spectrometers many orders of magni- 
tude more sensitive than earlier ones. 
H. E. Gove (University of Rochester) 
reviewed progress in “C dating in the 
remarkable 18 months since the tech- 
nique of using an electrostatic accelera- 
tor was first reported. It is possible to 
date back to 70,000 years or even 
earlier, and a few milligrams of sample 
are sufficient (Doucas et al. Nature 
276, 253; 1978 and Hedges & Moore 
Nature 276, 255; 1978). The technique 
is being constantly extended. Work has 
been done on “Cl for instance, for 
dating old ground water with a view to 
the safe storage of nuclear waste (as 
reported in this issue of Nature on 
page 22) and on "Be for ‘million year 
geochronology'. 

A number of papers dealt with 
various aspects of thermonuclear re- 
actions. D. J. Nagel (US Naval 
Research Laboratory) discussed the 
progression from laser light through 
electrons to light ions and then to heavy 
ions in developments aimed at thermo- 
nuclear fusion. Currents of 300 kA of 
protons of energy about 1 MeV can be 
produced, with substantial fractions of 
a terawatt in a few nanoseconds. Even 
higher pulse energies are planned using 
25 GeV uranium ions. Intense ion 
beams on solid targets will produce 
and heat plasmas to temperatures of 
the order of 10°K. He also described 
fascinating work on multi-atom pro- 
jectiles: diamond dust is levitated while 
charge is built up with, for instance, a 
proton beam. Then the dust particle is 
accelerated by a 2 MV Van de Graaff 
accelerator. Twenty such particles can 
be accelerated per day! These are then 
fired into solid targets, to get plasmas 
with temperatures of the order of 
10* K. 
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Work on new uses of polarised beams 
was presented by S. S. Hanna (Stanford 
University). A polarised beam is im- 
planted in a target, and if this has the 
appropriate properties the polarisation 
transferred to the nuclei of the target 
can be preserved. This serves as a probe 
for studying magnetic moments, 
quadrupole moments (if an electric 
field is present), hyperfine fields, lattice 
effects, and for solid state problems 
such as the relaxation time of an im- 
planted nucleus in a holding material. 
Polarised beams are being used as gas 
targets, thus enabling polarised- 
polarised reactions to be studied. 

S. Raman (Oak Ridge National 
Laboratory) reported on a search for 
superheavy elements іп giant-halo 
monazite inclusions. Use was made of 
the particular advantages of synchro- 
tron radiation (from the electron 
storage ring SPEAR at Stanford) to 


Semliki forest virus: 


from Polly Matzinger 


IMMUNOLOGISTS have long been 
intrigued and biochemists frustrated by 
the cluster of genes collectively known 
as the major histocompatibility com- 
plex (MHC). To immunologists it is a 
fascinating bit of chromosome. Cell 
surface molecules coded by genes in 
the MHC have a central role in the 
processes by which the immune system 
recognises self from non-self (see News 
and Views 272, 112; 274, 840; 1978;). 
They are involved in the recognition 
processes which lead to graft rejection, 
immunity against infectious agents, 
susceptibility to a wide range of 
diseases, and have even. been shown to 
affect mating preferences іп mice 
(Immunogenetics 6, 265; 1978). Con- 
sequently, many theories and much of 
the current work in immunology con- 
cern the MHC. 

The MHC has been difficult to study 
biochemically. Purification and charac- 
terisation of its products has been an 
arduous task replete with surprises. In 
1956 the mouse MHC, H-2, was 
thought to be DNA. In 1957 it was a 
carbohydrate and by 1966 it had turned 
into a lipid. Today it is a glycoprotein 
with the arguments still raging over the 
antigenic importance of the carbo- 
hydrate parts (Parish Immunogenetics 
6, 343; 1978). A major cause of frustra- 
tion and confusion has been the diffi- 
culty of purifying MHC products in 
sufficientlv large quantities; however, a 
recent article from Helenius er al. 
(Proc. natn. Acad. Sci. U.S.A. 75, 
3846: 1978) promises an easier road 
ahead. 


Ari his colleagues 


Helenius and 
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induce fluorescence X rays. No sign of 
superheavies was detected. 

Many other topics were covered: 
geoscience and mineral exploration, 
neutron activation (with applications to 


agriculture, archaeology, the life 
Sciences), trace element — analysis, 
radiation processing of foods and 


sterilisation of medical products, the 
curing of paint, the crosslinking of 
polymer insulating and packaging 
material. Papers on ion implantation 
covered amongst other things the pro- 
cessing of semiconductors, integrated 
circuits, metal corrosion, and a project 
for an implantation for silicon solar 
cell processing (P. H. Rose, Nova 
Associates) with a capacity of about 
one acre per day! 

The overall impression of the con- 
ference was the enormous and rapidly 
growing use of accelerators in an extra- 
ordinary range of applications. 0 


key to the MHC? 


report that Semliki Forest Virus binds 
preferentially to MHC products on the 
cell surface. They discovered this while 
testing binding properties of the virus. 
They were using antibodies directed 
against Semliki Forest Virus to detect 
its binding to cells and antibodies 
directed against H-2 as a control. To 
their surprise they found that target 
cells which had been incubated with 
Semliki Forest Virus would no longer 
bind anti-H-2 antibodies. They postu- 
lated that the virus was binding to H-2 
and therefore blocking the H-2 mole- 
cules from the anti-H-2 antibodies. 
Further tests showed that Semliki 
Forest Virus also bound to human cells 
bearing HLA molecules (the human 
MHC) but not to their mutant counter- 
parts lacking HLA. Moreover, the virus 
binds to artificial lipid vesicles which 
have had MHC products inserted and 
can even be used on a Sepharose 
column to purify MHC molecules from 
solubilised membranes. So Semliki 
Forest Virus should make the purifica- 
tion of MHC molecules much simpler. 

Like protein A from Staphylococcus, 
which is useful in the purification of 
antibody molecules, Semliki Forest 
Virus has another interesting use. Pro- 
tein A, which binds to the Fe part of 
antibodies has been used in phylo- 
genetic screens to study the evolution 
of antibodies (Kronval et al. J. Immun. 
104, 140; 1970). Semliki Forest Virus 
may do the same for the MHC. There 
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has been much speculation about the 
evolution of the MHC. Simple 
self-non-self discrimination is found in 
very primitive organisms. Sponges only 
fuse with genetically similar sponges 
and, in colonial ascidians, recognition 
of the products of a single locus 
determines whether free swimming tad- 
poles will join up to form colonies. 
Even mating preference is controlled 
by this locus in ascidians. It has been 
postulated that the MHC may have 
evolved from genes that control such 
primitive self recognition and that our 
immunological recognition system 15 
simply a more sophisticated version of 
that of amoebae and sponges (Langman 
Rev. Physiol. Biochem Pharm. 81, !; 
1978; Lafferty & Woolnough, Immun. 
Rev. 35, 231; 1977; Burnett & Fenner 
The Production of Antibodies, Cam- 
bridge University Press, 1949). So far 
such speculation has chiefly fuelled fire- 
side debates, but now Semliki Forest 
Virus could be used to test these 
theories. 

The virus has an amazingly wide host 
range, having been grown in insect as 
well as avian and mammalian cells. To 
infect such a wide array of cells it must 
either have a wide range of cell sur- 
face receptors or a receptor which is 
evolutionarily highly conserved. A hint 


Storing energy as acid 


from A, B. Hart 


WHEN everybody had a woodpile, a 
coalshed or an oiltank there was little 
fuss about matching the rate of 
production. of an energy source to 
the consumer's need. But for the con- 
sumer with a taste for the convenience 
and cleanness of electricity in his 
domestic or industrial premises it is 
another matter. Although electricity 
plants can lay in stocks of coal, oil 
or uranium the plants themselves 
are costly and complex and it is both 
financially and mechanically unsound 
to turn them down as the demand for 
electricity falls back in its diurnal or 
seasonal cycle. Indirect storage of 
domestic electricity is possible in 
off-peak space heating and in the future 
perhaps in electric battery motor cars. 
This kind of consumer ‘storage’ may 
well play a large part in the future 
planning of a power network, but 
there will remain a need for a balanc- 
ing store near the generators and 
under the control of the operators 
of the network, so that the plant can 
be kept running at a steady load. 

In recent years true storage has 
been available using hydroelectric plant 
in reverse; storing electrical energy as 
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that the receptor is conserved comes 
from Helenius er al.'s paper showing 
that the virus binds both human and 
mouse MHC molecules. Will it bind to 
primitive organisms? We may soon 
have an answer from Virginia Scofield 
and Irv Weissman at Stanford who are 
testing its binding to the colonial 
ascidian Botryllus schlosseri. Binding 
per se is no proof that the molecules 
are evolutionarily related, but Lee 
Hood’s group at CalTech may have a 
solution to that problem. They will 
soon be able to sequence picomolar 
quantities of protein at the rate of 
40-60 residues a day. It will then be 
entirely possible to isolate a Semliki 
Forest Virus binding protein from a 
small number of Borryllus (say one 
seaweed leaf’s worth) and sequence it 
to see how it compares with the evolu- 
tionarily тоге advanced MHC 
molecules. 


The story is told of an explorer who, 
coming on a forest not marked on his 
maps of Africa, asked his native guides 
what it was called. ‘Semliki’, they said, 
shaking their heads, ‘Semliki’. Little 
did he know when he named it Semliki 
that Semliki means ‘I don’t know’. 
Ironically the virus named Semliki may 
well fill in some of the gaps in our 


knowledge of the elusive MHC. Li 


potential energy of water. But hydro- 
electric plants are usually expensive to 
build and in the UK there are going 
to be few sites left to meet the demand 
for storing night-time electricity 
expected around the turn of the 
century, This is when the proportion 
of electricity generated by nuclear 
power (not to mention wind and wave 
power with their unavoidably inter- 
mittent characteristics, which call for 
a very large storage element) is likely 
to be increasing rapidly. 

Other methods of energy storage 
have recently attracted much interest. 
Flywheels, superconducting magnets, 
compressed air and heat, underground 
water reservoirs, and rechargeable 
electrochemical batteries are all under 
scrutiny (Gardner et. al. CEGB Re- 
search 2, 1975). One of the more 
radical ideas is to make hydrogen from 
spare electricity by electrolysing water 
or directly from nuclear heat. The 
hydrogen need not be entirely re- 
converted to electricity; it can be used 
as a chemical feedstock—for fertili- 





A. B. Hart is at the Central Electricity 
Generating Board Research Laboratories, 
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sers, petrochemicals and for hydro- 
genating coal te provide liquid fuels. 
This is an intreduction to the much 
broader idea of the ‘hydrogen economy’ 
(Getoff Wasserstoff aly Energie- 
trüger, Springer Verlag, Vienna 1978) 
a scenario in which all primary energy 
sources old and new, fossil, nuclear, 
solar, winds, waves and biomass, are 
converted into hydrogen which is 
stored as liquid or gas and piped to 
the consumer for his total energy 
neds. Objective attempts to make an 
economic case for such ап all- 
embracing hydrogen energy system 
depend very much on the cost, 
efficiency and safety of storing the 
hydrogen. For fuelling transport one 
could use liquid hydrogen or a 
metallic hydride, neither of them cheap 
nor particularly attractive, the former 
because of the cost of the container, 
the latter because of the heavy weight 
of the metal. For storage in large- 
scale power networks one thinks of 
the gas in high pressurised pipe-lines 
or underground caverns, All feasible 
but somehow a little unnerving; and 
the feeling remains that storage and 
transport is rather a weak point in the 
idea of the hydrogen economy. 

A recent paper from the RCA 
Laboratories at Princeton in the US 
(Williams, Crandall & Bloom Appi. 
Phys. 33(5) 381; 1978) suggests an 
interesting alternative. Linking the 
hydrogen to CC, to give formic acid, 
HCOOH, from which it can be released 
using a palladium catalyst, one obtains 
a stable liquid energy storage medium, 
equivalent, even with the formic acid 
as a 4 mol" (4 M) aqueous solution, 
to the gas held at 100 atm pressure in 
a heavy cylinder, The acid can be 
made electrolytically in the 4 M 
solution by the reduction of CO, (or 
bicarbonate ions, НСО) with oxygen 
appearing at the other electrode. Using 
an amalgamated nickel electrode for 
the СО» reduction with an ion exchange 
membrane to separate it from the 
oxygen electrode the authors observe 
only an extremely small current 
(1 mA cm ^?) even with a high over- 
potential (1.0 Vy denoting a very low 
electric energy to hydrogen conversion 
efficiency and a low specific output— 
which implies a very large investment 
in electrolysis piant, On such a basis 
the conversion cost would be prohibi- 
tive even without taking account of 
the palladium hydrogen release 
catalyst. And that is not cheap; a 
simple calculation suggests over £3,000 
worth of palladium-carbon at current 
prices to liberate enough hydrogen to 
power a small motor car (3.5 kW 
electrical output). But such calculations 
are mischievous-—the authors have 
made a laboratory demonstration of 
the process, not a pilot plant demon- 
stration unit. 
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lt is the basic idea of going directly 
from electricity to a stable liquid 
energy storage medium which is so 
exciting. Further work must examine 
what energy losses are inevitable in the 
formic acid system to see whether 
they can be accepted and whether other 
losses can be avoided at acceptable 
cost. Electrochemical studies must also 
show whether by working under dif- 
ferent conditions, for example, at 
higher temperatures and pressures, one 
could achieve a higher concentration 
of the acid (a 60% solution would con- 
tain more than half as much hydrogen 
on a volume basis as liquid hydrogen 
itself). It is by no means evident that 
the electrolytic liberation of hydrogen 
atoms in close proximity to CO; mol- 
ecules, leading to the formation of 
HCOOH, should not at a suitable sur- 
face, proceed as efficiently at a given 
surface-specific rate as in the absence 
of CO. In this case the atoms form 
hydrogen molecules, as in the electro- 
lysis of water to form hydrogen gas at 
the cathode. And advanced electrolysis 
of water can achieve a high (75-90%) 
efficiency of conversion of electrical 


European plant health 


from a Correspondent 


Tur introduction of plant pathogens 
into a country in which they are not 
normally present can have devastating 
economic or environmental conse- 
quences. To prevent the inadvertent 
introduction of serious pathogens, 
stringent and well-informed quaran- 
tine regulations are necessary. New 
quarantine measures for continental 
Europe and Britain have been propose 

by the European and Mediterranean 
Plant Protection Organisation (EPPO 
Bull, special issue 1975) and the EPPO 
have recently published the first set cf 
data sheets on which these recom- 
mendations are based (EPPO Bull. 
8(2); 1978). These data sheets list some 
of the organisms covered by the 
quarantine regulations which are clas- 
sified as Al (organisms not present in 
the EPPO area) and A2 (present in the 
EPPO area). They provide a descrip- 
tion of the pathogens and some of the 
diseases they cause. 

At first glance this appears a com- 
mendable piece of work, but is it? One 
deficiency, which has caused wide- 
spread concern amongst plant patholo- 
gists who have the task of interpreting 
the regulations is that variations :n 
strain, race and serotype are ignored. 
The potential importance of such dif- 
ferences can be seen in British hedge- 
rows, now lined with rows of dead 
elms as the result of the introduction 
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energy into hydrogen (expressed as the 
heat of combustion to water), vastly 
higher than the authors’ experiments 
seem to suggest for formic acid forma- 
tion. A review of the electrochemical 
literature (Russell et al. J. Electro- 
chem. Soc. 134, 1329; 1978) suggests 
that the authors’ low efficiencies and 
low specific rates of formic acid 
formation are expected for this 
type of electrode process, where the 
hydrogen atom must be liberated 
at a high over-voltage (also with 


very poor electrical efficiency) to 
be able to break open the CO: 
molecule and react with it. One 


might get over this problem but it is 
apparent that considerable research is 
needed. 

Meanwhile, it may certainly be 
reasonable for the authors to claim, 
as they do, that the system “represents 
an energy storage method of excep- 
tional versatility and generality” but 
until much more work is done it is 
surely rather over-optimistic to state 
that it “will be important for the stor- 
age of elecrical energy whenever there 
are surpluses”. [1 


of a variant strain of a pathogen 
already classified as endemic within 
Europe (including Britain). 

With regard to the diseases with a 
viral aetiology the picture is confused 
by the lack of any reference to a defini- 
tive description of the virus such as 
the AAB/Commonwealth Mycological 
Institute Descriptions of Plant Viruses, 
and by the omission of any description 
of the morphology, composition, group- 
ing or serological grouping of the virus. 
How then is anyone to know exactly 
which virus is being referred to and in 
that case how can “ап EPPO countiy 
take whatever action is necessary and 
reasonable to prevent introduction" 
(EPPO Bull. 1975 special issue). 

Plant virus nomenclature is notor- 
iously confused by the practice of 
naming the viruses after the disease 
they cause and it seems a shame that 
the EPPO have not learnt this lesson. 
For example they describe Scottish 
raspberry leaf curl as a ‘completely dif- 
ferent disease’ from American rasp- 
berry leaf curl and attribute rose wilt 
syndromes to endemic A2 pathogen(s) 
when plainly this is unlikely to be the 
case. 

In Britain and Holland no clear evi- 
dence that rose wilt or dieback was 
graft transmissible has been found 
(Phytopath Z. 79, 160; 1974; Neth. J. 
Pl. Path. 81, 187; 1975); whereas in 
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New Zealand the pathogen was readily 
graft transmitted and some field spread 
has been recorded (N.Z.J. agric. Res. 
14, 735; 1971; A.J. В. N. Z. Inst. Hort. 
(2) 16; 1974) In California rose 
spring dwarf (Pl. Dis. Reptr. 55, 294; 
1971) was reported and described as a 
graft transmissible disease distinct from 
rose wilt (PI. Dis. Кер. 60, 183; 1976). 
In addition rose leaf curl, a distinct 
component of a disease complex which 
resembles rose wilt, has also been des- 
cribed in California (Pl. Dis. Reptr. 60, 
178; 1976). The question therefore 
remains of what is rose wilt and which 
pathogens cause it. Poor graft union 
formation, stunting and proliferation 
are disorders that can be induced by 
many pathogens, physiological condi- 
tions and environmental factors in 
woody plants. In view of this, to sug- 
gest endemic A2 pathogenic causes and 
to recommend quarantine procedures 
on that basis is both naive and fool- 
hardy. Quarantine procedures should be 
based on the aetiology of a disease, not 
on disease expression. 

The EPPO Working Party also seems 
to be rather inconsistent in its recom- 
mendations for the control of Al 
pathogens. For the control of needle 
cast of Japanese larch caused by 
Mycosphaerella  larici-leptolepis they 
state that "the importation of larch 
from Japan should be prohibited". 
However, in respect of American plum 
line pattern virus they say that it is 
doubtful whether roguing of trees 
should be recommended. This contra- 
dicts the original recommendations for 
Al organisms of taking necessary and 
reasonable action to prevent entry. 

The lists of Al and A2 pathogenic 
organisms are abysmally short when 
one considers the vast numbers of eco- 
nomically important pathogens that 
have been described throughout the 
world. It is to be hoped that EPPO will 
rapidly extend their lists and that the 
data sheets will provide more compre- 
hensive and accurate information on 
these pathogenic organisms. 

Quarantine measures can only be 
effective if those responsible for them 
are well informed. Bureaucrats with 
little understanding of plant protection 
must seek the guidance of leading re- 
search workers otherwise confusion will 
result. 

Non-endemic pests and pathogens are 
being imported to Britain annually, and 
the situation in continental Europe is 
even worse. EPPO's function is to 
advise on the restriction of movement 
of pathogenic organisms into and with- 
in Europe without impairing plant 
trade. Let us hope that it will adopt the 
correct policies to fufil this role and not 
imitate the Plant Health Branch of our 
own Ministry of Agriculture, Fisheries 
and Food (see Nature 259, 449; 1976). 
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Present status of y-ray astronomy 
K. Pinkau 


Max-Planck-Institut für Physik und Astrophysik, Institut für extraterrestrische Physik, D-8046 Garching, FRG 





Diffuse extragalactic y-ray flux may be due to individual objects, and two possible sources are 3C273 
and NGC4151. The Milky Way is an intense line source exhibiting a large contrast in emissivity 
between the directions towards and away from the galactic centre, respectively. y-ray point sources and 
cosmic rays interacting with interstellar material are both responsible for this emtssion—the latter 
decreasing away from the centre. Twenty-one point sources have been discovered to date, including four 
pulsars which all have two maxima with —0.4 phase separation. If the number and position of y-ray 
point sources are proportional to the stellar birth rate, the bulk of the galactic emission can then be 


explained by 5,000 sources emitting the 10” photons > 100 MeV s^ 


" produced in the galaxy. 





THE new discoveries by ESA's satellite Cos B (refs 1-3) and 
successful! balloon observations provide new material for a 
discussion of the astrophysical processes leading to y-ray 
production. The sky in the light of y rays shows two distinct 
features, a general and rather diffuse flux from extragalactic 
space against which the narrow and brilliantly luminous band of 
the Milky Way stands out. 


y Rays from extragalactic space 


The cosmos is filled with photons of all wavelengths. If one 
considers an average point in intergalactic space, the energy 
density of photons in the various energy bands is like that shown 
in the hatched area? of Fig. 1; the full line represents the energy 
density in photons from the Galaxy in the solar neighbourhood. 
Remarkably the energy density in metagalactic space remains at 
the high level of several 10 ^ eV cm? in the X- and y-ray 
domain. This is because hard X rays and y rays are practically 
not absorbed? (the redshift, at which the cosmos becomes 
opaque to y rays is z — 100) and distant sources therefore make 
a similar contribution to the diffuse flux as close ones. Thus, 
extragalactic y-ray astronomy must be considered with 
cosmological questions. 

Observationally, there seems to be agreement about the 
shape of the energy spectrum of the diffuse radiation" ?. Figure 2 
Shows a shoulder at around 3 MeV which steeply drops beyond 
10 MeV. The data at lower energies accord well with the results 
at high (250 MeV) energies, if allowance is made at high 
energies for a flat galactic contribution to the extragalactic flux. 

The origin of the diffuse radiation in general and the shoulder 
at 3 MeV in particular is still unclear; is it due to a truly diffuse 
mechanism, or to an as yet unresolved superposition of many 
individual sources? We encounter the same problem when we 
consider the origin of galactic y rays. 

This uncertainty has been due to, on the one hand, the little 
observational evidence available on the y-ray luminosity of 
galaxies, quasars and other objects, and on the other hand, the 
models for truly diffuse production either in intergalactic space 
now or during the big bang have free parameters. It has thus 
been possible to reproduce the same observational results with 
several different models. For example, the diffuse radiation 
could originate from electrons that escape from galaxies into 
intergalactic space, or at least the shoulder could be caused by 
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redshifted photons from z"-decay that in turn have been 
produced either by a copious supply of cosmic rays in the big 
bang, or by simultaneous baryon-antibaryon annihilation ^". 

Some new light has been shed on this situation by the obser- 
vations of two extragalactic y-ray sources" which have been 
identified to be 3C273 and the Seyfert galaxy NGC4141. If 
these identifications are correct, 3C273 would emit 2x 
10“ егрѕ7' in 50-500 MeV y rays, and the spectrum of 
NGC4151 would look like that shown in Fig, 3. Certain 
assumptions about space density and luminosity, the diffuse y 
ray background could then be explained bv a superimposition of 
individual sources*. 

These new discoveries have directed attention towards 
extragalactic y ray astronomy for other reasons. One possible 
mechanism for producing the sharp cut-off in the spectrum of 
NGC4151 at 3 MeV is the Compton precess'’. Due to large 
energy losses, a sharp cut-off will have been generated in the 
energy spectrum of the electrons required to scatter photons 
into the y-ray domain which then reproduces itself in the 
spectrum of NGC4151. If this were true, the position and shape 


Fig. 1 Energy density of the cosmic photons. The hatched area 

shows the energy density of photons in the various energy bands 

(radio, R; microwave, M; infrared, IR; optical, O; ultraviolet, UV; 

soft X ray, SXR; X ray, XR; and y ray band) in metagalactic space; 

the full line shows the galactic contribution evaluated i in the solar 
neighbourhood. After Silk”. 
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Fig. 2 Energy spectrum of the diffuse y radiation after Schön- 

felder et ai." , Fichtel et ai? Taken from ref. 9. The solid line is the 

contribution of galactic y rays to the total diffuse flux from high 

galactic latitudes, the dashed line is the remaining extragalactic flux 

if the galactic contribution is subtracted from the total diffuse 
spectrum. 


of the cut-off must be highly time-variable'’? and it would give 
some indication of the energy requirement and rate of occur- 
rence of events that power Seyfert galaxies like NGC4151. 


y Rays from the Galaxy 


The galaxy appears as a narrow line source in high-energy y 
rays, its width at half maximum" is +3°= b" = —2.5? at /" = 0°, 
and +7° = b" = —3? at [= 120°. (The significance of this devia- 
tion from the galactic plane would be interesting to consider.) 

Quantitatively, the line source strength of the galaxy is 
shown"? in Fig. 4. This is an old picture: although the galactic 
survey has been completed by Cos B, but the new data have not 
been published yet. However, in the complete data set, regions 
of intense y-ray emissivity in the plane seem to occur when the 
line of sight tangentially intersects spiral arms which in turn have 
been localised by high excitation parameter H II regions and 
intensity maxima in the radio continuum and neutral hydr- 
ogen'*. 

y-ray point sources are also embedded in the galactic plane. 
Their positions (and identifications, if any) are indicated by 
arrows in Fig. 4. A list of point sources is given in Table 1 (refs 
17, 18). The nature of the galactic y-ray emission has been 
widely debated. y raysoriginate from the interactions of cosmic- 
ray nucleons and electrons with interstellar matter, yet the 
observed line source strength shown in Fig. 4 in the direction 
towards the centre differs strongly from the fluxes expected in a 
simple model where cosmic rays (with the average galactic 
intensity as observed near the Solar System) interact with inter- 
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stellar atomic hydrogen. These expected fluxes would not vary 
much as a function of longitude, because the projected density of 
atomic hydrogen along the line of sight also is rather constant. In 
this simple model, the y-ray line intensity over the entire 
longitude range would be that indicated by the dashed lines in 
Fig. 4. Clearly, many more. y rays come from the longitude 
interval between x60? than can be explained by this simple 
model'?. 

One way of explaining this discrepancy would be to assume 
that more material and cosmic rays are available in the inner 
parts of the Galaxy. On the other hand, y rays also originate in 
point sources. Can they account for the difference? The dis- 
cussion is complicated by the fact that the angular resolution of a 
y-ray telescope (several degrees) is insufficient to directly 
answer these questions. 


Discrete sources 


The truly diffuse component is that part of the galactic radiation 
that remains if point sources are subtracted. It is therefore 
necessary to consider these first. 

y-ray point sources are of high astrophysical interest in their 
own right and indeed the impact of y-ray astronomy on the 
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Fig. 3 The energy spectrum of y rays from the direction of 

NGC4151. After Schónfelder*. The MISO y-ray detector actually 

measured an integral flux 150 keV and not a spectrum. The 

hatched area represents the spectrum derived by these authors, and 

compatible with their integral flux under the assumption of an 

E^? power law extending to infinity. It thus does not conflict with 
the measurements of the MPI Compton telescope. 


whole of astrophysics may eventually be larger here than in the 
study of the regions of residence of cosmic rays in the Galaxy. 
Due to the limited angular resolution, point source 
identifications in the Galaxy have been possible only for 
pulsars???', the number of which has now been increased due to 
CosB to be four? **: PSR1822-09, PSRO531+21, 
PSR0740 4-28 and PSR0833 — 45. It is very surprising that all 
four pulsars show double maxima with a phase separation of 0.4 
(Fig. 5), although their energy spectra are different. 
Furthermore, the luminosities of the four pulsars (using the 
dispersion measure as distance indicator) do not decrease in 
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Fig.4 Longitude profile of the intensity of y rays of energy >100 MeV over the latitude range |b" < 6°. The dashed line roughly indicates the 

line intensity expected from cosmic rays interacting with interstellar gas in the region /" = 180° = 80° after Fichtel er al.'“, allowing for the 

narrower latitude range |b" < 6°. The solid line is the distribution in apparent brightness of O-stars as given by their Lyman-continuum flux after 

Mezger 5: it has been normalised to the average line intensity of —10 ^ photons >100 MeV cm ^ s^! rad! contributed by the Cos B point 
sources from the two viewing periods centred on 126° and 185°, respectively. 


proportion to decreasing P/ P? which in turn is proportional to 
É, the rate of loss of rotational energy (assuming the same 
momentum oí inertia in all four pulsars). Thus, at least in the 
four cases observed (which may be subject to selection effects), 
the efficiency of converting E into y-ray luminosity increases 
with decreasing E until some as yet unknown limit is 
reached ^75, 

Finally, at least in the case of the Crab (0531 +21) and Vela 
(0833 — 45), the emission from these sources is compatible with 
it being entirely pulsed. The 20 lower limit of the pulsed fraction 
is 78% (250 MeV, Crab) and 91% (250 MeV, Vela), respec- 
tively”. 

Attempts have been made to identify at least some of the 
Cos B sources with other objects!" like X-ray sources”*”’, radio- 
optical sources, supernova remnants’, H П-геріопѕ°°, and dark 
clouds?" (which radiate y rays if they are penetrated by cosmic 
rays). Due to the large positional error in the y ray observations, 
these have remained possibilities. 


General galactic emission 


In the outer parts of the Galaxy, y rays are clearly produced by 
both, cosmic ray interactions with interstellar matter, and point 
Sources. A cosmic-ray gradient away from the galactic centre 
must exist? because the y-ray intensity seen from the outer 
parts is less than that expected if cosmic rays were to fill the 
entire galactic disk with the same intensity as that near the Solar 
System. 

Whether or not the high flux value of y rays from the inner 
parts of the galaxy is due to point sources or a truly diffuse 
process requiring more interstellar material and/or more cosmic 
rays there, is as old a question as the first positive results of y-ray 
astronomy !??!, 

It has been shown’? that the radio emissivity, the distribution 
of neutral and molecular??? hydrogen alone do not sufficiently 
well represent the spatial distribution of general y-ray emissivity 
in the Galaxy. Consequently, one has to construct the popu- 
lation of y ray emissivity theoretically by assuming a correlated 


variation of cosmic-ray energy with matter density, be it in the 
spiral arms'^, or in a ring of high matter density as provided by 
molecular and atomic hydrogen™. 

These models of the galactic y-ray emissivity have been 
constructed so that they can explain quite well the observational 
results. But they are not conclusive because the actual amount of 
interstellar material available as an interaction partner for 
cosmic rays, and the actual intensity of cosmic rays throughout 
the galactic plane are uncertain. Therefore there is still the 
possibility that the observed picture of our Galaxy in high energy 
rays could be dominated by point sources, y-ray stars, rather 
than diffuse processes. Because individual y ray sources cannot 
be resolved in an environment of large emissivity, and time 
variability may help identification in mary but probably not all 
cases, many statistical arguments heve been used with 
conflicting results. For example, Ogeiman™ attempted to 
explain the OSO3 results by extrapolating the intensity of 
known X-ray sources into the y-ray domain using a ~2.0 power 
law index; the uncertainty of such a method was pointed out by 
Clark et al. '. Similarly, Coe et al7* extrapolated the apparent 
brightness of X-ray sources into the y-ray domain, using the 4th 
Uhuru catalogue and Ariel 5 observations. They used their 
results to calculate an average for the galactic y-ray emission by 
point sources, while Protheroe et al.^^ came to the conflicting 
conclusion that y-ray point sources, basec on a comparison with 
the 4th Uhuru catalogue, could account only for 1996 of the 
galactic line emíssion. 

The situation is also unclear if pulsars are used to estimate the 
possible contribution of point sources. Fer example, Kniffen et 
а1° estimated the pulsar contribution to galactic y rays at 5%, 
while Higdon et al?" believe that a much larger contribution 
could be expected. 

The problem with statistical arguments.is that a known popu- 
lation is required, that has the same spatial distribution within 
the galaxy as that expected for the y-ray sources. It has not been 
Shown that the X-ray sources provide such a population. There 
are indications that the distribution of pulsars in the galactic 
plane” may be quite similar to the y-ray emissivity, 





0 PHASE 1 


Ең. 5 Light curves of the four pulsars now observed by Cos B 
(refs 19-21) a, PSRO833 — 45; b, PSRO531 +21, c, PSR1822— 09, 
d, PSRO740 —28 


A statistical investigation of this question may start from the 
Observations of point sources in the anticentre direction, assum- 
ing that all have been discovered in favourable conditions of 
observation, namely low background and low space density of 
sources which then allows detection in spite of the low power of 
angular resolution of the y-ray telescope (several degrees). One 
then may extrapolate this result to cover the entire galactic 
plane, scaling it according to the variation of a known population 
of astronomical objects which are believed to have a similar 
space dependence as y-ray sources. Attempts using X-ray 
sources or pulsars have led to conflicting results. 

One may, however, investigate whether y-ray point sources 
could be young objects and thus be correlated to the stellar birth 
rate. It had been noted (see, ref. 41) that the distributions in the 
galactic disk of Ha, Н I1-regions, y rays and supernova remnants 
are all similar. However, the question of the stellar birth rate has 
recently been reviewed??*? and has quantitatively been esti- 
mated by counting the number of Lyman continuum photons 
emitted by O-stars per element of volume of the galactic disk. 
From observations of giant radio Н II-regions?? and the extend- 
ed low density Н 1-regions, Mezger’* was able to derive the 
emissivity of the galactic disk in Lyman continuum photons as a 
function of galactocentric distance. 

It is proposed here that the spatial distribution of y-ray 
localised sources closely resembles that of the O-stars, that is 
that of the Lyman continuum photons (Fig. 6). The width of that 
layer in the galactic plane is very narrow, +100 pc, in agreement 
with the narrow width of the galactic y-ray emissivity. 

One may now construct the line source intensity of apparent 
brightness of the Lyman continuum photons by using the data of 
Fig. 6 and integrating along the line of sight through the galactic 
plane, taking account of the limited thickness of the disk: this is 
the full line of Fig. 4 and it supports the conjecture that the 
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population of O-stars has the same spatial distribution as the 
y-ray emissivity. 

Figure 4 shows a rough comparison which is circumstantial in 
the sense that Mezger!^ unravelled observational results to 
arrive at the galactic production rate of Lyman continuum 
photons which then had to be reconverted to the distribution of 
apparent brightness along the line of sight (Fig. 4). However, a 
detailed comparison of extended low-density H u- and radio 
Н -regions with the y-ray sky map (which will be forthcoming 
shortly from the Cos B observations) may reveal a much greater 
agreement in detail. Already, correlations between Cos B point 
sources and Н II-regions have been noted????, and the spiral 
structure, which also is visible in the y-ray sky surveys, is in turn 
delineated by H-regions’®. Also, 74% of the Lyman 
continuum emissivity is estimated to come from the main spiral 


larger density there. 

Approximately, then, 3 x 10!! Lyman continuum photons are 
emitted per single y ray with energy exceeding 100 MeV, 
corresponding to a galactic luminosity of 10° (ys 
100MeVs). In other words roughly 10* y rays above 
100 MeV are produced per birth of one solar mass. 

These considerations may now be applied to an investigation 
of the relative importance of point sources and diffuse emission. 


Table 1l y-ray sources detected by Cos B. 








Galactic No. of 
coordinates obser- Spectral Relative 
nm b vations das Remarks intensity 
21.0 +1.0 1 Soft PSR1822-09 ~0.8 
+0 10 
65.5 —0 0 3 Hard 0.30 0.05 
+0.15 
75.0 +0.0 1 x 0 45 010 
40.30 
78 5 641.5 1 X 1.00 70 
95.5 44.5 2 Hard — 
106.0 +1.5 1 X — 
- +010 
121.0 +3.5 1 Hard 0 20 0.05 
; 40.15 
135 5 +1.5 2 Medium 0.30 010 
176.0 -7.0 1 Soft 0.50 +0.10 
184.5 -55 2 Medium PSR0531 +21 1.00 
189 0 +1.0 1 X 0.40+0.10 
195.5 +45 2 Нага 0.90 + 0.20 
2190 —0.5 1 Medium — 
243.0 -2.5 1 Hard PSRO740+28 ~0.4 
263.5 -2.5 5 Hard — PSR0833—45 3.30+0.50 
270.0 —1.0 2 Soft -— 
284.0 -1.0 1 Hard — 
288.5 —0.5 1 Medium — 
2910 +65.0 1 Medium 3C273 ~0.25 
295.5 +05 1 Medium — 
312.0 -1.5 1 X 045 +0.15 
327.5 —0.5 1 X 0.352:0.15 
333.5 +0.0 1 X 0 7020.20 
353.0 +16.0 1 Hard ın Opbiuchus 
dark cloud 
complex 


The information is preliminary; analysis continues. Error carcles for 
positions have radii between 0.5° and 20°. With the exception of 
CG263-2 source intensities (> 100 MeV) are within the range 0.2 to 1.0 
times that of CG185-5. Spectral clarification s based on the relative 
numbers of photons detected in the ranges 50 to 150MeV and 
>150 MeV. The pulsar identifications are confirmed by timing phase 
analysis. Sources marked X are located in complex regions where more 
detailed analysis is needed to provide information additional to that 
given in the first Cos B catalogue. 
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Fig.6 Modified from Stecker??, the smooth lines being the result 
of an unfolding of y-ray line intensity data assuming cylindrical 
symmetry of y- ray emissivity in each half of the galaxy. (Compare 
also Strong et al.**). The histogram represents the source function 
of Lyman continuum photons after Mezger"^, if 3x 10!! Lyman 
continuum photons are produced per y ray >100 MeV. 


Figure 4 shows that the Lyman continuum population has nearly 
the same apparent brightness for the longitude interval /"= 
180°+ 80°. Two Cos B observation periods" centred at /" = 
126° and 185? fall within that longitude. During each viewing 
period, an angular interval of ~0.6rad in longitude was 
observed. 

There are six point sources with, five without the Crab 
in both angular intervals (including one source at b"=7°), 
leading to a contribution of point sources of 1.4x10 
photons »100MeVcm^"s' with, and 10^ photons 
7100 MeV cm ^s"! without the Crab. In both regions, an 
angular width of ~1.2 rad was scanned, thus the line source 
contribution of point sources is ~10°° photons 
7100 MeV cm? s^! rad™. 

One may now scale the number of y-ray point sources and 
their apparent brightness according to the stellar birth rate, that 
is the apparent brightness of O-stars as given by the solid line of 
Fig. 4. This line has been normalised to the value of —10 ? 
photons 7100 MeV cm ? s^! rad“! at the two viewing directions 
of Cos B used above. Figure 4 shows that the flux of these point 
sources can fully explain the shape and enhancement of the 
y-ray line source towards the galactic centre. 

On the other hand, one may argue that it is the cosmic-ray 
density that scales like the stellar birth rate, and not the number 
of y-ray point sources. In the regions of normalisation used 
above, the contribution of cosmic ray interactions with inter- 
stellar matter is of the order of 1.3x10 ? photons 
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7100 MeV стг? s^! rad! (ref. 14) if one takes account of the 
latitude range |b"|<6°. The average contribution of point 
sources to the combined flux of ~2.3 x 107° is then 43%. Had 
the distribution in apparent brightness for O-stars been fittéd to 
the value for cosmic ray produced y rays alone, a value of 
9 x 10? photons cm ? s^! гаа”! would have been predicted for 
the galactic centre region (somewhat high (Fig. 4)), and 1.6x 
107* photons cm ? s^! rad", if one had normalised to the total 
flux of 2.3 x 107° (much too high; see Fig. 4). 

Thus one may scale only one of the twe components, cosmic 
ray interactions or point sources, but not both. Therefore, one 
will have to argue either (as refs 14, 33, 35-37, for example) that 
the point source contribution remains at a comparatively low 
level throughout the galaxy, and the y-ray emissivity through 
cosmic-ray matter interactions scales like the stellar birth rate, 
or one may hypothesise that the y-ray point sources are cor- 
related with the stellar birth rate which then requires that the 
cosmic ray produced y-ray emissivity remains at a low and 
perhaps even constant level throughout the galaxy. If one 
considers the consequences of the second hypothesis, that it is 
the point sources which follow the stellar birth rate, then 7-8 
y-ray point sources would have been expected to lie within the 
Cos B viewing direction centred at 74°, while only three have yet 
been discovered’’, and 14 should have been visible during the 
observation period centred at 322°, yet again only three have 
been seen”. 20 point sources would be expected from an 
Observation period directed towards the galactic centre. As the 
longitude interval of any Cos B observation period is only ~30° 
wide one can clearly understand, why the y-ray instrument 
cannot resolve these sources. Also, the large number of sources 
that are expected to lie within any viewing direction may account 
for the fact that the energy spectra as measured by Cos B do not 
change significantly as a function of galactic longitude’. 

Hermsen et al.” argued that the individual y-ray point source 
has a luminosity of z 10? ergs"', then approximately 5,000 
point sources in the entire galactic disk are required to produce 
the bulk of the 10“ photons s^! above 100 MeV that the galaxy 
emits. 

The considerations made above, of course, just demonstrate a 
possibility, albeit an interesting one. They are, first limited by 
statistics as there is a 40% error in six point sources. Second, it is 
a hypothesis that y-ray sources are correlated to the stellar birth 
rate and thus to the population of O-stars, and that in addition 
such a correlation can be extrapolated from the outer regions 
I" = 180° + 80? to the entire galactic disk. 

On the other hand, the suppositions made here provide a 
powerful stimulus for further observational and theoretical 
investigations if such a correlation can be substantiated, and 
what the physical reasons behind it are. 

I thank G. Kanbach, J. Trümper and A. W. Wolfendale for 
helpful discussions. 
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A new atom identification and detection technique for 
ultrasensitive mass spectrometry has been applied to the 
radionuclide Cl. Measurements of the "*CI/CI ratio in 
AgCl precipitated from six different natural water samples 
fell in the range 1.2X 107 0-2x 107"? with a background 
level below 3 x 10, For each sample 70 mg of AgCl was 
used, requiring 1—5 l of water. 





CHLORINE-36, the longest lived radioactive isotope of 
chlorine, is continuously being produced in the atmosphere. In 
contrast with atmospheric '*C, which forms a large reservoir as 
gaseous СО,, °C] leaves the atmosphere in rain and enters the 
hydrosphere directly. Due to the low rate of exchange with 
solids, the soluble chlorides containing '*Cl form an effective 
tracer in groundwater hydrology, and it has been suggested that 
the 308,000 yr half life would make it a promising clock for a 
chronology that could cover the entire Pleistocene era’. 
Recently, the advantages of using ?°С1 to study groundwater 
were stressed? in connection with establishing the suitability of 
underground sites for the storage of nuclear wastes. However, 
before a "Cl chronology can be established, the origin and 
production rates of Cl must be determined accurately and the 
measured concentrations related to hydrogeological and 
palaeoclimatological data. Such detailed and difficult studies 
should be stimulated by a demonstration here that ?°С1 can be 
detected in small samples with sufficient sensitivity. 

The few measurements of *°Cl in environmental samples 
published to date have been made by counting В emissions from 
the radioactive decay. Such experiments are difficult because of 
the low counting rates resulting from the long half life of "СІ. In 
addition, it is difficult to distinguish the B rays of *°Cl from those 
of trace quantities of other radionuclei in the sample because of 
their low energy’. Tens of grammes of chloride taken from 
thousands of litres of water are required to give counting rates 
distinguishable above the background and even then counting 
times as long as a week are required. This article describes the 
first successful application of the Rochester MP tandem van de 
Graaff accelerator system as an ultrasensitive mass spec- 
trometer* to the problem of determining the ?°С1/С1 ratio in 
tens of milligramme chloride samples taken from 1 to 51 of 
water from various sources. For the 45 mg background sample 
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of zone refined AgCI! reagent a concentration of <3 x 1075 was 
determined, equivalent to an activity of about 1 8 ray yr^*. 

To use ?5C1 for dating groundwater, the input of ^C] must be 
determined for a region and assumed to be relatively constant in 
the past. Atmospheric *°Cl originates from interactions of 
cosmic rays and their secondaries with “Аг and "Cl, from 
nuclear explosions, and possibly from the influx of meteoric 
dust. At the surface of the Earth *°Cl is produced through the 
activation of '5Cl by cosmic ray secondary neutrons and in the 
subsurface by neutrons from the natural radioactivity in 
uranium and thorium deposits’. To use the '*CI/CI ratio, the 
dilution from old chlorine must also be understood. Atmos- 
pheric chlorine arises primarily from ocean spray, while addi- 
tional chlorides enter groundwater from dissolution of salt 
deposits. Measuring the '5CI/H;O ratio instead of the *°C1/Cl 
ratio corrects for an unknown dilution by old chlorine, but 
uncertain precipitation and evaporation rates complicate the 
analysis. Although some progress has been made in predicting 
quantitatively the above origins of 3C] and Cl in water, it is 
beyond the scope of this paper to discuss them in detail. 

The samples studied, listed in Table 1, were chosen partly to 
cover a wide range in expected *°Cl content and partly for 
reasons of convenience. the Rillito River sample, taken from a 
well near an ephemeral stream, is largely runoff from recent 
rainwater and is therefore expected to contain a high "CI 
content from nuclear explosion tests. In an attempt to exclude 
the bomb input source, a sample was obtained from a deep well 
near Tucson, Arizona that had been estimated? by means of 
tritium and '^C analyses to be more than 2,000 yr old. As 
dilution from old salt deposits was also expected to be low, the 
ЗС СІ ratio in this sample should provide a direct indication of 
the cosmic ray production rate in the atmosphere—the most 
important result required for establishing a “°Cl chronology. 
Also studied were two samples from the Lake Ontario water 
intake of Eastman Kodak, a reagent grade sample that presum- 
ably originated in a mine (and thus should contain little Cl, 
and two samples artificially enriched in "CI. 


Separation and identification 
of interfering isotopes 


The methods and results for atom identification and detection of 
"^C in natural samples were discussed in detail at a recent 
conference on radiocarbon dating’, where the first detection of 
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3C], using a tandem accelerator’®, and an attempt to detect СІ 
using 8 cyclotron!! were also reported. The present apparatus 
(Fig. 1) incorporates some important improvements over that 
used for the !^C measurements” which were found to be neces- 
sary to resolve the more closely spaced isotopes at the higher 
mass. An advantage of accelerating CI to energies above 
1 MeV АМИ! is that the atomic number Z can be identified by 
measuring the rate of energy loss of the ion. This Z deter- 
mination, combined with the usual selection of a specific mass- 


to-charge ratio M/q with a combination of magnetic and elec- ' 


trostatic analysers, allows complete and unambiguous isotope 
identification without the severe loss in sensitivity typical of 
conventional high-resolution mass spectrometers. Although this 
analysis is adequate for positive identification of *Cl, in prac- 
tice, the counting rate in the detector arising from trace impuri- 
ties in the sample was high enough to produce gain shifts in the 
detector and produce tails that overlap the С] peak. 

The basic limitation in measuring small concentrations of С] 
with mass spectrometers is due to the necessity of separating 
3C] from the isobars Аг and 25 and from mass 36 molecules. 
Although chlorine readily forms stable negative ions, which is a 
requirement for acceleration in a tandem van de Graaff, argon (a 
noble gas) does not. No evidence was seen for argon in the 
detector («1 argon atom per 10'* chlorine atoms) indicating 
that either Аг is not produced in the caesium sputter source or 
that it does not have a lifetime sufficiently long to reach the 
tandem terminal as a negative ion. Sulphur, however, forms 
negative ions almost as readily as chlorine, so, with a 25 
abundance of only 0.014%, a one p.p.m. sulphur impurity 
produces an interference at the 1077? level. The great sensitivity 
of the present technique is illustrated by the fact that a 1 p.p.m. 
concentration, considered very low for a sulphur impurity, 
would still result in a 25 count rate of 300 c.p.s. for typical 
conditions in this experiment. The range separation technique'^ 
is not applicable because sulphur has the longer range so that 
special sample preparation techniques were necessary to 
reduce the sulphur content to « 10 p.p.m. In addition, the 
heavy-ion counter’? was modified to give а '5S rejection rate of 
better than 10° to 1 (see Fig. 2). 

Although interference from mass-36 molecules was elimin- 
ated by choosing a high charge state from the post-acceleration 
analysis system, atomic fragments that result from breakup of 
the mass-36 molecules at the terminal are not separable from 
Clin the magnetic and electrostatic analysers if they happen to 
have the same value of M/q after acceleration as the “C1 ions. 
For example, the "C5 molecular ion, known to be produced in 
nA quantities’? by sputter sources, will behave exactly as “CI 
in electric 'апа magnetic fields when stripped to '7C** in the 
terminal. Although these carbon ions could be distinguished by 
their energy loss in the detector, the counting rate would be 





Fig. 1 Diagram of the apparatus used for 'C] measurements. 
From 5 to 13 pA of Cl” ions were produced from AgCI or NaCl 
samples in a caesium sputter source (model 834 HICONEX, 
General Ionex Corp.) the mase-36 negative ions were analysed by a 
magnetic inflection system (M/ AM = 25), accelerated to 170 KeV, 
then injected into the Rochester Mp tandem accelerator. At the 
terminal, which was held at 10.00 MV by a generating voltmeter 
stabilisation system. the ions were stripped of several electrons by 
argon gzs, then accelerated again to ground potential. Charge state 
7, mass 36 ions with E = 80.17 MeV were selected by a 90° magnet 
(P/AP =600), bent by a 45*magnet (which served to eliminate 
scattered particles), deflected 10° out of the horizontal plane by 
electrostatic plates (Е/ АЕ = 200), and then analysed by a heavy- 
yon ionisation counter!?. By increasing the infection magnet and 
analysing magnet fields the *’Cl beam could be switched onto the 
Faraday cup following the analysing magnet—the beam current 
measured here was used for normalisation. 


excessive even for a very low level of carbon impurity. This type 
of background can be eliminated by choosing a charge state that 
has no common factor with 36, that is 5, 7, 11, 13 or 17. For 
10 MeV chlorine in argon gas, the charge-state distribution 
peaks near 6 with a full width at half-maximum of about 3 charge 
units’*, thus leaving 5 and 7 as the only good choices. Charge- 
state 7 was chosen for its higher energy (80 MeV as opposed to 
60 MeV for charge-state 5) allowing better separation from *S 
in the detector. 

Other potential sources of interference are ???7С1 ions which 
are injected into the tandem from tails of the intense °СІ- 
beams at the ion source because of the limited resolution of the 
inflection magnet (??С1 can also be injected directly as Н?°СІ-). 
Although most of these ions will leave the tandem at discrete 
energies that are not selected by the 90° analysing magnet, some 
will charge exchange a second time in the residual gas of the 


Table 1 Results for °C] measurements 


Total 
run Total Number *C1/H,O 
tme a of Concentration ivi с/н„О (х1 
Sample (min) counts runs %ay/cyx10%)  (dp.um.—kg C) (mg 1) (atoms! 1) 
Groundwater, Ко River (ephemeral), AZ 90 7,681 7 1,950+ 150 145 48 1,600 
Surface water, San Pedro River, Tombstone, 

AZ | 204 8,916 13 650+110 48 4-12 ~90 
Groundwater, flowing well in St David, AZ 68 2,403 7 400440 30 8 53 
Subsurface water, Lake Ontarlo, NY (May, ' 

1978) 41 2,062 4 210£20 15 27 95 
Subsurface water, Lake Ontario, NY (June, 

1978) 172 4,555 . 9 120+20 9 27 54 
AgCl reagent, zone refined 57 32 3 3+1 0.2 -— — 
МАС] enriched to 'C1/C1& 33,000 x 10775 13 21,799 2 18,5002: 900 1,320 = = 
NaCl above diluted to *CI/C1& 330 x 10715 58 975 4 250+30 18 = = 





Although a few hundred mg of AgCI was obtained from the natural water samples, only 16-66 mg was used in the ion source, and most of this 
remained after the experiment. Errors quoted are one standard deviation for several measurements. Specific activity 18 that expected based on the “C1 
concentration measured. The approximate total chlorine concentration in the original water sample is given in the next to last column, followed by the 


HC concentration. 
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Fig. 2 Two-parameter logarithmic spectra for single runs on: а, a 
sample from Lake Ontario; and 5, zone refined reagent grade 
AgCI. To help remove the effect of a high-energy tail arising from 
the Landau-Symon effect’® on the intense 364 peak in the energy 
loss spectrum (not shown), the heavy-ion counter!” was modified to 
include four energy loss (AE) plates and a smaller residual energy 
(Ej) plate. In the computer, a digital window was placed on each of 
the first three AE signals at the expected location of зе This 
reduced the effect of the tails since the high energy-loss events that 
produce them are not correlated among the different AE 
measurements. The events passing the three AE gates and an 
additional hardware E; gate were plotted on the two parameter 
display of E, against E shown. The long 366 tail results from lower 
energy particles scattered into the counter. The zero has been offset 
on each axis. 


acceleration tubes to produce ***’Cl ions with the same 
momentum and charge state as the *°Cl ions. With only the 
МЕ/ а? selection of magnetic analysers (all that is normally used 
with accelerators) the "Cl count rate was about 10° c.p.s. The 
intensity of this continuum was reduced more than 5 orders of 
magnitude with the E/q selection of an electrostatic analyser 
installed for these ?°С1 measurements (see Fig. 1). The remain- 
ing ?*?"Cl ions were easily resolved from *°CI in the detector. 


Results and discussion 


The results are given in Table 1. Normalisation for the ?°С1/С1 
ratio was obtained by reading *’C’* beam current before and 
after each ?°С1 measurement. As this current could not be 
monitored continuously, the accuracy of a measurement was 
limited by any fluctuations in the source output and accelerator 
transmission efficiency. The standard deviation of the '*CI/CI 
ratios from several 10-20-min runs provided a measure of this 
uncertainty and was usually 10-15%, which is 2-4 times larger 
than the statistical error for single runs. In subsequent '*C 
experiments the cycle period was decreased to 3 min, and this 
uncertainty, when calculated for the mean of several cycles, was 
reduced to about 3%. There is no reason that this level of 
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uncertainty could not now be obtained for *°Cl, where 3% 
corresponds to an age uncertainty of 13,000 yr. 

The experimental method was checked by using two samples 
enriched in ?°С1: the first was made by exposing reagent grade 
NaCl (BDH, lot no. 81515-7203) to an approximately known 
neutron flux from the University of Toronto Slowpoke reactor, 
the second by dilution of the first. The measured ratio of '5CI 
content, 74+ 10, is in marginal agreement with the expected 
value of 100. This discrepancy would be resolved if the original 
reagent contained *°C] with a ?°С1/С1 ratio as low as 30x 1075 
(the *°Cl content of the reagent used was not measured and was 
assumed to be negligible when determining the dilution factor of 
100). A comparison between the absolute ?°С1/С1 ratios is not 
useful because of the not-so-well known neutron flux. Clearly, 
more calibration checks need to be made before detailed hydr- 
ology studies are undertaken. 

The low result for the zone-refined reagent-grade AgCl 
(Fisher catalog no. S174, lot no. 742272), demonstrating a 
sensitivity of three parts in 10", is probably the most significant 
result of this work. The sensitivity may be greater than this value 
as it could not be determined what fraction of the 32 counts 
collected was attributable to the "^S tail (see Fig. 2) or how much 
was due to cross-contamination from other samples in the ion 
source. Even when considered as an upper limit to the sensi- 
tivity, the result shows that this technique is adequate for dating 
samples with ages up to 6 half lives or 2 x 10° yr. Memory effects 
and cross-contamination were shown to be small because the 
non-diluted enriched sample was run for ~ 4h before experi- 
ments on the refined sample and so a dynamic range of almost 
10* was realised. 

Interpretation of the results for the neutral samples is difficult 
due to the present lack of detailed hydrogeological data, but H. 
Bentley helped us draw the following preliminary conclusions. 
Although the Rillito River sample was taken from groundwater, 
it is expected to be quite young—the higher СІ content prob- 
ably reflects input from nuclear testing in the atmosphere. 
Irrigation of nearby fields is indicated as the source of the high 
chloride content of the sample, and as this additional chlorine is 
atmospheric in origin, it may contain appreciable CL The San 
Pedro River sample, on the other hand, is from surface water 
that is fed by groundwater springs—the relatively low concen- 
tration of *°Cl may indicate that the bulk of this water is 
pre-bomb in origin. In contrast, the St David and Tucson well 
samples are certainly pre-bomb in origin?—these results should 
indicate the base atmospheric cosmic ray production for water 
that has not aged long compared to the ?°С1 half life. The Lake 
Ontario samples probably give a low ?°С1/С1 result because of 
dilution from the great quantities of de-icing salt'? used near the 
Great Lakes in the last decade. The **C1/H,0 ratio, not affected 
by the de-icing salt, is small compared to the Rillito river value 
because of the higher precipitation and lower evaporation rates 
in the Great Lakes region as compared to Arizona, 

In conclusion, the method described can be used to measure 
the СІ concentration in а 100-mg sample of AgCI with an 
uncertainty of « 1096 in less than 1 h. This performance should 
be adequate for studies using *°Cl as a tracer in groundwater 
hydrology. Among other geophysical dating applications likely 
to benefit from the new technique is the study of deep ice core 
samples in Greenland and Antarctica". Also, important 
information about the cosmic ray containment time within the 
Galaxy can be inferred from the number of the long-lived 
radionuclides ‘Be, АІ, *°Cl, апа '7°J present in the cosmic ray 
flux??, The concentration of these isotopes in Moon rocks” or 
meteorites?’ might be indicative of that flux, and a depth profile 
may give information on the cosmic ray energies. 

We thank T. S. Lund and the rest of the NSRL staff for 
technical assistance, and Henry Lee, for experimental assis- 
tance, also Harold Bentley, for four Arizona samples, and 
Kenneth Harbison (Eastman Kodak) for preparing the fourth 
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Sm-Nd isotope systematics of Lewisian gneisses from 
North-west Scotland suggest that their igneous calc-alk- 
aline precursors separated from previously undifferentiated 
mantle 2,920150 Myr ago. Approximately 200 Myr 
elapsed before this material was finally differentiated and 
stabilised as granulite and amphibolite facies crust. 





DURING the past decade, measurements of Sr-, Nd- and Pb- 
isotope ratios have demonstrated that ancient crustal segments 
are, in general, stabilised shortly after the separation of their 
igneous precursors from the mantle. For example, the initial 
"'Sr/"^Sr ratios of the gneisses comprising many Archaean 
crustal segments are found to be close to the estimated mantle 
876г /866т ratio for the time of their stabilisation, an observation 
which precludes more than ~ 100-200 Myr (refs 1-5) residence 
in a high Rb-Sr crustal environment. These conclusions, which 
are generally accepted amongst isotope geochemists, sometimes 
seem contrary to the geological complexity of such regions, as 
deduced from field observations and from the substantial geo- 
chemical changes which the igneous precursors must have 
experienced before they became structurally and thermally 
stable continental crust. Notable amongst these latter changes is 
the marked depletion of heat-producing elements (K, U and 
Th)" and some other lithophile trace elements? in granu- 
lite facies rocks. 

The time interval between the initial generation of sialic 
material from the mantle and the eventual stabilisation of 
continental crust, during which these latter geochemical changes 
occurred, can only be broadly constrained by Rb-Sr and U-Pb 
techniques as indicated above. However, the successful appli- 
cation of the '" Sm-'*Nd system to the dating of Archaean 
rocks"? indicates that a combination of Sm-Nd, U-Pb and 
Rb-Sr studies may produce the time resolution required. The 
considerable amount of Rb-Sr (refs 4, 20-24) and U-Pb (refs 4, 
10, 11, 24-26) geochronological data already existing for the 
Archaean Lewisian gneisses of North-west Scotland makes this 
a favourable location for an attempt to resolve this time interval. 

The Lewisian gneiss complex forms the western foreland to 
the Caledonian orogenic belt, and crops out on the mainland of 
North-west Scotland, on the Outer Hebrides and several of the 
islands of the Inner Hebrides, and as large deformed slices 
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within the Caledonian belt itself. Detailed geological field 
studies beginning with Sutton and Watson’, geochemical stu- 
dies'**°, and numerous geochronological investigations using 
K-Ar (refs 24, 28, 29), Rb-Sr (refs 4, 20-24) and U-Pb (refs 4, 
10, 11, 24-26) techniques have served to subdivide the Lewisian 
into three main regions. The central region contains pyroxene 
gneisses which have crystallised at high temperatures and 
pressures?' ??, and which record structural and chronological 
evidence for the earliest (Scourian) granulite facies metamor- 
phism —2,700 Myr ago. The northern and southern regions are 
composed mainly of amphibolite facies gneisses whose rela- 
tionships with the central region granulites have been consider- 
ably discussed, but are now widely regarded as having occupied 
an initially higher structural level in the crust than the granu- 
lites??, The amphibolite facies regions record evidence of two 
later periods of deformation, metamorphism and igneous 
activity at —2,200 Myr (Inverian) and ~1,700 Myr (Lax- 
fordian). These metamorphic events have locally affected the 
central region granulites causing retrogression to amphibolite 
facies mineral assemblages ^?*, The samples used for this study 
came from the central region, near the village of Drumbeg, 
Assynt, and from the northern region, near Rhiconich, and have 
been described elsewhere 5??25, 

Of the large amount of geochronological data which now 
exists for various components of the Lewisian complex, the 
more pertinent recent data of reasonable precision are sum- 
marised in Table 1. The three zircon suites analysed by Pidgeon 
et al.7*?5 yield U-Pb concordia-discordia intercept ages that are 
almost within error at 2,700 Myr. This age is interpreted as 
dating zircon growth during Scourian metamorphism. These 
data define lower intercept ages corresponding to well-defined 
geological events, namely the Laxfordian and the Caledonian. 
Zircon data from Lewisian gneiss in the northern region, near 
Durness?* are enigmatic, giving an older concordia~discordia 
age of 2,810: 50 Myr and a lower intercept age of 1,040 + 
50 Myr. 

The Pb-Pb and Rb-Sr whole rock ages for Lewisian gneisses 
in Table 1, though of poorer precision, agree with the Scourian 
ages obtained from zircon studies. 


Sm-Nd systematics 


The Sm and Nd contents and '"Nd/'**Nd ratios (Table 2) have 
been measured on 11 samples of Lewisianorthogneiss including 
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Table 1 Lewisian geochronologic data 





Age* 
(10? Myr) Samples Locality Method Ref. 

2.63 0.14 Whole-rock amphibolite facies Southern Outer Hebrides Rb-Sr 4 
gneisses 

2.60::0.12 Whole-rock amphibolite facies Southern Outer Hebrides Pb-Pb 4 
gneisses 

2.86 + 0.20 Whole-rock amphibolite and Outer Hebrides and N, S and Pb-Pb 10 
granulite facies gneisses central regions 

2.68 + 0.06 Whole-rock granulite facies Scourie Pb-Pb 11 
gneisses 

2.81: 0.05 Zircon size fractions from quartzo-  Rispond, Durness, northern region  Concordia-discordia intercept 24 
feldspathic gneiss 

2.73: 0.01 Zircon size fractions from quartzo- Harris Concordia-discordia intercept 26 
feldspathic gneiss 

2.66 x 0.02 Two zircon suites from granulite Kylesku, central region Identical concordia-discordia 28 


facies gneisses 


intercepts 





* Errors are quoted at the 2c level. Ages here and in the text conform to the following decay constants: 
А2350] = 9.85 x 10719 yr! А2380 21,551 x 1071? yr; AV Rb = 1.42x 10 !! yr; A!" Sm 6.54x 10* 7 yr! 


both granulites and amphibolites. Previous major and trace 
element analyses of the Lewisian indicate an igneous origin from 
a plutonic suite with calc-alkaline affinities!*???*", Analytical 
procedures for the chemical separation and subsequent mass- 
spectrometric analysis of Sm and Nd have been described 
elsewhere ??. The Sm/Nd ratios are mostly less than the bulk 
earth value (0.31) (refs 17-19, 39, 40), corresponding to light 
rare-earth enriched patterns; however, two basic granulites are 
slightly light rare-earth depleted and have Sm/Nd ratios up to 
0.372. 

The data are plotted on a Sm-Nd evolution diagram in Fig. 1. 
The best fit line** has a slope corresponding to an age of 
2,920 +50 (20) Муг (417 =6.54х107'? уг!) and an initial 
ма Ма ratio of 0.508959 + 49 (2a). All the gneiss samples, 
irrespective of locality or metamorphic grade, conform closely 
to the best-fit line indicating that their igneous parent materials 
were derived contemporaneously and from source materials of 
similar history. 

The Sm-Nd age obtained is significantly older than reliable 
ages obtained by whole-rock Rb-Sr and Pb-Pb and zircon U-Pb 
methods (see Table 1). The Pb-Pb and Rb-Sr data on whole 
rocks are consistent with a short time interval between forma- 
tion of the igneous precursors and their chemical differentiation. 
The Sm-Nd age demonstrates that this is close to 200 Myr and 
the age is thus interpreted as the time of mantle-crust differen- 
tiation to produce the calc-alkaline precursors to the Lewisian. 
Specifically the time interval between the Pb-Pb and Sm-Nd 
whole-rock ages, AT na-pp, is equal to 240 +90 Myr (uncertain- 
ties in the decay constants used should not significantly change 
this value). 


ННН 
Table 2 Sm-Nd* data оп Lewisian gneisses from the granulite facies zone (Drumbeg, Assynt) and the northern amphibolite facies zone (Rhiconich) 


Present day oceanic basalts exhibit a wide range of Nd 
compositions’? “94245 with '?Ngd/'*Nd ratios between 
0.51251 and 0.51329. This variation implies the existence of 
long lived mantle heterogeneities in Sm-Nd and an overall light 
rare-earth depletion (Sm/Nd > chondritic 5) of oceanic upper 
mantle. The volume of mantle differentiated to produce the 
continental crust, the rate of crustal growth and the magnitude 
of the concomitant preferential light rare-earth (Sm/Nd < 
chondritic) enrichment into the crust are critical aspects of the 
history of present-day mantle heterogeneity. The precise timing 
of crust-mantle differentiation events and the evolution of 
radiogenic isotopes before such events would provide powerful 
constraints on solutions to these problems. We have shown that 
mantle-crust differentiation may be precisely dated by the 
Sm-Nd method. Furthermore, inferences concerning the pre- 
vious Sm-Nd environment may be made from the correspond- 
ing initial " Nd/'^*Nd ratios. 

From Sm/Nd and '?Nd/'"Nd ratios determined on 
Archaean single whole-rocks of known age, DePaolo and 
Wasserburg?? ^? suggested that Archaean continental crust had 
grown by differentiation of mantle sources that had previously 
evolved with an approximately chondritic Sm/Nd ratio. On an 
age against initial ''^Nd/'*^Nd ratio plot (Fig. 2) their data plot 
close to a model growth line defined by the chondritic Sm/Nd 
ratio of 0.31 (ref. 46) and a "^Nd/'^*Nd ratio (0.50682) (ref. 47) 
equal to that in the Angra dos Reis achondrite at 4,550 Myr ago. 
Their contention has been strongly supported by the Sm-Nd 
whole-rock isochron studies of Hamilton et al." '° on Archaean 
igneous rock suites. The ages and initial '**Nd/'**Nd ratios 
obtained by the latter also plot close to the chondritic growth 





Rock type, locality (grid. ref.) Sample 
Basic gn.*, Drumbeg (NC128327) 7D 
Gt-basic gn., Drumbeg (NC107332) 8X 
Basic gn., Drumbeg (NC113340) 7N 
Tonalitic gn., Drumbeg (NC099325) 12F 
Tonalitic gn., Drumbeg (NC136312) 14F 
Tonalitic gn., Drumbeg (NC165319) 15M 
Tonalitic gn., Drumbeg (NC094328) 18T 
Tonalitic gn., Drumbeg (NC193336) 19X 
Granodioritic gn., Rhiconich (NC2805 10) 5218 
Granodioritic gn., Rhiconich (NC260530) Non 


Tonalitic gn., Rhiconich (NC220540) 


* Al ratios atomic. tgn., gneiss. 


Sm Nd 

(p.p.m.) (p.p.m.) Sm/Nd азма Nd +20 
1.749 5.366 0.1960 0.512756 x 24 
2.138 5.480 0.2346 0.513518 x 30 
2.289 8.064 0.1707 0.512195 +30 
2.146 11.92 0.1082 0.511006 + 34 

10.33 83.81 0.0741 0.510376 x 20 
2.554 17.54 0.0875 0.510634 x 32 
2.650 15.46 0.1030 0.510962 +28 
3.062 23.75 0.0775 0.510501 +24 
7.694 41.05 0.1127 0.511143 +26 
5.776 39.87 0.0871 0.510638 +30 
5.631 33.88 0.0999 0.510902 + 36 
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line (Fig. 2), with Sm/Nd ratios computed for the time intervals 
from mantle-crust separations to 4,550 Myr being within error 
of 0.31. The time integrated Sm/Nd ratio for the igneous 
precursors to the Lewisian is 0.311 x4. 

Several studies”, including the present one, indicate that 
crustal metamorphism does not result in significant fractionation 
of Sm and Nd or perturbation of Sm-Nd isotope systematics. 
The major fractionation of Sm and Nd during Earth evolution is 
thus through the initial differentiation of the crust from the 
mantle. Using this fact and assuming differentiation of Archaean 
crustal segments from a chondritic Sm-Nd mantle environment, 
McCulloch and Wasserburg" computed model Sm-Nd ages 
from Sm/Nd and “*Nd/'“Nd ratios measured on composite 
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Fig. 1 Sm-Nd evolution di for the Lewinan gnessses. 
Age = 2,920+ 50 Myr, initial !*"Nd/!*^Nd ratio = 0.508959 +49. 


Canadian Shield samples. The model ages of 2,700-2,500 Myr 
agree with the available geological ages and give evidence of the 
derivation, within a short time interval, of a major crustal 
segment from essentially chondritic Sm-Nd reservoirs. 


Differentiation of continental crust 
and granulite formation 


: Whole-rock Pb-Pb data*’*" for Lewisian granulites indicate 
that depletion of U (and by inference of Th) and alkali elements 
(K, Rb, Cs), continued to 2,700 Myr some 200 Myr after 
separation of the parent material from the mantle. The low 
concentrations of K, Rb, Cs, Th and U in Lewisian granulites 
(and possibly many other Precambrian granulites*') are not 
primary features of their igneous precursors, but are the result of 
metamorphic purging of these elements from the lower crust 
during a time interval of ~200 Myr. The characteristic depletion 
of alkali elements in granulites results in low Rb/Sr ratios, often 
lower than the bulk earth value (0.03) (refs 32, 33). This is 
particularly true for the Lewisian samples which have Rb/Sr 
ratios averaging about 0.02 (ref. 14). In contrast, amphibolite 
facies components of the Lewisian hàve Rb/Sr ratios higher 
than the bulk earth value. For example, the amphibolite facies 
gneisses studied by Moorbath et al.* have an average Rb/Sr of 
0.4. The initial "Sr/*^Sr ratio of.0.7014 at 2,670 Myr obtained 
for these samples requires a time-integrated Rb/Sr ratio in the 
interval 2,920-2,670 Myr which is about an order of magnitude 
lower at ~0.03 but is still. higher than that for the granulitic 
gneisses. Thus the amphibolitic gneisses may have acquired their 
high Rb/Sr ratios as a result of metamorphism and crustal 
differentiation. It seems feasible that some of the alkali elements 
lost from the granulite facies rocks during metamorphism 
migrated to higher structural levels. _ 

Comparative rare-earth element (REE) abundance studies of 
granulite and amphibolite facies rocks ^*^? indicate that REE are 
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not substantially fractionated by even high grade metamorphism 
and the data included here are in accord with these observations 
(see Table 2). Furthermore, the strong light REE enrichment 
seen in Lewisian granulites of acid to intermediate composition 
is compatible with their calc-alkaline neture and is not readily 
reconcilable with the theory that the heat producing and some 
other lithophile trace elements were removed in a partial melt as 
suggested by Fyfe”. Not only would such a mechanism tend to 
leave a residue with less fractionated rere-earth patterns than 
observed for most Lewisian granulite facies gneisses, but it 
would also tend to eradicate the isotopic evidence for earlier 
events. Crustal differentiation through upwards migrating non- 
magmatic fluids as proposed in more specific ways by Heier‘ and 
by Tarney and others"? is supported by this study. On the other 
hand, the gross extension of such models to remove heavy rare 
earth and other elements from the Archaean lower crust by 
hydrothermal fluid transport, as recently proposed by Collerson 
and Fryer™, is not supported by the Nd isotope data. 

Is the time interval, AT ya рь = 240 +90 Myr, (during which 
crustal differentiation and stabilisation cf granulites occurred), 
compatible with simple thermal consideratioris? To determine 
this we have assumed that within the interval AT рь the 
Lewisian crust can be modelled as a semi-infinite solid, contain- 
ing 1 wt %K, (a conservative estimate), and K/U ^ 10* and 
Th/U=4 by weight.. Phase equilibrium considerations??? 
indicate that at the end of this time interval the granulites were at 
a depth of at least 35 km, corresponding to a pressure of 
—10* №2 (1GPa) and a temperature of —1,100 K. If the 
temperature distribution in the Lewisian 2,920 Myr ago is 
conservatively estimated as increasing linearly with depth to 
570 К at 35 km and it is further assumed that the heat input from 
the mantle is zero, then the subsequent temperature distribution 
as a function of time can be readily computed. For values of the 
conductivity and thermal diffusivity of 3.3 W m"! K ! and 1.6x 
10 5 m? s^, respectively™, it is found that the temperature at 
35 km depth increases to 1,150 K after 50 Myr (2,870 Myr ago) 
and to 1,570 K after 100 Myr (2,820 Myr ago). This result 
indicates that extensive melting of the lower crust, even under 
anhydrous conditions, would occur by 2,820 Myr, unless the 
heat-producing elements migrated to Higher structural levels 


'43Nd/'4+Nd 





2,000 3,000 4.000 
Time (Myr) 


Fig. 2 Initial '9Nd/'Nd ratios of Archaean rocks plotted 
адашы age determined from whole-rock wochron data. Line 
represents growth of “°Nd/'“Nd in a chondritic reservoir which 
had a '^*Nd/'^*Nd ratio of 0.50682 at 4,550 Myr ago Data from 
DePaolo and Wasserburg ^^^, Hamilton et 21.1771? and this paper. 
a, Amutsoq gneiss, Western Greenland; b, Preiusac-Lacorne 
granodiorite, Superior Province, Canada; c, Fiskenseseet anor- 
thosite, Western Greenland, d, Great Dyke, Rhodesia. 
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before this time. This conclusion holds for reasonable values of 
conductivity and thermal diffusivity and it should be emphasised 
that our estimates of K content and initial temperature dis- 
tribution are conservative and that the mantle heat input was 
equated to zero. From these simple thermal considerations we 
may conclude that to avoid extensive melting, heat producing 
elements must have commenced migration from the lower crust 
<100 Myr after crustal thickening. The mechanism of this 
migration is still not clear but did not involve a transport medium 
which would significantly affect the Sm-Nd systematics, as 
would a magmatic phase. 

The combined application of Sm-Nd, U-Pb and Rb-Sr 
systematics to ancient crustal terrains can provide important 
constraints on the early phases of crustal differentiation and 
stabilisation. This is a simple reflection of the markedly different 
mobilities of these elements during crustal differentiation pro- 
cesses. At least in the case of the Lewisian crust, the completion 
of metamorphic differentiation and granulite formation suc- 
ceeded the primary igneous differentiation of parent materials 
from the mantle by 240+ 90 Myr. The heat producing elements 
were transported to higher crustal leyels from where heat could 
be readily dissipated, and the granulite facies lower crust was 
maintained in a more refractory and thermally stable condition. 

This research was supported by grant EAR-75-20891 from 
the NSF. We thank G. Wesselmann for technical assistance. 
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Pc 1 Duarte, a common variant of a human brain- 
specific protein, is present in one-third of the control popu- 
lation and has a gene frequency of 0.17. There was a 
significantly increased frequency of mutant heterozygotes 
and homozygotes among individuals with depressive 
disease. This is consistent with a model in which Pc 1 
Duarte is the major gene in depressive disease, acting in 
conjunction with an environmental threshold effect. 





THE genetic basis of the major psychoses is poorly understood. 
In schizophrenia, twin, family and adoption studies clearly 
indicate the importance of genetic factors'?. The affective 
psychoses have been less extensively studied, but again ied 
and twin studies provide strong evidence of genétic factors" 

Proposed mechanisms for these psychoses include a single 
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autosomal dominant gene with reduced penetrance* ^, a single 
recessive gene! a predominantly recessive gene with an 
environmental threshold effect!?, polygeneic inheritance^?*! 
and in the case of manic-depressive psychosis, X-linked inheri- 
tance . 

Several years ago I began a search for the mutant protein in 
Huntington disease using two-dimensional gel electrophoresis 
of many different extracts of brain and other tissues. Although 
the mutant protein in this disorder has not yet been found, a 
perchloric acid (PCA) extract of the caudate and putamen 
showed a commonly occurring mutant protein, which I call Pc 1 
Duarte (ref. 17). By electrophoretic studies, it 1s absent from 
non-neural tissues and thus represents the first polymorphism of 
8 human protein specific to nerve tissue. Because this protein is 
prominent in the caudate and putamen, the major site of 
dopaminergic neurones believed to be involved in schizoph- 
renia!*!?, and because some genetic theories suggest a primarily 
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Fig. 1 Two-dimensional gel electrophoresis of PCA extracts of the caudate 
and putamen of homozygous normal (Pc 1 A/ Pc 1 A) (top) and heterozygous 
(Pe 1 Duarte/ Pc 1 A) (bottom) individuals. Frozen brain material was 
allowed to thaw and each gramme of tissue mixed with 3 ml of 0.13 M PCA 
plus 0.03 mi of phenylmethylsulphonyl fluoride (16 mg per ml ethanol). This 
was homogenised in a Teckmar homogeniser (Cincinnati) for 30-60 s. The 
homogenate was placed on a rocker at 4°C for 1 h then centrifuged 10,000 g 
for 20 min. The supernatant was dialysed against 0.05% S-mercaptoethanol 
for 4 changes then lyophilised. Electrophoresis was by the technique of 
O'Farrell** with the following modifications. Isofocusing was done in 3.7- 
mm i.d. Pyrex tubes with 12-cm long 5% acrylamide gel made from a stock 
solution of 25.5% acrylamide, 4.5% N'N"-diallytartardiamide. The final gel 
contained 9.5 M urea, 2% NP40 and 2% BioRad ampholytes (2 parts 3-10, 
6 parts 4-6, 4 parts 5-7, 1 part 7-9). The anode solution was 0.01 M 
phosphoric acid, the cathode solution 0.04 M NaOH, 0.02 М Ca(OH). The 
gels were electrophoresed at 500 V overnight. The pH gradient was read 
directly on the gel with a flat bed electrode. The second dimension was a 
12.5% acrylamide-sodium bicarbonate gel as described by O Farrell?^. 
After electrophoresis the gels were stained overnight in 0.05% Coomassie 
brilliant blue R dissolved in 10% acetic acid~25% isopropanol, destained for 
2 hin 10% acetic acid-2596 isopropanol, and destained an additional 24 hin 
10% acetic acid. The gels were photographed with contrast process Ortho 
Kodak film with a yellow filter. To determine the molecular weight of Pc 1 
Duarte, standards were included with sample in one gel and this compared 
with a gel without standards and with a gel of standards alone. 


recessive but common mutant gene, it was of interest to deter- 
mine if Pc 1 Duarte was associated with any of the major 
psychoses. Significant correlations were found with the depres- 
sive diseases and with multiple sclerosis. 


Electrophoresis 


Two-dimensional gel electrophoresis of the PCA extract of the 
caudate and putamen of anormal Pc 1 A/Pc 1A (AA) individual 
and a Pc 1 Duarte/Pc 1 A (AD) heterozygote is shown in Fig. 1. 
The critical portion of the gel in these two individuals plus a Pc 1 
Duarte homozygote (DD) are shown in Fig. 2 and the 
terminology is illustrated in Fig. 3. In the normal homozygote 
there is a major polypeptide, Pc 1 AI, and two minor satellite 
polypeptides, Pc 1 АП and АШ. In the variant the major 
polypeptide is exactly split to form an additional, more basic 
protein, Pc 1 Duarte I. The two minor satellite polypeptides are 
also split to form Pc 1 Duarte II and III. Faint polypeptides Ia 
and IIa migrate just ahead of both the normal and variant I and 
II. The splitting of three polypeptides into six in the presence of 
the variant indicates that AI, II and III all have the same 
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polypeptide sequence and the separation into three forms is due 
to post-transcriptional modifications. 

A single amino acid substitution leading to more basic mutant 
polypeptides explains the observed pattern. There was no cor- 
relation between this mutant pattern and drug intake, age, time 
from death to autopsy, or source of the brains. The patterns аге 
highly reproducible. Many samples have been run two to three 
times, some seven times, with the same result. 

There were approximately 20 major and 40 minor poly- 
peptides in the PCA extracts. None of the other polypeptides 
were polymorphic. The Pc 1 terminology (Perchloric acid 
extract) allows naming of Pc 2, Pc 3 and so on, as other 
polypeptides are studied. The protein was not present in PCA 
extracts of fibroblasts, liver, kidney, spleen or lung and thus 
seems to be nerve tissue specific. 

To examine the intracellular distribution of Pc 1 A, PCA 
extracts of various brain fractions were electrophoresed. Pc 1 A 
was present only in the 100,000g supernatant fraction, indicat- 
ing it to be a cytosol protein and not intimately attached to the 
nucleus, myelin, synaptosomes, mitochondria ог cell 
membranes. | 

To examine the distribution of this protein, PCA extracts of 
many parts of the brain were electrophoresed. Pc 1 A was most 
prominent in the caudate and putamen, thalamus, medulla, pons 
and brain stem. It was present in lower relative amounts in the 
temporal, parietal and occipital lobe and cerebellum. The 
portion of the brain with the lowest relative amount was the 
frontal cortex. It was present in brains of stillborn infants, 
indicating that it was not a developmentally late protein. There 
was no significant difference in the amount of Pc 1 A in grey 
compared with white matter. Its molecular weight is 19,300 by 
SDS-gel electrophoresis. Its isoelectric point in 9 M urea is 5.7, 
comparable to 4.2-4.7 in the absence of urea. 


Relation of Pc 1 Duarte to 
neurological disease 


To determine if this mutation was related to any specific 
neurological disease, brains from 276 individuals who had died 
of various disorders were examined (Table 1). In 103 controls 
dying of cancer, heart disease, accident and other non-neurolo- 
gical disorders, there were 28 heterozygotes and 4 homozygotes 
from a total of 32 carrying the Pc 1 Duarte mutant. In 49 
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Fig. 2 Critical area of the gel Pc 1 A/Pc 1 A homozygous ia), Pe 1 
Duarte/Pc 1 A heterozygote (b) and Pc I Duarte, Pc 1 Duarte homozygous 
(c) individuals. In the heterozygote three polypeptides are split into six. 





Table 1 Ре 1 Duarte m various neurological disorders 





Total % 
carrying 
Diagnoses a DJA % D/D * mutation 
Controls 
Without neurological dascese 103 28 272 4 3.9 31.1 
Huntington discase 49 16 327 0 00. 327 
Total 152 44 289 4 2.6 31.6 
Virus-essociated бмоеэсв ` 
MS 40 21 325 0 00 52.5 
SSPE 5 2 0 
AMLS 4 3 0 
Total ' 49 27 551 0 00 551 
Alrheunor disease 3 1 0 33.3 
schirophrenra 24 9 0 37.5 
Probeble schrrophrenza 6 1 0 14.3 
Total 30 10 0 33.3 
discese 
St Loum series 
Saiade, 15 6 400 3 20.0 60.0 
Suicide, manic depressive 8 4 1 
Suicide, alcoholic 5 3 1 
Total 28 13 464 5 179 642 
Other sources 
Suicide К 3 1 0 
Manic depressive 3 3 0 
8 5 0 
Total 14 9 64.3 0 0.0 64.3 
Total depressive discase 42 22 $24 5 119 64.3 
Total manic depressive il 7 636 1 9.1 727 


No % given with и lees than 10. MS, multiple scleroaw; SSPE," subacute 
sclerosing panencephalits, AMI S, amyotrophic lateral sdeross. 


individuals with Huntington disease there were 16 heterozy- 
gotes and no homozygotes. As this is a single gene disorder and 


Pc 1 is obviously not the affected gene, the Huntington disease . 


patients can be added to the other controls to give a total of 152 
individuals, with 48, or 31.6%, carrying the mutant gene. In 
these control individuals the gene frequency for the Pc 1 A 
allele, p, is 2x AA +AD/2N or 0.83, and the frequency of the 
Pc 1 Duarte allele, 4, is 0.17. The expected DD frequency, 4°, is 
0.029, which was not significantly different from the observed 
frequency of 0.026. 

A surprising aseociation was found with multiple sclerosis. Of 
40 individuals examined, 21, or 52.5%, were heterozygotes. 
Comparison with the above controls by the Chi square test gives 
an х? of 6.0 and P «0.025. Combination of multiple sclerosis 
with subacute sclerosing panencephalitis and amyotrophic 
lateral sclerosis, all apparently associated with viral infec- 
tions?^?^, gave a total of 27 heterozygotes (55.1%) in 49 cases. 
Here the Y? was 8.77 and P « 0.005. The relative risk” to Pc 1 
Duarte carriers of developing multiple sclerosis is 2.4. 

The mean age of the multiple sclerosis AD heterozygotes was 
50.1 (n = 20, s.d. = 13.3), whereas the mean age of the multiple 
sclerosis AA homozygotes was 47.9 (n —18, s.e.m. = 14.2). 
These are not significantly different. Thus, it cannot be said that 
the presence of the Pc 1 Duarte mutation leads to earlier, more 
scvere disease. The frequency among 30 definite and probable 
schizophrenics was similar to that in controls. 


Table 2 x^ and P valuce 





2 
x P 
For total % carrymg the Pc 1 Duarte mutation 
Virus-associated dascases 
Controls versus MS 602 «0.025 
Controls versus MS + SSPE + AML 877 <0 005 
Controls versus St Louis series 10 89 <0.001 
7.70 0 005 
Controls versus total deprossive discess 14 84 <0 0005 
For % DD homorygotes 
disoese 
Controls versus St Lous series 1154 0.001 
Controls versus total depressive безге 6 40 0.01 
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Because of some preliminary observations suggesting a high 
frequency of Рс 1 Duarte in manic-depressive psychoses, alco- 
holism and suicide, an effort was made to obtain more brain 
samples from individuals with depressive diseases. I obtained 28 
brain samples, part of a collection made over the years from 
individuals who had committed suicide. Medical and family 
records were examined and the individuals classified into sui- 
cide-alcoholic or suicide-depressive, depending on a set of 
criteria outlined by Feighner et al?5. Those who did not fit this 
classification or for whom insufficient information was available 
were not examined. Some of the suicide depressives were 
further classified as manic-depressive^*. The results are given in 
Table 1. There were no significant differences between the three 
groups, but in the total group of 28 there were 13 AD heterozy- 
gotes and 5 DD homozygotes. Thus, in this group, 64.2% 
carried the Pc 1 Duarte mutation and 17.9% were homozygous. 
As shown in Table 2, these figures are all significant, and for DD 
homozygotes in controls compared with the St Louis brains, 
P=0.001. Among suicides, manic depressives and chronic 
alcoholics from other sources, 9 of 14, or 64%, carried the Pc 1 
Duarte mutation. Of 42 total individuals in these groups, 52.496 
were heterozygous AD and 11.9% homozygous DD for a total 
of 64.3% carrying the mutation. These are all significantly 
different from the controls (Table 2). Within the manic-depres- 
sive group only, 73% carried the Pc 1 Duarte mutation. Based 
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Fig. 3. Nomenclature for the Pc 1 А (a) and Pc 1 Duarte (b) polypeptides. 


on the St Louis series, the relative risk of a DD homozygote 
developing depressive disease was 8.0; for the St Louis plus 
other series it was 5.0. 

As the mean age of the non-Huntington disease controls was 
52.6 (s.d. 18.5) and the mean age of the AD and DD individuals 
with depressive disease was 46.5 (s.d. 16.1), any age correction 
for the late onset of depressive disease would not increase the 
frequency of depressives among the mutant individuals. 

The data on sex and race for those on whom such information 
was available are shown in Table 3. As this includes all cases, the 
total frequency for Pc 1 Duarte is higher than that in the control 
group alone. The equal occurrence in males and females 
indicates that the gene is on an autosome. The equal occurrence 
in caucasians and blacks indicates that the gene has a widespread 
distribution and makes it unlikely that the increased frequency 
in depressive disease and multiple sclerosis is simply due to the 
presence of a subset of the population having both a high 
frequency of this gene and increased predisposition to these two 
disorders. 


The genetics of depressive disease 


There is a striking similarity between the results obtained here 
and the model of the genetics of schizophrenia proposed by Kidd 
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Table 3 Occurrence of Pc 1 Duarte according to sex and race 





% AD 

AA AD DD Total +DD 

Males 92 55 (36.4%) 4 (2.6%) 151 39.0 

Females 55 37 (39.5%) 4 (4.1%) 96 42.6 
Total 147 92 8 247 

Caucasians 93 59{38.1%) 3 (1.9%) 155 40.0 

Blacks 12 9 (40.9%) 1 (4.5%) 22 45.4 
Total 105 68 4 177 





and Cavalli-Sforza"". Although their model was for schizo- 
phrenia, the genetic aspects of the depressive disorders are 
similar. In both, studies of twins show concordance rates for 
monozygotic twins of 30-93% and for dizygotic twins of 0-24% 
(refs 3-5). The significantly greater concordance rate for 
monozygotic compared with dizygotic twins indicates that 
genetic factors play an important part, and the concordance 
rates of less than 100% for monozygotic twins indicates that 
environmental factors are also important. Both have a relatively 
high frequency in the general population, 0.3-2.9% for 
schizophrenia? and 0.6-3.3% for depressive disease**”**. Both 
show a frequency in first-degree relatives of 5-39% (refs 
3,4,29), significantly greater than in the general population but 
less than expected on the basis of a fully penetrant dominant 
gene. 

The basic element of the Kidd-Cavalli-Sforza hypothesis is 
that a single, primarily recessive gene is involved in combination 
with a threshold effect due to environmental factors, and the 
gene frequency is high. I have modified their Fig. 2 to represent 
AD heterozygotes and DD homozygotes (Fig. 4). According to 
this model, Pc 1 Duarte is the single major gene involved in 
depressive disease; most AA individuals are unaffected but 
some may be; AD individuals are at greater risk but the majority 
are unaffected; DD individuals are at greatest risk, but even 
here some are unaffected. The observed gene frequency is high, 
0.17. 

In the depressive diseases the gene would be less recessive 
than in the application of the model to schizophrenia. This 
conforms with the results of Mendlewicz and Rainer? in their 
application of the Kidd-Cavalli-Sforza hypothesis to manic- 
depressive disease. Depressive disease seems to be at least a 
partially heterogeneous disorder. The most common distinction 
is between monopolar (pure depressive) and bipolar (manic 
depressive) disease, but even here the genetic overlap is 
considerable ^29? 

Heterogeneity on the basis of response to drugs has also been 
suggested****. Although the incidence of AD and DD indivi- 
duals may be even greater in certain types of depressive disease, 
the subtypes of suicide-depressive, suicide-manic depressive 
and suicide-alcoholic were similar (Table 1). Of the 11 manic 
depressives, 9 were male; the two females were AD. The 
preliminary evidence suggesting a relationship between Pc / 


Fig. 4 Application of the Kidd-Cavalli-Sforza hypothesis!" to the present 
data suggesting that Pc 1 Duarte is the single major gene involved in 
depressive disease and acts in conjunction with an environmental threshold 
effect. See text. ЕЗ, AA individuals; &, AD individuals; 2, DD individuals. 
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Duarte and chronic alcoholism could explain some of the genetic 
aspects of this disorder 5?" and its association with affective 
illness?*. 


Multiple sclerosis 


The significant association of Pc 1 Duarte with multiple sclerosis 
and with other similar diseases such as subacute sclerosing 
panencephalitis and amyotrophic lateral sclerosis was intrigu- 
ing. These diseases are either clearly associated with viruses, as 
in the case of subacute sclerosing panencephalitis? 7^, or 
suspected of being so associated ?^. Studies of HLA genes" ^? 


show an association of HLA-A 1 and 3, B7, Cw2 and Dw2 with 
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Fig. 5 Possibilities for the linkage relationship between Pe 1 Duarte, the 

HLA locus and the multiple sclerosis susceptibility gene (M&SG), The 

MSSG mutation may have occurred on a chromosome carrying the HLA 

A-3, Cw2, B7, Dw2 haplotype. However, these associations with multiple 

sclerosis do not necessarily imply that these genes are all on the same 
chromosome. 


multiple sclerosis, the latter being the most significant. These 
data have suggested the presence of a multiple sclerosis suscep- 
tibility gene (MSSG) which is either the same as the Dw2 gene 
or linked to it. Figure 5 shows the possible relationship between 
the HLA loci, MSSG and Pc 1 Duarte. Pe 1 Duarte may be 
linked to the HLA locus but separate from the MSSG, which is 
either identical to Dw2 or linked to it (a and 5). Pc 1 Duarte 
itself may be the MSSG (c), or it may be unlinked to the HLA 
locus and only fortuitously associated with multiple sclerosis (d). 
Possibility c suggests that the presence of Pc / A Duarte may 
alter the host response to central nervous system viral infection. 
Possibilities a and b suggest that the high frequency of Pc 1 
Duarte in the population may have been due to the fortuitous 
Occurrence of this mutation on an HLA haplotype that for other 
reasons has been selected for. This could explain the persistence 
of a genetically disadvantageous disease associated with a 
mental disorder, at a relatively high level in the population. 

If the Pc 1 Duarte mutation is the major single gene in 
depressive disease and is associated with multiple sclerosis, one 
might expect to see an association between depressive disease 
and multiple sclerosis. I am unaware of such an association, 
although Shapiro et al^ report that a significantly higher 
percentage of patients with a family history of affective disorders 
had HLA-B7 (55%) compared to those without such a family 
history (1996) (Р = 0.001). This is consistent with possibilities a, 
b and c in Fig. 5. 

These studies suggest that a similar polymorphic gene inter- 
acting with environmental thresholds would account for most 
schizophrenia. We have examined marry different subfractions 
of the caudate, putamen and neocortex of schizophrenics and 
have not yet found a comparable mutation. 

The most difficult aspect of these studies is obtaining brain 
specimens. I would be pleased to receive frozen specimens from 
well documented cases of individuals dving of any behavioural 
or hereditary neurological disorder, especially schizophrenia, 
depressive disease, chronic alcoholism, hyperactivity syndrome 
in children, autism, tuberous sclerosis and the hereditary atax- 
ias. These would be examined both for Pr 1 Duarte and for other 
mutant proteins. 
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Mechanism of [3-айгепегеіс relaxation 


of smooth muscle 
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The mechanism of B-adrenergic relaxation was investiga - 
ted in isolated smooth muscle cells. B-adrenergic agents 
stimulate cyclic AMP-dependent phosphorylation, 
enhance Na* /K^ transport and induce relaxation. The 
stimulation of Na*/K* transport is obligatory for relax- 
ation, and we suggest that this stimulation induces relax- 
ation through enhanced Na* | Ca^* exchange. 





IT has long been recognised that catecholamines cause relax- 
ation of visceral smooth muscle’. Despite intensive studies, the 
biochemical and physiological events that translate this 
hormone signal into a change in smooth muscle tone are 
unknown. In other tissues, however, the events responsible for 
catecholamine actions are better understood. Since Sutherland 
and Rall suggested that cyclic AMP may serve as the intracel- 
lular mediator of the effects of glucagon and adrenaline**, 
considerable evidence has accumulated indicating that many 
catecholamine actions, notably those mediated by B -adrenergic 
receptors‘, are mediated by protein phosphorylations catalysed 
by protein kinases. These protein phosphorylations are a 
consequence of an increasé in' cyclic AMP brought about by 
В-вігепегріс stimulation of adenylate cyclase. The rise in cyclic 
AMP activates cyclic AMP-dependent protein kinase, which by 
phosphorylation of specific proteins, alters cellular functions 
such as glycogenolyasis, lipolysis and ion transport^". 

An analogous sequence of protein phosphorylations has been 
suggested to mediate §-adrenergic-induced relaxation of 
smooth muscle*?. As most evidence suggests that this relaxation 
results from a decrease in Ca^* availability ^!!, it has been 
further suggested that the protein phosphorylated by this 
mechanmm  either' directly or indirectly controls Са?” 
distribution*!?, Although this hypothesis is plausible, consid- 
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eration of the literature reveals that evidence for such a cascade 
in f-adrenergic-induced relaxation is equivocal for several 
reasons? ^, First, an increase in cyclic AMP does not always 
correlate with the relaxation induced by isoprenaline. In addi- 
tion, drug-induced changes: in cyclic AMP-dependent protein 
kinase have yet to be measured. Finally, uncertainty persists 
regarding the manner in which B-adrenergic agents affect Са?" 
distribution. Studies of isoprenaline action suggest effects on the 
distribution of Na* and K* (refs 16—19) as well as of Ca?* (refs 
11, 17-23). Thus, it is not known if the effects of isoprenaline on 
Ca'* distribution are direct or a secondary consequence of the 
redistribution of other ions. 

The contradictions and uncertainties concerning the 
mechanism of f-adrenergic-binduced relaxation of smooth 
muscle can largely be attributed to problems in interpretation of 
studies on intact tissue. The heterogeneity of cell types, the 
electrical and mechanical coupling between individual smooth 
muscle cells, and the complex extracellular diffusion paths have 
all imposed serious limitations on such studies. The availability 
of a preparation of enzymatically disaggregated smooth muscle 
cells from the stomach muscle of Bufo marinus permits a more 
direct examination of the mechanism of B-adrenergic-induced 
relaxation. Previous studies have revealed that these smooth 
muscle cells retain many of their mechanical, ultrastructural, 
biochemical, pu and electrical properties follow- 
ing isolation^*??, Of particular importance to the present 
studies was the finding that isoprenaline caused a decrease in the 
responsiveness to contractile agents”. Because isoprenaline 
also increases cyclic AMP levels?5, we examined the possible 
links between these two effects of B-adrenergic stimulation. 
Specifically, we examined whether the link involves cyclic AMP- 
dependent protein phosphorylation and consequent stimulation 
of the Na*/K* pump. In addition, we have examined, how 
changes in the Na*/K* pump are linked to changes in contrac- 
tility. 
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Fig. 1 Time course for the effects of isoprenaline on contractility, cyclic 
AMP, cyclic AMP-dependent protein kinase and phosphorylase a in 
suspensions of isolated smooth muscle cells. All experiments were carried 
outat 10 ^ M isoprenaline. Cells were prepared and suspended as described 
previously" '. The asterisk in all panels indicates when the response was 
significantly different from the control. Statistical significance for each of 
these four parameters was assessed from data pooled from the following 
experiments: a, ?o contraction, 12 experiments; 5, cyclic AMP, 5 experi- 
ments; c, protein kinase, 4 experiments; d, phosphorylase. 4 experiments. a, 
Isoprenaline significantly decreased contractility within 10 s. Changes in the 
contractile state of a population of cells were assessed by comparing 
pulse height distributions as drug-treated and untreated aliquots of a single 
cell suspension were passed through a Coulter counter ^^. This method of 
analysing contractile changes is based on the finding that pulse amplitude is a 
measure of cross-sectional area that increases as the cells actively shorten. 
As the cells in suspension are already relaxed, the addition of inhibitory 
agents does not result in a shift in pulse height histograms. Therefore, we 
determined the changes in potential for contraction by first incubating the 
cells with isoprenaline and then challenging them with a brief (6 s) exposure 
to the excitatory agent, carbachol (5.5 uM). The effect of isoprenaline was 
evident as a progressive decrease in the contractile response to carbachol 
with longer isoprenaline exposures. It was expressed as a percentage of the 
contractile response observed in the presence of carbachol alone. As the 
effect of isoprenaline on all parameters other than contractility was deter- 
mined without an excitatory agent, it is important to note that previous 
studies have shown that the time course for isoprenaline action on contrac- 
tility is unaffected by the use of carbachol. This justifies comparison of the 
time course of the effects of isoprenaline on contractility determined in the 
presence of carbachol with the time course of effects on other parameters. b, 
Isoprenaline significantly increased cyclic AMP levels within 2.5 s. Cyclic 
AMP was determined by competitive protein binding assay ^? in cell extracts 
prepared by sonication in perchloric acid. Changes in cyclic AMP were 
expressed as a percentage of control cyclic AMP levels. c, Isoprenaline 
significantly increased the activity of cyclic AMP-dependent protein kinase 
within 5 s. Cell extracts were prepared by the addition of NaCl and EDTA to 
the cell suspension just before homogenisation with a Tekmar omnimixer. 
The ratio of protein kinase activities assayed in the absence and presence of 
4 uM cyclic AMP was used as an index of the state of enzyme activation in 
situ ^. These values are expressed as % active protein kinase. d, Iso- 
prenaline significantly increased phosphorylase a activity within 5s. Cell 
extracts were prepared by the addition of KF and EDTA to the suspension 
just before homogenisation with a Tekmar omnimixer and assaved as 
described by Hardman er al^. Activity is expressed as пто! glucose-1- 
phosphate formed per min per mg protein. 
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Isoprenaline effects on contractility and cyclic 
AMP-dependent phosphorylation 


A series of experiments was carried out to determine the 
involvement of cyclic AMP-dependent protein phosphorylation 
in the change in contractility induced by isoprenaline. The 
contractile responsiveness of the cells was monitored using the 
Coulter counter technique (see legend to Fig. 1 and ref, 27). As 
the cells in suspension were already fully extended, the relaxing 
effect of isoprenaline could only be assessed as inhibition of the 
response to an excitatory stimulus. As shown in Fig. 1, iso- 
prenaline decreased the contractile response of isolated smooth 
muscle cells to excitatory agents in a time-dependent manner. It 
also increased cyclic AMP levels in the isolated cells (Fig. 1), and 
both the increase in cyclic AMP and the decrease in contractility 
exhibited identical dose dependencies. Both effects are 
apparently mediated by f-adrenergic receptors, as both 
responses are fully blocked by propranolol (10 * M). Although 
both responses occurred rapidly, the increase in cyclic AMP 
seems to occur more rapidly than the decrease in contractility. 
Thus, the data are consistent with the notion that relaxation is 
mediated by a cyclic AMP-dependent process. This is further 
supported by the finding that cyclic AMP mimicked the effect of 
isoprenaline on contractility when applied exogenously^? or 
when applied intracellularly by microinjection”. 

To evaluate further the role of cyclic AMP and cyclic AMP- 
dependent protein phosphorylation in relaxation, we examined 
the effects of isoprenaline-on cyclic AMP-dependent protein 
kinase. The toad smooth muscle contains a cyclic AMP-depen- 
dent protein kinase which, on the basis of its elution pattern 
from DEAE-Sephadex, is primarily the type I isozyme ^, 
The activity of this enzyme was increased by exposure of the 
cells to isoprenaline (Fig. 1), with an average twofold maximal 
change. The increase in protein kinase activity seemed to occur 
more rapidly than the change in contractility. Thus, the data are 
consistent with the notion that relaxation is mediated by changes 
in the activity of cyclic AMP-dependent protein kinase. 

To gain some insight into the rate at which cyclic AMP- 
dependent protein phosphorylation occurs in intact cells, we 
examined the effects of isoprenaline on phosphorylase activity. 
In many tissues, activation of cyclic AMP-dependent protein 
kinase leads to activation of phosphorylase by a sequence of 
protein phosphorylations involving phosphorylase 6 kinase as 
an intermediate. Isolated smooth muscle cells contain phos- 
phorylase b kinase, as extracts catalysed the conversion of 
purified phosphorylase 6 to phosphorylase a. Exposure to iso- 
prenaline caused a nearly twofold increase in phosphorylase р 
kinase activity (control: 0.047 + 0.006; isoprenaline: 0.084 + 
0.0015 U phosphorylase a formed per min per mg protein; 
assayed as described by Bueding ег а/.**). Isoprenaline also 
increased phosphorylase a activity (Fig. 1) and dibutyryl cyclic 
AMP mimicked this effect. Like the activation of cyclic 
AMP-dependent protein kinase, activation of phosphorylase 
by isoprenaline occurred rapidly (significant increases were 
Observed within 5s). Thus, cyclic AMP-dependent protein 
phosphorylation can occur rapidly enough in the intact cell to 
mediate B-adrenergic-induced relaxation. It seemed unlikely, 
however, that the change in phosphorylase per se could account 
for relaxation ^^. Therefore, we investigated whether other 
cellular processes are altered by isoprenaline and if so, whether 
such alterations involve cyclic AMP-dependent protein phos- 
phorylation. 


Isoprenaline effects on Na” and К” fluxes 


Several previous studies had suggested that B -adrenergic effects 
on smooth muscle might involve a redistribution of Na” and К? 
across the cell membrane?" ?, Because of the difficulties 
imposed by intact tissue, these data are somewhat equivocal and 
inconclusive. Therefore, we investigated the effect of iso- 
prenaline on unidirectional Ма” and K* fluxes in the isolated 
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fixed cells. The same general procedure was used to study ion efflux. After several hours' exposure to radioactive ion, the specific activity of the bathing medium was 
reduced by dilution and the rate of loss of radioactivity from the intracellular compartment was monitored, The ion content of the cells was determined by flame 
photometry. An index of efflux rate was obtained by calculating" the fractional change in specific activity per min. In both influx and efflux experiments, isoprenaline 
(107* M) was added after the fluxes had achieved a stable rate, indicating exchange between a simple two-compartment system, The addition of isoprenaline was 
denoted time zero so that experiments could be compared. The cells did not seem to have been damaged by the experimental procedures, as the K^ content was 
essentially identical to that in the intact tissue (cells: 131.5 + 5.2 mmol per l intracellular water; tissues 138.1 € 4.5 mmol per | intracellular water). Each point on the 


graph represents the mean +5.e.m. calculated from the following experiments. a, 


K influx. The addition of isoproterenol at time zero stimulated ^K influx 3.4 fold 


(triangles) over control (circles). This effect was observed within 1 minute but was no longer evident at 5 min. b, 42K efflux. The addition of isoproterenol (triangles) at 


time zero did not stimulate the efflux of ^K above that of controls (circles). с, 
7.6 fold over that of the control (circles). Like the effects of isoproterenol on 


Na efflux. The addition of isoproterenol (triangles) at time zero stimulated ^ Na efflux 
K influx, this effect was observed within 1 minute, but was no longer evident by 5 


minutes. d, ^*Na influx. The addition of isoproterenol (triangles) at time zero did not stimulate 4Na influx over control (circles). The influx values for the 
isoproterenol group represent an underestimate of the true values in that the backflux correction factors could not fully correct for the enhanced backflux (efflux) 
caused by isoproterenol. 


cells. Exposure to this drug caused a large, rapid increase in ZK 
influx and ^^Na efflux (Fig. 2). The stimulation was maximal at 
the earliest time which could be investigated (45 5) and was 
detectable at concentrations as low as 10'* M. At concen- 
trations of 107° M or greater, ^K influx was increased by an 
average of 3.4 times above the control value of 1.2+ 
0.3 pmol ст? s^*. "Na efflux was increased by 7.6 times above 
its control value of 2.9+0.6 pmol cm ^ s''. By contrast, К 
efflux and *“Na influx were not significantly altered by iso- 
prenaline. As the stimulation of "Na influx and ^K efflux was по 





Table 1 Stimulation of Na^/K^-dependent ATPase activity by cyclic AMP- 
dependent protein kinase 





Na^/K* ATPase activity 
(nmol per min per mg protein) 


Protein kinase 40417 
+ Protein kinase 81428 


merenn  ——— ааай 


ES 


Membrane fragments (50-200 wg) as described in the legend to Fig. 3 were 
preincubated with 10-50 wg of partially purified cyclic AMP-dependent protein 
kinase"! (specific activity of 25 pmol histone phosphate formed per min per ug 
protein). As the protein kinase preparation had appreciable catalytic activity even 
in the absence of cyclic AMP, the nucleotide was not included. The reaction 
mixture was diluted and ATPase activity determined by the liberation of 7Рі from 
[у-??Р]АТР (ref. 52). The difference in ATPase activity assayed in the presence of 
K* alone and in the presence of Ма - K* was defined as Na^/K^ ATPase 
activity. Preincubation of fragments with protein kinase and ATP- Мв" 
increased Na^/K" ATPase activity by an average of twofold (values above 
represent the mean +s.¢.m. for 8 experiments). The extent of activation was 
63-180%; in 1 experiment no effect was observed. The activation of Na” / K* 
ATPase activity was statistically significant (P « 0.05, paired analysis). ATPase 
activity assayed in the absence of Na” was not significantly altered by protein 
kinase (0.194 2:0.07 compared with 0.185 + 0.06 umol per min per mg). The 
Na^;K* ATPase activity of membrane fragments exhibited several 
characteristics ^^^ of a Na^/K* pump; inhibition by ouabain (107? M), F^ and 
Ве“; low apparent Km for ATP («50 uM); stability to mild treatment with SDS; 
ability to form an acid-stable, base-labile phosphoprotein; turnover number of 
10* min ^! calculated from phosphoprotein and ATPase values. 


longer detectable by 5 min, large changes in ion content in 
response to isoprenaline are not to be expected. We calculate a 
net Na* efflux per cell in response to isoprenaline of 0.08 pmol; 
this represents a net decline in intracellular Na” of only 8%. The 
predicted change in K^ content would be less than 1%. Given 
the analytical error associated with ion content determinations, 
it is not surprising that isoprenaline produced no significant 
change in either Na” (65.5 x 4.4 mmol per | intracellular water) 
or K^ (131.5 5.2 mmol per l intracellular water) content. The 
observation that isopreneline stimulated the movement of Na* 
and K^ against their respective electrochemical gradients 
suggested that the Na^/K* pump had been stimulated. To test 
this possibility, we examined the effects of ouabain on К? 
movement. Ouabain at 5x 10°*M completely abolished the 
stimulatory effect of isoproterenol on “°K influx in three experi- 
ments; at this dose it reduced the control “К uptake by 50% 
(data not shown). These flux studies indicate thus that iso- 
prenaline stimulates the Na^/K^ pump in the isolated smooth 
muscle cells. Two important questions arise from this 
conclusion. First, is the change in pump activity mediated by a 
cyclic AMP-dependent phosphorylation mechanism as has been 
proposed for relaxation? Second, does the change in pump 
activity lead to relaxation, and if so, how? 


Cyclic AMP-dependent stimulation of the 
Na*/K* ATPase 


A series of experiments was carried out to determine the 
manner in which isoprenaline affects Na*/K* pump activity. 
The effects on the pump apparently result from interaction with 
a B-receptor, as the stimulation of **K influx by isoprenaline 
(107° M) was fully blocked by 107° M pindolol. Furthermore, 
the effects on the pump seem to be mediated by an increase in 
cyclic AMP, as dibutyryl cyclic AMP (107^ M) caused an 
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increase in “7K influx identical in both magnitude and time 
course to that produced by isoprenaline (data not shown). 

As protein kinases have been reported to affect Na*/K* 
ATPase activity in other systems? ^*, we investigated the 
possibility that Na*/K* ATPase may be stimulated as a 
consequence of cyclic AMP-dependent protein phos- 
phorylation. Membrane fragments prepared from isolated 
smooth muscle cells contain an ATPase activity dependent on 
the presence of both Na* and K* which has characteristics 
similar to ‘sodium pump’ ATPases of other tissues (Table 1). 
Reacting these membrane fragments with cyclic AMP-depen- 
dent protein kinase increased ATPase activity (Table 1, Fig. 3). 
As seen in Fig. 3, the extent of ATPase stimulation approached a 
maximal value with increasing amounts of protein kinase. This 
stimulatory effect of protein kinase seems to result from a 
change in the Na*/K* ATPase, as activity assayed in the absence 
of Na* was not affected (Table 1). Finally, the stimulation was 
blocked by protein kinase inhibitory protein, suggesting that the 
change in Na*/K* ATPase specifically results from phos- 
phorylation catalysed by the protein kinase (Fig. 3). 


Na*/K* transport and relaxation 

Experiments were carried out to investigate the coupling 
between the cyclic AMP-dependent stimulation of Na*/K* 
transport and the cyclic AMP-dependent relaxation. To assess 
whether these two events are causally linked, we examined the 
effect of isoprenaline on contractility in the presence of ouabain 
or in K*-free medium, conditions in which Na*/K* transport 
should be limited. In our standard medium containing 3 mM К“, 
isoprenaline inhibited the contractile response to carbachol by 
53%; however, when the cells were resuspended in nominally 
K*-free medium just before exposure to isoprenaline, only a 
16% inhibition was observed (Table 2). However, removal of 
external potassium had no effect on the response to carbachol. 
An even more striking attenuation of relaxation was observed 
when ouabain was used to limit Na*/K* transport (Table 2). 


Table 2 Effects of changes in extracellular K* and ouabain on the response to 
moprenaline 





% Inhibition of 
contractility No of 
Cell suspennoo medium by moprenaime expenments 
salme (APS) 50x15 
APS+ouabain (5x 107* M) -27 £32 3 
APS 53+ 8 5 
K*-froe APS 16+23 
APS 30+ 7 5 
90 mM K*/APS 43416 


The mbhubttory effects of (107° M) isoprenaline on the contractile responses 
to carbechol (10 -10^* M) were compared in abquots of cells rolated ss a 


amphibian physiological ане”. 
molar substitubon of КЎ salts for Na* salts For the groups contanmg ouabain or 


plishing the change from APS to the modified medrum, thas protocol was chosen to 
minum changes mon gradionts which would eventually follow inhibition of the 
Na*/K* pump For the cells exposed to 90 mM К“, the effect of woprenaline was 
determined 15 min after rawung the extracellular K*, this period of tune was 
chosen to allow the cells to relax following the mitual phasic contraction induced by 
exposure to high K* levels To test for the inhibitory effect of woprenaline on 
contractility, aliquots were premcubated with moprenaline (1075 M) for 9 s before 


Thus, an increase in Na*/K* pumping seems to be essential to 
the isoprenaline-induced relaxation. 

We next considered the manner in which an increase in 
Na*/K* pump activity might lead to a decrease in Са?” 
availability and thus relaxation. Two hypotheses are consistent 





Fig. 3 Stunulaton of ATP hydrolysis by cyclic AMP-depeodent protein 
kinase. Membrane fragments were prepared from isolated smooth muscle 
of extracts m socrose (0.25 mM), 

A (10 buffer, pH 7 2. Fragments sech- 
menting between 1.2x 10 g and 4X 10^ g were assayed for ATPase activity 
fiuorometnealy ". ADP formabon was followed as the decrease in 
fluorescence on conversion of NADH to rts oxxdesed form, the rate of change 
being indicated m Vertical bar represents 5 nmol of NAD* In 
traces I and П, 10 ug of membrane fragments were used. The effects of cyche 
AMP-dependent protein kmase (2 ug added at arrow) were tested in the 
abeence (I) and presence (П) of cychc AMP-dependent protein kmase 
added before the membrane fragments Dl, 20 ug of 

membrane fragments (a different preparation from that used in I and П) was 
ima yed in the presence of increasing amounts of protein kinase a, 0 5 ug 
protem kinase was added, b, addrbonal 0 5 pg, c, additional 1.0 ug; d 
additional 2 0 pg. Note that protem kinase strmulabon of ATPase activity 
хости to be saturable (see insert). Control studies revealed that the 
stimulation of ATPase activity could not be accounted for by ATPase 


activity of the protein kmase or by protem alterabons m the 
activity of the couphng enzymes (pyruvate kinaso and lactate dehy- 
drogensec) used m the assay. It is unlikely that tbe stimulation of ATP 


could produce leas than 10% of the obeerved stimulation of ATP hydrolysis 


with our present understanding of Ca?* movement in smooth 
muscle. The first is that a decrease in calcium permeability might 
result from the hyperpolarisation which accompanies increased 
Na*/K* pump activity ?-?, Alternatively, the decrease in 
internal Na* generated by increased Na*/K* pump activity 
might accelerate NaZ/Ca2*, exchange in the plasma membrane 
and/or sarcoplasmic reticulum ** 5. Although our understand- 
ing of the link between Na*/K* pump activity and relaxation is 
incomplete, a change in membrane potential does not seem to be 
essential for isoprenaline-induced relazation. This follows from 
the observation that the inhibitory efiect of isoprenaline was 
unaffected by depolarisation of the cells with 90 mM K* (Table 
2). 

We are thus left with the possibility that increased Na*/Ca?* 
exchange is responsible for linking Na*/K* pump activity with 
relaxation. Experiments in which extracellular Na* was altered 
suggest that Na*/Ca^* exchange may be important for the 
control of intracellular Ca?* in these smooth muscle cells, as it is 
in other smooth muscle preparations "75, Specifically, exposure 
of cells to Na*-free medium caused contraction. The tn for this 
response averaged 15 min (four experiments) and the magni- 
tude of the observed contraction was equivalent to the maximal 
contractile response obtained with carbachol. These data 
suggest that Ca^* sequestration depends on the Na* gradient, 
and that a change in this gradient produced by stimulation of the 
Na*/K* pump may lead to relaxation. 
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Model for isoprenaline action 


A model for the mechanism underlying the relaxation induced 
by isoproterenol is shown schematically in Fig. 4. This hypo- 
thesis accounts for all of the observations on isolated smooth 
muscle cells. This scheme also includes what we believe to be the 
most plausible means by which stimulation of the Na*/K* pump 
leads to relaxation. The essential features of the scheme are: (1) 
isoprenaline binds to the B -adrenergic receptor, causing a rapid 
increase in intracellular cyclic AMP which in turn activates cyclic 
AMP-dependent protein kinase; (2) the increased activity of 


P-Adrenergic 
receptor Active 
poten ф 
Membrane kinase 
K+ 
NI N ф 
Na* 





Ca?* <— [Ca?*] 4 


II 
Contractility J 


Fig. 4 Scheme for 8-adrenergk relaxation of smooth muscle. It is proposed 
‚ that -adrenergik agents stimulate the Na*/K* pump through cyclic AMP- 
dependent protem phosphorylation, and thereby produce relaxation. 
Although the link between enhanced pump actrvity relaxation has not 
been fully explored, the involvement of a Na^/Ca ^ exchange process 
seems to be most reasonable. The model shows Na*/Ca** exchange 
accelerated at the plasma membrane, but a similar Ма? /Са2+ exchange 
system in the sarcoplasmic reticulum and/or membranes 
might also contribute to the observed decrease in Ca?* availability. Further 
details regarding this scheme and the evidence supporting are grven in the 
text. 


protein kinase results in phosphorylation of a protein associated 
with the Na*/K* ATPase, thus increasing pump activity; (3) asa 
consequence of increased pump activity, intracellular К* rises 
and intracellular Na* falls; (4) the increased Na* gradient would 
accelerate the rate of Na*/Ca?* exchange, resulting in increased 
Ca?* efflux from the cytoplasm; (5) the change in Ca’* dis- 
tribution would decrease contractility. 

The above description indicates the interdependence of 
cellular processes which are affected by isoprenaline. Implicit in 
this scheme is а specific kinetic relationship between these 
events. First, the changes shown in Fig. 4 will be initiated in a 
sequential manner beginning with an increase in cyclic AMP. 
Second, the changes will induce a persistent activation of the 
Na* pump such that relaxation is maintained. This activation 
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initially elicits large changes in Na* and K* fluxes, but the 
resultant changes in ion gradients soon slow pump activity 
towards basal levels. Similar kinetics for enhanced Nat/Ca?* 
exchange would also be expected. The large rapid increases in 
ion movements would rapidly bring the smooth muscle cell to a 
more relaxed state. Relaxation could then be maintained by only 
a small persistent increase in Na*/K* and Na*/Ca?* transport 


processes. 

It seems likely that the mechanism outlined above plays a 
central part in 8-adrenergic relaxation of other types of smooth 
muscle, although additional factors may also be involved. Tests 
for the involvement of our proposed mechanism in other tissues 
will probably require the use of isolated cells derived from each 
tissue type, so that the brief, large changes in ion movements will 
not be obscured by the diffusion delays and ion binding which 
complicate studies in intact tissue. 
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Structure of the backbone in myosin 


filaments of muscle 
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New X-ray data suggest how myosin rods, themselves 
a-helical coiled coils, form the thick filament backbone of 
crustacean muscles by additional supercoiling. Natural 
transformations of this structure may describe the myosin 
backbone in many other animals also. 





THE thick filaments of striated muscle are remarkable bipolar 
structures. The a-helical rod portions of the myosin molecules 
are packed densely in the backbone, yet the enzymatic portions 
(pairs of ‘heads’ or ‘cross-bridges’) lie at the filament surface 
where they can participate in the tension-generating interaction 
with actin!?. While the ordered helical array of relaxed cross- 
bridges has been described for several muscles, the internal 
architecture that defines it is unknown: neither X-ray diffraction 
nor electron microscopy has revealed the structure of the back- 
bone. Studies of the overlaps between molecules in aggregates 
of myosin subfragments formed in vitro have suggested likely 
packing arrangements of the myosin rods in native filaments". 
Perhaps the most attractive of such models are those in which all 
myosin molecules have identical environments and are thus 
'equivalent' to each other*. Knowledge of backbone structures 
in different muscles will help in understanding the design prob- 
lem of accommodating both the structural and the enzymatic 
functions of myosin. 

In this article, I discuss thick filament structure in the light of 
new X-ray diffraction data from crustacean muscles. The X-ray 
patterns include myosin reflections intermediate between the 
small-angle diffraction due to the cross-bridge array and the 
wide-angle diffraction from the a-helical polypeptide con- 
formation in the backbone. These reflections suggest that the 
backbone has a simple cable-like structure, and indicate its 
relation to the surface array of bridges. Myosin filament struc- 
ture in other muscles is discussed briefly in terms of plausible 
transformations of the structure described for the crustaceans. 


Symmetry and polymorphism of the surface 
lattice 


In the fast muscles of decapod crustaceans’, the thick and thin 
filaments form a lattice resembling that in insect flight muscles, 
and the diffraction from the thin filaments has been discussed 
previously". The myosin filaments are not held in precise trans- 
verse register as they are in some insect muscles, and their 
diffraction is unsampled. Reflections due to myosin in the 
small-angle X-ray pattern from a relaxed fast lobster muscle 
(Fig. 1a) include a strong meridional reflection at 145 A with an 
off-meridional subsidiary maximum, and non-meridional layer 
lines at 308 A and 274 A All these reflections become weaker 
in rigor, when bridges are displaced from their ordered positions 
round the thick filament and attach to actin. The 145-A layer 
line indicates that cross-bridges are located at 145-A intervals 
along the thick filament, as found for many other muscles. The 
non-meridional layer lines reflect the screw symmetry, or rota- 
tion between adjacent 145-A levels (just as frog muscle 
patterns, for example, indicate a screw symmetry described by 
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giving the helical repeat of the most prominent cross-bridge 
helix as 429 À (ref. 9)). The screw symmetry indicated by the 
lobster pattern in Fig. 1a differs from that in muscles studied 
hitherto, the myosin helical repeat being 308 Á. The black spots 
in Fig. 3a illustrate this surface symmetry. The X-ray pattern is 
much simpler than that from frog muscles, where certain 
'forbidden' reflections? may indicate a surface lattice in which 
structure units are not perfectly equivaient. 

The cross-bridge reflections reveal the screw symmetry very 
precisely, but derivation of rotational symmetry (the number 
(N) of structure units or myosin molecales per 145-A level) is 
less easy. This is because the diffraction depends mainly on the 
bridge conformation and on the intrinsic form of the surface 
lattice, and is changed only slightly by increase of N with 
proportional increase in radius from the filament axis’. (A 
preliminary study of lobster muscles'? noted that the layer lines 
resemble those given by insect flight muscles! in intensity and 








Fig.1 X-ray diffraction patterns from crustacean muscles, chem- 
ically skinned? and examined in the relaxed state in a solution 
containing 90 mM KCl, 8 mM MgCl, 2 mM EGTA, 10 mM histi- 
dine, 2 mM Na;ATP, 1 mM NaN,, pH 7.0 at 4°C. X-ray patterns 


were obtained using conventional mirror-monochromator 
cameras? and specimen-film distances of 36 cm (a, c) and 12 cm 
(b, d). a, b, Patterns from a fast abdominal flexor of the lobster. a is 
the small-angle pattern, showing actin layer lines at 387, 194 and 
129 Á, and myosin layer lines at 308, 274 and 145 À, The actin 
layer lines were enhanced, and these myosin layer lines weakened, 
in patterns from the same muscles in rigor. b is a more intense 
medium-angle pattern. Actin layer lines at 59 and 51 A are prom- 
inent; the conspicuous layer line of axial spacing about 350A 
remained unchanged in the rigor pattern. Certain weak reflections 
in the small-angle pattern were also uncharged in rigor, such as a 
subsidiary maximum of the strong layer line at 380 À and a layer 
line at 95 Å. c, d, Patterns from a slow muscle of the lobster crusher 
claw. Slow muscles gave patterns with a higher diffuse background 
than fast muscles, but layer lines corresponding to those from fast 
muscles were clearly visible. The small-angle off-meridional 
reflections occurred at 350 and 248 À, and the myosin layer line 
which was unchanged in rigor fell at about 600 A. 
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Flg.2 Diagrams of myosin layer lines a, General representation of 
the diffraction expected from a helical array with the symmetry being 
indicated by the myosin diffraction in Fig. 1a. Amal positions (Z) of 
expected layer lines are plotted against their Bessel function orders 
(n), reflections can be referred to by п and by the value of m assigned 
to the dotted lines (in the convention of helix diffraction theory”), 
and certain axial spacings are indicated numencally Individual nodes 
are represented in the observed diffraction by reflections whose radial 
positions depend on the radii from the fllament axis of the sttuctures 
generating them. The diffraction in Fig. 1a ss interpreted through the 
diagram as follows The strong layer lines at 308, 274 and 145 À 
originate from the surface array of cross-bridges, and generate the 
innermost reflections (m=0, n= N), (m1, n- —N) and (m= 
1, n = 0) respectively. Bridges do not contribute significantly to any 
wider-angle reflections, which correspond to other sets of helical 
tracks through the surface lattice, The reflection (71, 3N) at 352 А 
has special significance, as a strong layer line at this spacing is due to 
subfilaments interconnecting the surface lattice; the value n =3N 
corresponds to there being 3N subfilaments. (The backbone ts not 
formed from smooth strands; other vanations of density, distributed 
in conformity with the myosin surface lattice, cause weak diffraction 
at other nodes, such as a subsidiary peak on the 308 A layer line 
(0, N) and presumably part of the mendional intensities at orders of 
145 А.у Many reflections thus include contributions from both 
bridges and backbone, located at different radii from the filament 
axis, and only in special cases will profiles be interpretable in terms of 
diffraction from simple structures. b, Same diagram for the slow 
muscles. N here takes a different value. These diagrams represent two 
stages in the continuous transformation of the diffraction that would 
accompany progressive twisting of the filament. The various fast 
crustacean muscles could be represented by a series of diagrams with 
spacings close to those in (a) The spacing of the (—1, 3N) reflecton 
equals the helical repeat of the subfilaments in each case. Generally, 
such diagrams can describe the diffraction from any helical cross- 


bridge array. Untwisting the filament slightly beyond state (5), the spacin 
then has a specing of 1150 A. Untwisting further, until (0, N) falls at 435 
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pot (0, №) reaches 385 А as observed for insect muscic!!, and (—1, 3N) 


the screw symmetry becomes that observed for frog muscles”. (~1, 3N) 


lies on the equator in the latter case: thus, if the filament were formed from subfilaments homologous to those of crustacean muscles, these would 
run parallel to the filament axis. 


might be explained by the sixfold rotational symmetry widely 
accepted for insect muscle: but, as discussed below, this sym- 
metry for lobster muscles now seems unlikely.) Neither the value 
of N nor the conformation of each pair of heads is required for 
discussing the relationship between myosin symmetry and the 
structure of the backbone. 

The myosin screw symmetry in fast crustacean muscles 
depends on the anatomical location of the, muscle and on 
species. For example, the principal cross-bridge helical repeat 
was 300 A in many fast muscles of crayfish and 308 A in certain 
fast lobster muscles, but 310 A in the fast muscles of crayfish 
legs, 315 A in those of the lobster left claw, and 318 A in those of 
both crayfish claws. Thus, while myosin filaments may have the 
same screw symmetry in the skeletal muscles of all vertebrate 
animals, the fast muscles even of one crustacean species present 
a family of non-integral myosin helices differing slightly in 
filament twist. 


Diffraction from the myosin backbone 


The diffraction expected from a representative member of this 
family is summarised in Fig. 2a. The observed cross-bridge 
reflections (at 308 A, 276 A and 145 A) represent few of the full 
set that would result from a perfectly ordered.helical array, and 
this paucity of diffraction indicates that the bridges are 
considerably disordered about their average positions. More 
intense patterns from the crustacean muscles did show other 
myosin reflections, but these were not due to bridges, as they 
were unchanged in patterns from rigor muscles. The most 
prominent was a layer line (Fig. 1b) whose spacing varied with 
the screw symmetry of the filament so as always to correspond to 
that of one particular outer reflection (at 352 A in the case 
depicted by Fig. 2a). The characteristic radial profile of this 
layer line is shown in Fig. 4a. 


Reflections unaffected by the transition to rigor but occurring 
at spacings related to those of the myosin surface lattice are 
expected from-the myosin backbone and may reveal its struc- 
ture. First, as different nodes in Fig. 2 correspond to different 
sets of helical tracks through the surface lattice, the prominence 
of one particular layer line means that the structure can, at low 
resolution, be considered as comprising uniform helical strands 
following one particular direction. Second, the profile of this 
layer line is characteristic of a cable-like structure whose density 
is concentrated near a single radius, and whose strands have a 
diameter of about 40 À and are packed closely with their 
neighbours (Fig. 4b). The backbone is shown in Fig. 3a as a 
cable whose strands connect up the cross-bridge surface lattice 
in the direction corresponding to the prominent layer line from 
the backbone. This structure, apparently identical in relaxed and 
rigor states, could exist over most of each half of the myosin 
filament, but will not describe the packing at tbe ends and centre. 
Its absolute hand is unknown and is drawn arbitrarily. The 
bollow core is in agreement with the appearance of a weakly 
staining centre in crustacean filaments’; this observed 
appearance is variable, perhaps because the core contains small 
but variable amounts of paramyosin (whose organisation is not 
revealed by the present X-ray data). 

The relationship of croes-bridge positions to the backbone in 
Fig. 3a is such that, with N myosin molecules per 145 A along 
the filament, there are 3N subfilaments. (The value N = 4, as 
drawn, seems the most probable if the tubular appearance of 
Fig. 3a is identified with that in electron microscope images, 
because the number (3N) of subfilaments, separated.centre-to- 
centre by 40 À as indicated by the X-ray pattern, must be about 
12 to generate the observed’ outer diameter of about 200 A.) 
The X-ray patterns also contain information about the 
of myosin rods within individual subfilaments. But the 40- 
subfilament diameter directly suggests a cylindrical group of 
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three myosin rods (each a 2-stranded a-helical coiled coil). 
Moreover, the repeat length along each individual subfilament 
in Fig. За is 435 re so the length of the crustacean myosin гой'?, 
slightly more than 3 x 435 A, would likewise suggest that three 
overlapping rods comprise each subfilament over most of its 
length. The myosin rods forming each subfilament must twist 
round each other if all the myosin heads are accessible to the 
filament surface. 


Diversity of crustacean filaments 


The variation of screw symmetry was the only indication in the 
X-ray patterns that myosin structure in fast crustacean muscles 
is polymorphic. It corresponds to a slight variation in the angle at 
which the subfilaments twist round the filament. The versatility 
of the packing is further illustrated by the slow muscles of the 
crustaceans. Here the thick filaments have a larger (280 A) 
diameter’, reflected in the X-ray pattern (Fig. 1c) by, for exam- 
ple, a different profile of the 145-A layer line. But although the 
two off-meridional cross-bridge reflections indicate a cross- 
bridge helical repeat of 350A, and the layer line from 
the subfilaments has an axial spacing of about 600 A (Fig. 1d), 
the intensities and profiles of these layer lines are not greatly 
changed from those in the several fast muscles. Thus an essen- 
tially invariant relationship of relaxed cross-bridges to backbone 
subfilaments seems to be intrinsic in the surface lattice of the fast 
and slow muscle myosin filaments. The slow muscles differ 























Fig. 3 Relationship of cross-bridge positions to subfilament 
organisation. a, Black spots represent the positions of cross- 
bridges, as indicated by those reflections in Fig. 1a which weaken in 
rigor. Further aspects of bridge arrangement, such as radial posi- 
tion and conformation, are not discussed here. The backbone is 
shown as strands connecting this lattice in the helical direction 
corresponding to the prominent backbone layer line; subfilament 
diameter and separation were derived from this layer line (Fig. 4). 
The several fast crustacean muscles examined would have uniform 
rotational symmetry, but slightly different screw symmetries. b, 
Similar drawing for slow muscle myosin filaments. Both the rota- 
tional and the screw symmetry differ from (a). The essentially 
conserved relationship between bridges and subfilaments probably 
extends to finer details of the structure than are indicated here. 


merely in a smaller twist of the subfilaments round the filament, 
and in higher rotational symmetry (probably increased from 
four- to fivefold (Fig. 35)). 


Subfilament structure of myosin filaments 


These models for myosin filaments are of a type discussed by 
Cohen‘. Re-emphasising that the filaments might be construc- 
ted so that all myosin molecules are equivalent, Squire^!? has 
enumerated such packing arrangements more fully. The fast and 
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Fig.4 а, Observed radial profile of the strong layer line at 352 À, 
indexed as (—1, 3N) in Fig. 2a. Dashed line indicates uncertainty 
due to incomplete separation from nearby layer lines. b, Intensity 
calculated^^ for the layer line at 352 A from the cable-like back- 
bone in Fig. За, normalised to same peak height as (а). 
Subfilaments, centred at 84 À radius, were each represented by 3 
uniformly intertwining myosin rods (smooth cylinders of 8.5 À 
radius) centred 12.6 А from their local axis. The 352-A layer 
line is the ‘pitch’ layer line of the ‘major helix 7^, and is by far the 
strongest of the layer lines from the structure. In terms of Bessel 
functions (J), the profile is given by 


[i200 xX 8B4R)J (2r X 12.6R JA (27 x 8.5R)/ x B.5R)P 


Cables with more or fewer subfilaments, but with the same (~40 A) 
separation between neighbours, give similar profiles: but the 12- 
fold symmetry appears the most probable (see text). 


slow muscles of crustaceans illustrate a central point of Squire's 
general thesis: that whatever the local packing relationships of 
myosin rods, the unit cell of the surface lattice may change little 
if the cross-bridge arrangements of different muscles are 
generated by changes of rotational and screw symmetry. The 
particular packing of rods discussed by Squire’* as a model for 
all myosin filaments is more compact than the present structure: 
groups of rods do not twist round each other in subfilaments near 
the surface, but instead form radial sheets which more nearly fill 
the filament centre. The present X-ray data require a backbone 
organised so that there is a marked circumferential repeat of 
40 A rather than the less ‘contrasty’ surface appearance of the 
model favoured by Squire'*. 

There are two reasons why X-ray patterns from crustacean 
muscles are especially informative about backbone structure. 
First, the pronounced twisting of the subfilaments round the 
filament means that a key diagnostic layer line can be observed, 
separated from the equator of the X-ray pattern. Second, the 
distinct but related filament structures in the various crustacean 
muscles indicate the conserved and the variable aspects of the 
molecular packing. Corresponding data from other animals will 
establish how far myosin backbones in muscles outside this 
restricted class can be described by the present model. X-ray 
data on cross-bridge arrays in some invertebrate muscles apart 
from crustaceans (such as Lethocerus flight muscle? and Limu- 
lus muscle") can be interpreted in terms of a simple helical 
surface lattice: backbone models for these filaments must again 
be such that myosin molecules occupy equivalent positions. In 
fibrillar insect flight muscles, for example, the 385-À myosin 
helical repeat! may result from further change of screw sym- 
metry in a filament of the crustacean type, as a reflection with the 
axial spacing of roughly 1,150 À, as expected for diffraction from 
subfilaments (see legend to Fig. 2), is observed at 40 À radius 
(my unpublished results on bee and fly muscles, and ref. 16). The 
flight muscles of some dragonflies (Odonata) are non-fibrillar, 
and support this extension of the crustacean model to include 
insect filaments. Their myosin symmetry differs from that in the 
fibrillar muscles: the helical repeat is about 350 Á, and the 
subfilament diffraction is very like that of slow crustacean 
muscles. Application of the subfilament model to insect as well 
as to crustacean filaments does not demand the same rotational 
symmetry in both cases, but does leave the puzzle that, just as 
argued above for crustaceans, the 150--200-A diameter of insect 
filaments observed by electron microscopy" could accom- 
modate 12 subfilaments, and thus 4 myosin molecules per 145 A 
of filament length, while other evidence (see ref. 18) suggests 6 
myosins per 145 A for insect muscle. 
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Vertebrate and other filaments 


In some other muscles, such as vertebrate striated muscles’ and 
the striated adductor of the scallop’*'’, X-ray evidence suggests 
that the cross-bridge array departs from equivalence in that 
adjacent 145-A levels are not identical (possibly because of 
non-equivalent packing in the backbone or a perturbation due, 
for example, to proteins other than myosin). Here I consider 
non-equivalence only in the context of the present subfilament 
model, retaining the 435-À repeat within the subfilament and 
the 145-À stagger between subfilaments as conserved features. 
Filaments built in this way provide equivalent environments for 
all myosin molecules only when each subfilament, at every level 
at which cross-bridges emerge from it, appears at the filament 
surface in an identical way. Disposition of the subfilaments to 
form tubular filaments in crustaceans fulfills this requirement in 
asimple manner (which, however, leaves a large core). But strict 
equivalence is not necessarily a significant property for the 
cross-bridge array: the departures detected by X-ray diffraction 
may be rather small, and may leave all myosin molecules 
functionally equivalent in their ability to interact with actin. 
More compact structures would result from an orderly collapse 
of the tubular form (with loss of perfect helical symmetry, as 
cross-bridges from more central subfilaments would necessarily 
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adopt slightly different resting configurations). Collapse is 
plausible only when the subfilaments run almost parallel to the 
filament axis (as inner and outer subfilaments otherwise acquire 
different axial repeats), or when the filament is very short, but 
coyld in either of these cases occur with little change in the 
pattern of intermolecular connections. Vertebrate skeletal 
myosin filaments might exemplify this more radical trans- 
formation of the crustacean structure, as their screw symmetry is 
such that the subfilaments would run parallel to the axis (see 
legend to Fig. 2). Collapse could give solid polygonal filaments 
as observed for frog and fish muscles?^?', The consequent 
non-equivalence would be additional to that resulting because 
C-protein is not located according to the 143-À repeat of 
myosin”. Such a model for vertebrate filaments remains entirely 
speculative until direct information about their backbone struc- 
ture is obtained, but meanwhile illustrates one natural way for 
more specialised myosin structures to be generated from a 
simple, versatile and widespread design. 
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Are there organic grains 
in the interstellar medium? 


THE possibility that organic compounds exist in or on inter- 
stellar grains has received much attention recently. It has been 
suggested that grains consist of polysaccharides’, carbonaceous 
compounds! or aggregates of a variety of organic compounds’. 
While it is easy to visualise how some of these materials could 
form in the interstellar medium (for example, by the random 
accretion of C, N, O and H) it is not certain that appreciable 
quantities of such grains actually exist. With the availability of 
high quality infrared (IR) spectra of a variety of sources we show 
here how to determine the fraction of interstellar carbon bound 
in complex molecules of this sort. 

Virtually all compounds containing C and H possess an IR 
absorption band due to the excitation of the C-H stretching 
vibration between 3.3 and 3.4 jum. This band usually has a width 
of =0.05-0.2 шт in condensed phases. As noted by Knacke? 
this band will be present even in polymeric or tarry materials as 
found, for example, in carbonaceous chondrites. The persis- 
tence of a band at 3.3-3.4 рт in all organic systems implies that 
observations of the spectrum of interstellar dust in this region 
can be used in a determination of the abundance of organic 
solids in interstellar dust. 
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Figure 1 shows a plot of 7(3.3-3.4 jum) against A,, the visual 
extinction in magnitudes, for a variety of organic compounds 
representative of several chemical classes. These optical depths 
at 3.3-3.4 um would be obtained if all interstellar C were 
obtained in these molecules. They are calculated on the basis of 
an extinction А, = 1.6 mag per kpc H atom cn"? using the 
normal cosmic abundance of carbon*. Data on the strength of 
the 3.3-3.4 um band was obtained from standard ѕошгсеѕ?. 
Cross-sections vary from a low of 3.4 x 10? cm? g^! for С.Н, to 
8.4x 10? cm? g^! for C44Hss (2,2,4,15,17,17-bexamethyl-7,12- 
di(3,3,5-trimethyl hexyl)octadecane). It can be seen that the 
largest values of 7 are produced by alkanes. The cyclic ether, 
propylene oxide also produces strong absorption at 3.3-3.4 jum. 
Aromatic compounds such as СН, are relatively weak absor- 
bers although substitution with any CH bearing group (such as 
p-xylene) greatly increases the 3.3-3.4 um band strength. 
Polymers such as polyethylene and polyvinyl alcohol are strong 
absorbers. 

The corresponding relationship between equivalent width, W, 
in uum and A, is 


Ww I 
—=2.9xK 1077 -— 1 
Ay ne (1) 


where I =integrated 3.3-3.4 um band intensity in units of 
10^1em ? mol! and n,-number of carbon atoms in each 
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absorbing molecule. This equation is obtained from Wexler's 
expression® for integra intensity in these units, I= 
Av logio(o/.)/(10* CL) where Ay is FWHM if cm, $/ y= 
е" is the intensity ratio in the line, C is the concentration in 
moles per 10* litre, and L is the path length in cm. Most bands 
have intensities, in these units, in the range 0.01-1, (ref. 6). For 
small т, W = TAA, and so rearranging, with some attention to 
units, gives W = NA?I/2.62 x 10”. W and A are in jum, and N is 
the column density (cm ?) of absorbing molecules. Thus N — 
[C1L/n, where [C] is the total available carbon density (cm ?). 
With extinction A, of 1.6 mag крс! per H-atom, then A, 
1.6(H]L/3 x 107". Using the cosmic abundance of carbon, the 
ratio of W to A, gives equation (1). Since I n,G where 
G = integrated intensity per structural unit (CH, CH; or CHs), 


W —2.9x10? A,G Q) 


G is quite different for molecules of different chemical classes 
but is relatively constant for molecules of the same class‘. Figure 
1 shows data for a selection of molecules that are representative 
of the major chemical classes. Obviously under interstellar 
conditions a variety of molecules would be expected and so an 
average would have to be taken to determine the total expected 
3.3-3.4 jum optical depth. 
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Fig. 1 Predicted optical depth at 3.3-3.4 jum, r due to organic 
compounds on grains plotted against visual extinction A, in 
magnitudes. A detection limit provided by recent observations? is 
shown at т = 0.01. Failure to detect the presence of a 3.3-3.4 um 
band with this amplitude in an object wrth А, = 70 mag would 
imply that<0.2% of interstellar carbon is present as alkanes: a, 
Ca2Hss; b, n-hexane; c, propylene oxide; d, 1 -pentanol; e, n-butyl 
ethyl ether; f, polyethylene, g, acetone, h, poly-vinyl alcobol; 1 
p-xylene; j, 1-3 butadiene, k, pyridine; L 3-octyne; m, benzene. 


A line in Fig. 1 indicates the current detection limit for 
spectral features in the 2.9-3.4 um region as obtained, for 
example, by McMillan’. Spectroscopic data of high quality 
obtained by Merrill et al.* for a variety of highly obscured 
objects shows no evidence for detectable 3.3-3.4 jum absorption 
even in objects with A, 2: 50 mag. It is also significant that no 
absorption appears at 3.3-3.4 um even in objects with well 
developed 3.08 um ice bands. These observations, together with 
the curves given in the Fig. 1 suggest that the limits shown in 
Table 1 can be placed on the abundance of organic compounds 
on dust in the interstellar medium. 
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Table 1 Abundance limits of various chemicals in the interstellar 


medium 
Chemical class Abundance limit 

Alkanes <1% ÆC 
Cyclic ethers <1% 
Non-cydic ethers <2% 
Alcohols <2% 
Polymers <2% 
Ketones <2% 
Alkenes <10% 
Alkynes <10% 
Aromatics <10% 


These limits are expressed in terms of the percentage of 
carbon that could be present in molecules of each class without 
producing (3.3-3.4) > 0.05 for A, — 70 mag. As all molecules 
absorb at the same wavelength it is not possible to sum abun- 
dance limits in Table 1 to permit the dispersal of larger amounts 
of carbon in organic compounds. Thus if 1% of C were in 
alkanes, т =0.05 would be produced by these molecules alone 
implying that the abundances of all other types of organic 
molecule would be much less than those given in Table 1. 

We conclude that no spectroscopic evidence exists to support 
the contention that much of interstellar dust consists of organic 
materials. While the presence of trace quantities of organic 
compounds on grains inside very dense clouds cannot be 
excluded by available data, the absence of any observation of a 
3.3—3.4 um absorption band even in objects with A, = 50 mag 
strongly suggests that organic grains constitute at most a minor 
component of interstellar dust and probably have no observable 
effect on visual extinction. Certainly the dust that produces the 
visual extinction in highly obscured sources cannot be 
of organic material. For example, in an object with A, = 50 mag 
the column density of dust in the form of particles of radius 
107cm with scattering  effidency- 1, ш (Мә ы” 
1.6x 10!! cm ?. For a grain density of 1 g cm ^? the mass of dust 
per cm? is 6.4x 107* g cm ?. Then 7(3.3-3.4) С.Н, = 0.22 and 
T(3.3-3.4) СН = 5.4 in this object. Optical depths in this 
range would certainly be detectable. 
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Magnetic buoyancy in the Sun 


THE concept of ‘magnetic buoyancy’ was introduced! as a 
possible mechanism by which magnetic fields from within the 
Sun might come to the surface and contribute to its magnetic 
activity. We discuss this concept here and consider its effect on 
solar dynamics. 

An isolated flux tube of field strength B in a gaseous atmos- 
phére of magnetic permeability д has a lower thermodynamic 
pressure p than that of its surroundings, because the total 
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pressure p +4. B? must be the same inside and outside the 
tube. If the temperatures inside and out are sufficiently close it 
will then be lighter than its surroundings and will tend to rise by 
this magnetically-induced buoyancy. 

Recently? it has been argued that this mechanism actually 
works rather too well for comfort, bringing 100-G flux tubes 
from all but the bottom quarter of the solar convection zone 
(depth ~200,000 km) to the surface in a good deal less than the 
time needed for the generation of these fields by the hydro- 
dynamic dynamo process*, which is 10 yr, that is, comparable 
with the time scale of the solar cycle. As far as the origin of these 
thin flux tubes is concerned, it has been pointed out that a 
large-scale azimuthal field which decreases with height 8 
unstable?, again by the mechanism of magnetic buoyancy, and 
would break up in the required way within a time of order Н/У, 
where H is the scale height for the density p and 


V m B/ (up) ^ (1) 


is the Alfvén speed. This ‘break-up’ time is also much less than 
10 yr except at the very bottom of the convection zone. The 
conclusion of this argument is that the dynamo must function at 
the very bottom of the zone with a field strength of —100 G; such 
a field is barely enough to account for the total flux emerging 
from the Sun in the course of one solar cycle". 

As flux tubes rise they encounter lower background pressures 
and if they are horizontal they expand in cross-section. Their 
magnetic field therefore drops, and it has been argued that the 
concomitant reduction in their magnetic buoyancy can substan- 
tially increase the time they take to reach the solar surface. The 
matter is complicated, however, by the fact that by bending, so 
that some portions are higher than others, the ‘crests’ can largely 
‘retain their magnetic buoyancy by off-loading’ some of the gas 
down the arms of the tube to the 'troughs', which proceed 
upwards rather more slowly as a result. The initial instability 
mechanism certainly uses this process, so that the most rapidly 
growing disturbances have non-zero wavelength (in fact, 
comparable with the magnetic field scale-height) along field 
lines*", and it is natural to expect this bending of the field lines to 
persist even when the amplitude of the disturbance becomes 
large. 

Further bending of the tube, of a different kind, will result 
from the action of the Coriolis force (due to the Sun's angular 
velocity N) on the material sliding down from the crests to the 
troughs; this imparts an anticyclonic twist ф to the crests, which 
аз a result do not break the surface quite along a line of latitude. 
This is thought to explain the fact that the ‘leading’ sunspot of a 
bipolar pair is normally closer to the Equator than the ‘follow- 
ing’ spot*. The observations demand that typically ф ~ 10°. 

Recent studies of instability by magnetic buoyancy in a rotat- 
ing system*?°, however, suggest the solar rotation exerts a much 
stronger influence than this on the entire mechanism: the 
dimensionless parameter 


РЕЗЕ 
sa (2) 


is large throughout most of the convection zone for an azimuthal 
field of 100 G, ranging from ~20 at a depth of 30,000 km to 
~500 at the bottom of the zone (~200,000 km depth). It turns 
out that magnetic buoyancy instability does not then develop on 
the Alfvén time scale H/ V at all, but on the much longer time 
scale : 

r~ TL @) 
This is ~10 yr at 30,000 km depth, again for a field of 100 G, but 
far exceeds the time scale of the solar cycle at greater depth. 
Further, if the effects of turbulent diffusion are taken into 
account instability does not take place at all unless 


y? 
20m 
is greater than about unity. With turbulent diffusivities т] of the 


€m (4) 
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kind usually envisaged''?, that is 105-10? m? s~’, € i ~107? or 
so throughout much of the zone. 

Suppose, therefore, that the azimuthal field were much larger, 
say at least 1,000 G. The parameter € might just about exceed 
unity (n is somewhat uncertain’), while the time scale T ranges 
from a few weeks at depths of 30,000km to ~10 yr at 
100,000 km. In the bottom half of the convection zone we would 
not expect even a 1,000-G field to break up by magnetic 
buoyancy instability within the time scale of the solar cycle. 

The most rapidly-growing mode has a wavelength along field 
lines of order H, as in the absence of rotation, and the original 
fleld again breaks up into isolated flux tubes with 'crests and 
troughs'. What happens to these tubes when they have floated 
up and distorted a significant amount is beyond the scope of the 
linear instability theory, but it seems natural to suppose that the 
rate of rise will then be comparable with the actual gas velocities 
a involved, and that the time scale will be comparable with that 
for the instability. Then the rate of rise and u will be of the order 
V^/f1H, which is much smaller than the Alfvén speed, and 
implies that the Coriolis forces (per unit mass) 2000 and the 
Lorentz forces u^! (V,B),B will be of comparable magnitude. 
This avoids a contradiction that arises if one assumes that 
rotation plays only a rather minor role and that the rate of rise 
and u are of order V (see above): the ratio of Coriolis forces to 
Lorentz forces is then (1H/ V and very large (for a 100 G field), 
indicating that rotation must, in reality, have had a crucial effect 
on the motion of the tube. 

Consideration of magnetic buoyancy may place restrictions 
on solar dynamics which are rather different to those which have 
recently been suggested, because the rotation of the Sun has a 
very strong influence on the mechanism. Fields of 1,000 G might 
be retained in the middle of the zone for 10 yr or so; deeper 
down even stronger fields could be retained. If magnetic buoy- 
ancy is responsible for bringing to the surface the fields that are 
observed, their origin must be strong (21,000 С) azimuthal 
fields in the top half of the convection zone. Such fields would 
make it easier to account for the total flux emerging from the Sun 
in the course of a solar cycle’, and would also give the rising flux 
tubes more resistance to Coriolis twisting, which together with a 
shorter travel distance to the surface (compared with the full 
depth of the convection zone) would help keep 4 at a relatively 
small value. 
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Possible use of 
“Ca for radioactive dating 


A LARGE number of cosmogenic isotopes have been suggested 
for use in radiometric dating’. One which has not received much 
attention is “Са (half life t= 1.3 X 10? yr (ref. 2)). This is 
probably due to its small expected concentration in natural 
samples and the difficulty m detecting its pure electron capture 
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decay. On the other hand, the importance of calcium in many 
geochemical and biochemical cycles ensures that any method of 
dating this element would have widespread application. Recent 
important developments in the detection of radioisotopes using 
accelerators have motivated us to look at this question. We show 
here that use of *'Ca as a dating tool may indeed be feasible. 

Most proposed cosmogenic dating nuclides are formed by the 
interaction of cosmic-ray primary and secondary particles with 
the Earth's atmosphere. The only significant components of the 
atmosphere which can give rise to *'Ca are krypton and, with 
low energy a particles, argon. As the abundance of Kr in the 
atmosphere is only ~107*%, and the effect of a particles small, 
production by this means is also small. Calcium is, however, a 
fairly abundant element in the Earth's crust. Here, the reaction 
“Ca (n, y) “Ca can take place with slow neutrons. At the 
Earth's surface such a process is favoured both because of a 
fairly large cross-section (o = 440 mb for thermal neutrons), and 
because the downward moving neutrons in the atmosphere are 
rapidly thermalised by the ground, giving rise to a significantly 
enhanced slow neutron flux at the air-surface interface?. 

The concentration of *'Ca after exposure to a flux (f) of 
neutrons for a time (г) is given by 


^1Ca/** Cg = а —exp (-0.6931/1,,,)) 


Using a value of 3x 107? n cm? s^! for the thermal flux’, and 
t> 15, We get a ‘saturation’ value of **Ca/*?Ca ~ 8 x 107^. This 
corresponds to an activity of ~1х 107° disintegrations per 
minute per gramme of Ca—about 10^ times smaller than for 
contemporary '*C. In addition, the decay of “Са takes place by 
orbital electron capture directly to the ground state of “К. 
Therefore, the only radiation given off is the low energy 
(3.3 keV) X ray from the “К. It is these factors which have 
discouraged consideration of this isotope as a dating possibility. 

Radioisotope detection with accelerators? has the advantage 
of high sensitivity, independent of the mode of decay. The 
technique has already been successfully applied^? to measure- 
ment of °H, '*C, Be and *°Cl, and shows great promise for 
some other long-lived isotopes (several variants of this tech- 
nique are described in ref. 9). To measure a “'Ca/*°Ca ratio of 
<107'*, a machine capable of producing a “Са beam of 210" 
particles per second would be desirable. As each gramme of Ca 
having the above ratio contains only —10? atoms of *'Ca, we 
would also like to have an overall acceleration efficiency of 
21075. For reasons given below, it might be necessary to 
accelerate the “Са ions to aff energy of 2300 MeV. There is at 
least one accelerator in which Ca beams meet the above 
requirements". Several superconducting or two-stage 
accelerators proposed or currently under construction should 
also have such a capability. Also, by including a ‘pre-enrich- 
ment’ step (for example, using an isotope separator), the above 
intensity requirement could be reduced significantly. 

The main interference in such a measurement is expected to 
come from saturation of the detecting element with a large flux 
of natural *'K. In this case the technique of absorbing the 
interfering ion cannot be used because the range of the “К is 
greater than for “Са. It may be possible to make a sufficiently 
good chemical separation of the sample to avoid this difficulty. 
However, an even more elegant technique would be to use the 
fact that *'K can never have an atomic charge of +20. Thus, by 
accelerating the *'Ca ions to sufficient energy (2300 MeV) for a 
significant fraction of them to be fully stripped, they can be 
magnetically separated from the “К. We have recently 
confirmed the feasibility of this technique by separating 200- 
MeV beams of А1 and "Mg at the ALICE accelerator at Orsay 
(unpublished work). Such a procedure would also be applicable 
to other isotopes, such as °С], Mn and ??Ni, which have 
nuclear charges greater than an interfering isobar. 

To be of optimum use as a dating tool, the production and 
decay of the radionuclide must be clearly separated in time. 
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With species formed in the atmosphere, this separation is quite 
natural. For a radionuclide formed in the lithosphere, such a 
separation means that the material being considered must be 
removed from (or exposed to) the source of the irradiation flux 
in a time which is short compared with the relevant half-life. For 
nuclear active bombarding particles such as neutrons, the 
shielding required to reduce production :o negligible levels is of 
the order of 500 g cm”. 

Some of the interesting possibilities o: using isotopes formed 
in this way have been discussed by Davis and Schaeffer!’ in 
connection with **Cl. For example, one can determine when 
presently exposed samples were brough: to the surface (such as 
by volcanoes, glaciers, or changing river patterns). 

In the case of Ca, a potentially interesting application is the 
dating of CaCO, in sediments. Here the ‘age’ measured would 
be the time since the “Са was removed from its equilibrium 
concentration in the overlying water. The most promising 
environments for such an application are bodies of water (such 
as lakes) where the Ca residence time is short compared with the 
“Са half-life. In the oceans, the estimated residence time is 
~10° yr (ref. 12). As this is about seven times the *'Ca half-life, 
the equilibrium ratio of *'Ca/*°Ca in the eceans is expected to be 
about two orders of magnitude less than the injection ratio. A 
*Ca/^Ca ratio of 107°% or smaller would almost certainly 
necessitate a pre-enrichment step before measurement with an 
accelerator. In addition, at such low concentrations one must 
begin to worry about other rare production modes, such as those 
induced by muon capture or natural radioactivity. However, 
even here a comparison of the injection ratio of 'Ca/"?Ca with 
that found in various parts of the oceans tor sediments) might be 
useful for studying ocean circulation patzerns. 

The most exciting application of *'Ca :s that it might be used 
for dating animal (including hominid) remains in the interval of 
—5 x 10*-10° yr: the bones of most vertebrates consist of cal- 
cium phosphate. Most of this Ca comes. directly or indirectly, 
from plants which have absorbed it from near surface water. The 
mean rate of erosion on the Earth's surface is estimated to be 
—5 cm per 10? yr (ref. 13). Thus, on average, material will rest 
within 1 m of the surface for ~20,000 yz. Of course, the actual 
values vary considerably, depending on the location, climate, 
type of rock and so on (for example, in low relief tropical 
regions, which may be among the most interesting for this 
application, the estimated surface residence time can approach 
10* yr (ref. 13)). In addition, being readily soluble, there can be 
exchange between surface Ca and that dissolved from deeper 
Sources. At present we find it difficult to evaluate the overall 
effect of these factors. Ultimately they can probably only be 
determined by experiment. However, ignoring the effects of 
exchange, we estimate that surface water would typically have a 
^'Ca/""Ca ratio of ~107'°. In such a circumstance, “Са would 
offer a possibility for dating in an analogous way to “C. One 
could take advantage of the fact that the living sites for early 
hominids were often grottos having the prerequisite shielding to 
stop production of “Са. Thus the *'Ca/""Ca ratio in fossil 
remains in such sites, compared with the initial ratio, would be a 
measure of their age. Even if, as is likely, the initial *'Ca/*?Ca 
ratio were not universally constant, it might be possible to 
‘calibrate’ the technique at various epochs and locations, using 
dates obtained by other methods. 

Although it will take a careful evaluation, and eventually 
experimental verification of the assumptions made here, we 
believe that radioactive dating using *'Ca may turn out to be a 
very important procedure. We are optimistic enough to be 
currently working on an experimental test of these ideas. 
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Strontium isotope evidence for 
petrogenesis of 
Central American andesites 


THE active volcanic belts of Mexico and of Central America can 
be considered in two groups (Fig. 1). The Mexican volcanic belt 
(MVB) forms an irregular line trending away from the Middle 
America Trench, running from Ceboruco and Colima in the 
west to San Martin on the Caribbean coast’. In contrast to the 
MBV, the active Central American volcanic belt runs some 
1,200 km from southern Mexico (Tacaná) and Guatemala to 
Costa Rica, broadly parallel with the Middle America Trench!. 
With the exception of the alkaline volcano San Martin?, these 
are all calc-alkaline andesite volcanoes’. Between Mexico and 
El Salvador, the volcanic chain is built on a crust which includes 
Precambrian and Lower Palaeozoic crystalline rocks**. South- 
east of El Salvador, in Nicaragua and Costa Rica the crust is 
composed mainly of Cainozoic volcanic and sedimentary rocks 
resting on Cretaceous ultramafic complexes* ©. This change in 
basement character does not seem to be reflected in the 
composition of volcanic rocks’. Here we report new Sr isotope 
data for Cainozoic volcanic rocks from Costa Rica, and by 
comparing these with earlier published data we conclude that all 
of these volcanic rocks have their origin in the mantle and that a 
sialic contribution to their origin is insignificant. 

Sr isotope data for Cainozoic volcanic rocks from Central 


San Marta * 


MEXICO 
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America have been published for most of the area shown in Fig. 
1. These include data for Mexico*?, Guatemala!^!!, E] Salvador 
and Nicaragua’®, and Costa Rica'?, In addition to the volcanic 
rocks, Pushkar has reported Sr isotope data for pre-Cainozoic 
basement rocks from Guatemala and Honduras!?. For Costa 
Rica, the only reported Sr isotope data are seven analyses 
determined by Montigny et al.. These include one and four 
samples respectively from the active volcanoes Irazá and Pods. 

We have determined Sr isotope data for 10 Recent lavas and 
juvenile blocks from the active volcanoes Arendal (four), Pods 
(four) and Irazá (two). The lavas from Póas are Pleistocene- 
Recent, whereas those from Arenal were erupted during 1978, 
and the blocks from Irazi were erupted during 1963-64. Sr 
isotope ratios were determined on a VG-Micromass 30 mass 
spectrometer using chemical and mass spectrometric techniques 
described elsewhere". Measurements of the Eimer and Amend 
standard SrCO, carried out during this work yield an overall 
mean of 0.70812 + 1. Rb/Sr isotope ratios were determined by a 
precise X-ray fluorescence technique’. The Sr isotope ratios 
and related analytical data for the Costa Rican lavas are presen- 
ted in Table 1. Because the analysed samples are all geologically 
young («1 Myr, but most are «20 yr), the "Sr/*éSr ratios 
presented in Table 1 are taken as initial ratios. These data are 
shown as a plot of "Sr/'5Sr against "Rb/*SSr in Fig. 2, which 
also shows fields of some previously determined Sr isotope data. 

Table 1 shows that Sr isotope compositions of Costa Rican 
lavas from Arenál and Pods show slight but significant internal 
variation within the range 0.7036—0.7042. The samples from 
Irazü have "Sr/*5Sr ratios of 0.7036—0.7037. Although there 1s 
considerable variation in Rb/Sr (similar to that shown by Mexi- 
can lavas) there is no correlation of "Sr/*^Sr with "Rb/*6Sr 
either for individual sets of data or for the data as a whole. The 
relatively imprecise Sr isotope ratios of 0.7037—0.7055 reported 
for Costa Rican lavas by Montigny et al.” are within the range of 
Sr isotope data we have reported for the Mexican andesite 
volcanoes of Nevado de Colima, Colima, and Ceboruco, and the 
alkali basalt volcano San Martin’. Sr isotope values (also 
determined in the Oxford Isotope Laboratory) for lavas from 
the Guatemalan volcanoes Santa Maria and Santiaguito are 
0.70396+6 (ref. 11) and hence indistinguishable from the 
values reported above. Earlier Sr isotope ratios determined for 
lavas from Guatemala, El Salvador and Nicaragua by Pushkar’? 
fall within the range 0.7031—0.7049 (13 samples), but are mostly 
within the range 0.7037-0.7044 (11 samples; see Fig. 2). In 
contrast, Sr isotope values for pre-Cainozoic metamorphic and 
igneous rocks from Guatemala, Honduras and Nicaragua are 
largely within the range 0.71—0.75 (ref. 10). 


Fig. 1 Volcanoes and plate 


Honduras and Nicaragua separates 

an area with older pre-Moesoroic 

crust to the north-west from an area 

with continental crust of upper 

Mesoroic-Cainozoic crust to the 

touth-east. See text for further dis- 
cussion. 
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Fig.2 Р1оїоЇ®7$г/®®5т against ®’Rb/**Sr for volcanic rocks from 

Mexico and Costa Rica. The outlined fields A-C are for volcanic 

rocks from Mexico (refs 8 and 9). Field A is for lavas from San 

Martin, B is for lavas from the Colima and Toluca areas and C is for 
lavas from Ceboruco (see ref. 9, Fig. 2). 


The above Sr isotope ratios for volcanic rocks of Mexico and 
Central America are all within the range reported for lavas from 
volcanic arcs where sialic crust is absent!? ^" and show no 
significant difference between the MVB and north-west Central 
America (pre-Cainozoic sialic crust) and south-east Central 
America (largly Cainozoic sialic crust). The low Sr isotope ratios 
for Mexican and Central American andesites, commonly within 
the range 0.7035-0.7040, suggest that sialic bulk contribution to 
their origin is insignificant. 

The Sr isotope data provide clues to the origin and subsequent 
evolution of andesitic magma. First, the new results confirm that 
andesites from many oceanic and continental provinces are 
derived from a source region with *'Sr/*5Sr ratios within a 
relatively narrow range of —0.7035-0.7045 (see refs 9, 18, 19). 
This range is slightly but significantly higher than the source 
region of ocean floor basalts (0.702-0.703: ref. 18), and the data 
could be interpreted in terms of a model, developed from Sr and 
Nd isotope data, in which andesites are produced by partial 
melting of mantle wedge which has been enriched in *"Sr as a 
result of fluids driven off the descending oceanic slab?*?^. 
However, the Sr isotope compositions of the andesites lie within 
the range reported for oceanic and continental alkali 








basalts?:15?9?3. and derivation from such a mantle source cannot 
Table 1 Analyses of Costa Rican lavas 
Specimen Rb* Sr* | 
Мо. (p.p.m.) (ррт) ®?ҢЬ/®©$гї 875, /8Srt 
Arenal 
ARI 10.5 697 0.043 0.70417 x8 
AR2 | 11.2 709 0.046 0.70392+8 
AR3 10.9 702 0.046 0.70389+8 
AR4 10.9 709 0.043 0.703802 5 
Poás 
PS 39.9 509 0.226 0.70392+7 
Р10 48.7 486 0.289 0.70378 +7 
P50 48.5 524 0.269 0.70365 +8 
Р52 26.5 580 0.133 0.70371+7 
Itazü 
IRI 54.4 780 0.203 0.70369 27 
IR2 105 643 0.475 0.70364 +6 





* Determined by X-ray fluorescence. Mass absorption coefficients 
estimated from Compton scattering, concentration data about +5%. 

t Average precision +1% (for X-ray fluorescence techniques, see ref. 
14). 

t Within-run precision quoted at 20 error. 
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be excluded^*. Hence variation in the Sr isotope composition 
might result from small-scale mantle inhomogeneities. This 
cannot be evaluated without further Sr and Nd isotope studies, 
but data reviewed below suggest that some of the small-scale Sr 
isotope variations might result from processes occurring within 
the crust rather than the mantle. 

The ?*U-?*?Th radioactive disequilibrium method has been 
applied to Costa Rican lavas by Allègre and Condomines”’, 
These workers analysed rock and mineral samples from Irazú 
(six samples, including a ‘volcanic bomb’ from the 1964 erup- 
tion, Pods (two samples) and Arenal (ore sample). For the Irazá 
samples, ?*U-?*?Th mineral isochrons indicate crystallisation of 
the lavas at times between 1.1х 10? vr and the present day 
(equivalent to 1964). By considering the evolution of the initial 
239Th/???Th ratio with time, Allègre and Condomines argue that 
the Irazú lavas evolved from a magma chamber established at 
1.4x 105 yr BP, with *°Th/*?’Th=0.81. Assuming a similar 
initial ??Th/?*??Th and source U/Th ratio, the samples from 
Arenal and Pods must have evolved from independent mag- 
matic systems established respectively at 3.5 х 10^ yr and 5x 
10* yr BP. These data may be interpreted as indicating the 
presence of a magma chamber below each of the three Costa 
Rican volcanoes. It seems plausible. therefore, that small 
variations in Sr isotope composition, both within and between 
volcanoes, are the result of processes (such as selective 
contamination) which take place within the magma chamber. 

Rock samples from Costa Rica were collected during a visit 
sponsored by Earthwatch (Educational Expeditions Inter- 
national) and the Center for Field Research (Belmont, 
Massachusetts). We thank S. Raccichin:, J.-D. Andrade and the 
Universidad Nacional at Heredia for assistance with fieldwork in 
Costa Rica. The isotope work at Oxford is supported by NERC. 
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Calibration of Grenvillian 
palaeopoles by “А г/?Аг dating 


PALAEOPOLES from the exposed Grenville Province of the 
Canadian Shield are displaced from those of the remaining 
shield. It has been proposed that these poles record either a 
Precambrian plate collision ~ 1,000 Myr (refs 1-3) or manifest a 
large rotation and translation of the entire extant North Ameri- 
can crust^?. Geological evidence in support of the collisional 
hypothesis is largely lacking; for example, an acceptable suture 
zone has not been located. The critical evidence for a choice 
between the two-plate and one-plate tectonic hypotheses must, 
therefore, come from dating these palaeopoles because if the 
magnetisations were acquired contemporaneously with those of 
the Logan Loop (=1,000-1,200 Myr), then the two-plate or 
collisional hypothesis is probably correct. We present here an 
empirically derived cooling curve for the Haliburton basic 
intrusions within the Grenville Province. These intrusions are 
located in a region of high-grade metamorphism, upper amphi- 
bolite to granulite facies. Their emplacement times are not 
known, but in the Haliburton Highlands cooling from the 
culmination of regional metamorphism, not contemporaneous 
throughout the Grenville Province, began —1,050 Myr ago’. 
This is the first cooling curve for an orogen to be derived solely 
from isotopic data; that is, the first for which both temperature 
and time have been determined from the same samples. Using 
this as a calibration curve, we show here that the thermal 
remanent magnetisation (TRM) components from the Halibur- 
ton basic intrusions were acquired between —980 and 820 Myr 
ago during slow cooling and that, consequently, the two-plate 
hypothesis is improbable. 

With the rapid extension in recent years of palaeomagnetism 
to Precambrian rocks in orogenic belts and the subsequent 
discovery of multicomponent natural remanent magnetisations 
(NRMs) (see ref. 8 for references), it has become clear that the 
acquisition times for TRM components are not always directly 
defined by an isotopic date. In slow cooling conditions, the 
Rb-Sr whole-rock and K-Ar mineral clocks will record different 
times. Hence, the TRM acquisition times will be indeterminate. 
Furthermore, for a history of successive reheating episodes, 
rather than one of slow cooling, the conventional K-Ar and 
Rb-Sr dating techniques often lack the requisite discrimination 
so that partially reset dates will be confused with totally reset 
dates. 

To overcome these limitations, we have applied detailed 
(15-step) incremental heating, '"Ar/"Ar experiments to a 
variety of minerals, including some types traditionally shunned 
in K-Ar dating. These minerals were chosen from the same 
samples studied palaeomagnetically? from the Bark Lake and 
Dudmon dioritic bodies and the Glamorgan gabbro-anorthosite 
complex in southern Ontario. Using the "Ar/?*Ar method as a 
diffusion experiment, we have calculated Ar closure tempera- 
tures for each mineral with Dodson's formula?, as first suggested 
by Buchan et a[?. The required diffusion coefficients were 
calculated by the method of Fechtig and Kalbitzer'". These 
closure temperatures are insensitive to uncertainties in the 
assumed cooling rate? and so the formula can most profitably be 
applied to Precambrian orogenic belts where a slow cooling 
following uplift and erosion is likely to have occurred. By thus 
establishing a cooling curve from isotopic studies, we can 
directly date TRMs using their empirical blocking temperatures. 

In detailed’ palaeomagnetic studies**, the Haliburton 
intrusions have yielded three NRM components, two of which 
are probably partial TRMs (PTRM) and sometimes occur within 
the same specimen. The component with the highest laboratory 
blocking temperature gives a palaeopole, Hbi, at the southern 
limit of the Grenvillian poles and near southeastern Australia, 
and the second PTRM component has a pole, Hbs, at the 
northern limit (Fig. 2). The inferred direction of apparent polar 
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wander (APW) is from south to north'?. As a reasonable 
approximation in this first attempt at the direct dating of multi- 
component TRMs from orogenic belts, we used field blocking 
temperatures estimated by the conventional static temperature 
method’??? rather than the kinetic temperature approach 
developed by York'*'^ that is formally analogous to the 
approach used here with isotopic closure temperatures. From 
the theoretical curves of Pullaiah and others, we estimate that 
the bulk of the Hb, PTRM component carried by magnetite was 
acquired in the range 520-570 *C and that the bulk of the Hb, 
component carried by hematite, if PTRM, was acquired in the 
range 600-650?C. We thus assign a probable maximum 
acquisition range for the Hb, component of 520-650 °C by the 
static method. Similarly, field temperatures of not more than 
250*C could explain the laboratory blocking temperatures up to 
450 °С for the Hb, PTRM carried by a titanomagnetite. We thus 
have an ideal situation for dating, having rocks with PTRMs 
acquired ~300°C apart and with palaeopoles about 60° apart 
latitudinally straddling the entire group of Grenvillian palaeo- 
poles. 
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Fig. 1 An isotopically derived cooling curve for the Haliburton 
area using revised decay constants’®. A cooling rate of 5° Myr™! 
was assumed in Dodson's formula for all but the three rightmost 
points, for which 0.5? Myr”? was chosen. The error bars are 10. 


We have dated six hornblendes, five relatively coarse biotites, 
six plagioclases and one potassium feldspar. Experimental 
details will be described elsewhere. All of the biotites and four of 
the hornblendes as well as the K-feldspar gave excellent pla- 
teaus over at least 9096 of the released Ar. There were also 
significant age differences among the biotites, even from the 
same intrusions, and between the biotites and hornblendes. 
These remarkable facts can best be interpreted as due to a 
slow-cooling history and are least compatible with a history 
comprised of a sequence of episodic thermal events. Such events 
cannot partially reset coarse biotites and the sensitive K-feld- 
spar without leaving anomalous and irregular age spectra". One 
of the interesting discoveries in this project was that plutonic 
plagioclases, previously considered unreliable K-Ar clocks, 
yield plateau segments in the laboratory temperature range of 
=700-900 °С and that these plateaus have chronological 
significance. Specifically, in the only sample with coexisting 
K-feldspar and plagioclase, the plateaus for these minerals are 
concordant. In calculating the diffusion coefficients for plagio- 
clases, we have treated the Ar corresponding to the plateau 
segments as an independent phase. We used two conservative 
criteria to classify Ar closure temperatures as reliable or unreli- 
able. First, a plateau consisting of at least five consecutive gas 
fractions must exist. Second, the diffusion coefficients cor- 
responding to at least these five steps must lie on a statistically 
well defined straight line in an Arrhenius diagram. 

The overall pattern of closure temperatures shown in Fig. 1 is 
internally consistent with a slow cooling interpretation and the 
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Fig. 2 A proposed Grenville Loop APW path. The calibrated 

part (solid) corresponds to a minimum average drift rate of 

5 cm yr’. The symbols and identity of unlabelled poles are given 
elsewhere >”. 


temperatures are geologically reasonable. For example, those 
for the hornblendes are less than the expected maximum 
temperatures (~700 °C) during the peak of metamorphism in 
this area’*. Therefore, with this cooling curve, we assigned 
acquisition times of 980 + 10 Myr (520-650 °C) for component 
НЬ, and =820 Myr (=250°C) for НЬ,. In this way, we have 
calibrated the APW path for many of the Grenvillian palaeo- 
poles. 

All of the known reliable Grenvillian palaeopoles are plotted 
in Fig. 2 as well as poles for the Tudor gabbro (Tu) and Steel 
Mountain anorthosite (St) which occur within the Grenville 
Province. Superimposed is our proposed Grenville Loop with 
the calibrated track bounded by solid lines. 

Although the shape, position and sense of direction of this 
loop have already been proposed!??^, the new time limits 
significantly alter the previous tectonic interpretations. Our 
calibrated track represents a minimum average drift rate of 
7-5 cm yr !, certainly more reasonable than the rates of 10- 
20 ст уг deduced from some previous tectonic 
interpretations !?7?', Earlier proposed Grenville Loops that lap 
back on themselves?'?? have used very approximate and 
indirect age assignments and should be viewed as first approxi- 
mations to more refined definitions of APW paths based on 
direct dating procedures such as that outlined here. We must 
reject the two-plate hypothesis because the ages assigned to our 
calibrated track are much younger than required by that hypo- 
thesis (71,000 Myr north of the Equator on the northwards 
segment). 

There is support for this calibration from other dating studies. 
Reynolds? has assigned a =910 Myr date to the Frontenac Axis 
dikes (Fr) pole, previously thought to be =690 Myr. 
Dallmeyer?^ has placed the Indian Head (In) pole at ~900 Myr. 
Dallmeyer and Sutter? assigned a date of 980—1,010 Myr to the 
Whitestone diorite (WD) pole. Although the confidence ovals 
for the Hb, and WD poles overlap slightly, by interpolation in 
Fig. 2, the WD magnetisation has probably been acquired in the 
900-980 Myr interval. The main cause of the apparent dis- 
crepancy between this acquisition time and that suggested by 
Dallmeyer and Sutter is their choice of a much lower closure 
temperature (500—550 °C) for their hornblende (see ref. 26). We 
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think such estimates from the literature are only first approxi- 
mations (they ignore sample differences, for example) and may 
yield only lower limits to this temperature. 

The dashed, southwards track is unca.ibrated but does contain 
poles of probable age 1,000-1,100 Мут such as the Cardenas 
Lavas and Pikes Peak Granite poles?" those from the Jacobs- 
ville sedimentary formation? as well as those of the Nonsuch 
shale and the Freda sandstone”. Pole Me, from the Mealy 
Mountain anorthosite* and poles Th, end Th; from the Thanet 
gabbro in the Hastings Basin", if TRM components, are pre- 
dicted from Fig. 2 to have acquisition times of =980--1,020 Myr. 
The dashed segment between Hb; and Tu is entirely speculative 
because no reliable date can be assigned to Tu or St. Although 
the palaeomagnetic literature often quotes a 680 Myr date"* for 
Tu, the original authors?" emphasised their uncertainty 
concerning the event represented by this date. A further 
complication is the presence of North American Cambrian poles 
within a swath roughly from Tu to Fr^'??. We are therefore 
unsure how an APW path should be constructed after Hb;. 

We reject the Hadrynian Track of Morris and Roy"? and the 
Hadrynian Loop of Irving and McGlyrn*' because not only are 
the dates of some of their critical rock Units very suspect (Tudor 
gabbro, Franklin diabase and Aillik d:kes) or incorrect (Fron- 
tenac Axis dikes), but also the time of acquisition of the Stoer 
Group magnetisation may be quite different from the precise 
970 Myr (new decay constant) Rb-S- date. Rb-Sr dates on 
sedimentary rocks are ambiguous ^^. 

In conclusion, through the exploitation of the '"^Ar/"?Ar 
incremental heating technique as both a diffusion experiment 
and a method of dating, we have calculated a cooling curve for 
the Haliburton intrusions and thereby have calibrated the 
northward track of a proposed Grenville Loop. The assigned 
dates are incompatible with the collisional or two-plate hypo- 
thesis as an explanation of the displaced Grenvillian palaeo- 
poles. This is not to say that such a coll sion did not occur or did 
not influence the so-called Grenville Crogeny but rather that it 
has not been recorded palaeomagneticzlly. What is recorded is a 
translation and rotation of Grenvillia and Interior Laurentia". 
The role of any such collisional process is likely to have been 
similar to that proposed by Dewey and Зигке?? with a collisional 
zone south-east of the Grenville Province and now hidden under 
the Appalachians. 
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discussions, also Peter Kuybida and W. J, Kenyon for technical 
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Pore water sampling in anoxic 
carbonate sediments: oxidation artefacts 


ANY exposure of anoxic estuarine sediments to the atmosphere 
during sample handling and processing can lead to decreased 
values of ferrous iron', reactive phosphate" and reactive silicate? 
in the pore waters of these sediments. Thus, the mishandling of 
anaerobic sediments and their pore fluids will in turn lower 
calculated diffusional fluxes of these compounds from the sedi- 
ments into the overlying water. To date, this oxidation effect has 
only been documented for clastic sediments rich in iron. We 
present data here which indicate that a similar phenomenon 
occurs when anoxic iron-poor, carbonate-rich sediments are 
exposed to an oxidising milieu. 

A core was taken during June 1978 from a shallow water 
sub-tidal area in Coot Bay on the northeastern shore of 
Bermuda. Previous data^^ collected in the summer of 1977 
indicated that the sediments were anoxic and alkalinity and 
nutrient regeneration was occurring. The core was obtained by 
hand by carefully pushing a 6.6 cm i.d. polycarbonate core liner 
into the sediment. 

On retrieval, the core was placed into a polyvinyl chloride 
core carrier, purged with nitrogen and returned to the Bermuda 
Biological Station for Research. The time between the taking of 
the sediment sample and the initiation of the pore water extrac- 
tion in a nitrogen-filled glove bag was ~15 min. 

The core was extruded in the glove bag under nitrogen and 
sectioned into six 10-cm segments. While in the glove bag, the 
core sections were cut in half vertically using a Teflon coated 
spatula. One half of the six core sections was placed into a 
500 ml linear polyethylene (LPE) centrifuge bottle which had 
been previously cleaned for trace metal analysis. The bottles 
were centrifuged at 10,600g at exactly in situ surface sediment 
temperatures under nitrogen. 

This set of centrifuged samples was placed back in the 
nitrogen-purged glove bag and filtered through precleaned 0.4- 
gm Nuclepore filters". The filtered samples (10 ml) were then 
pipetted into a 60-ml conventional polyethylene (CPE) bottle 
and within 30 min were analysed for pH and titration alkalinity. 
The titrated sample was later analysed for sulphate, calcium, 
phosphate and reactive silicate. The remainder of the filtered 
sample was decanted into a 60-ml CPE bottle which had been 
cleaned as described by Patterson and Settle? and immediately 
acidified to 1% with concentrated Ultrex nitric acid for later 
trace metal analysis. 

The other set of samples was processed in a similar manner 
except for two important differences: (1) the samples were 
removed from the N, atmosphere and exposed to the atmos- 
phere of the laboratory for 10 min before being placed in the 
centrifuge bottles; (2) the filtration and pipetting steps were 
carried out in the laboratory atmosphere instead of in the glove 
bag. The filtering and pipetting of the supernatant pore water 
took ~5 min for each sample and while one sample was being 
processed the others were kept in the glove bag under nitrogen. 
Therefore the maximum atmospheric exposure for each sample 
was 75 min. 

Phosphate analyses were run on a Technicon Auto Analyzer 
Il system’ after a 2:1 dilution. The differences between dupli- 
cate dilutions never exceeded 2%. Reactive silicate was 
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analysed using the method of Strickland and Parsons? modified 
for pore water by Presley?. Replicate analyses indicate a stan- 
dard deviation of +1 uM I. Total reactive iron was analysed 
colorimetrically’? using the Technicon Auto Analyzer П 
system! with a coefficient of variation of < +0.05 uM I^. The 
samples were never frozen and all the analyses were carried out 
within 5 weeks of sample collection. 

We found that there was a decrease of Fe of 81% in the top 
25 cm of the core when the samples were exposed to laboratory 
air compared with the subsamples processed under nitrogen 
(Fig. 1). These two sections have iron concentrations 71.80 „М 
(100 ug1^). Below this concentration the dissolved iron is 
apparently not affected by the atmospheric exposure. The dis- 
solved phosphate data parallel the iron in that the greatest 
differences between the nitrogen processed samples and those 
exposed to the laboratory atmosphere are in the two uppermost 
core sections (Fig. 1). There is also a significant decrease in the 
PO? concentration in the lowest core section where the iron 
concentration is little affected. The reactive silicate values, with 
the exception of the 35-cm depth sample, are all lower in the 
laboratory exposed samples. There were no significant 
differences in the concentrations of pH, 5057, Ca**, Mn?* and 
titration alkalinity between the nitrogen processed and the 
laboratory exposed subsamples. 
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Fig. 1 Pore water concentrations of ferrous iron (Fe?*), phos- 

phate (POi) and silicate (SiO;) for a core from Coot Bay, 

Bermuda. ©, Samples processed after atmospheric exposure; @, 
samples processed under №. 


It seems that there is a critical dissolved iron value where 
laboratory exposures of as long as 75 min has no effect on the 
total dissolved iron concentration in the pore waters. Below this 
critical iron concentration, phosphate is also little affected by the 
presence of oxygen. The oxidation of Ее?” to Ее? is very rapid at 
neutral pH (refs 12, 13). Whether this dissolved iron is in a 
physicochemical state that is unaffected by the increased partial 
pressure of oxygen is unknown. The iron may be associated with 
dissolved organic matter’? (DOM) and the kinetics of its oxida- 
tion may be much slower than that of ionic Fe (ref. 15). It is 
interesting that pore water iron data collected before the know- 
ledge of oxidation effects tend to show ‘residual’ dissolved iron 
values close to 100 ug E! (refs 16, 17). 

Reactive silicate, however, is continually lost by laboratory 
atmospheric exposure even when the dissolved iron is 
apparently not being oxidised. These data indicate that the 
mechanism of silicate removal may not be directly related to the 
oxidation of Fe?^*. It is not known what governs the loss of 
silicate during oxidative handling and processing, nor whether 
the removal of SiO; without the oxidation of Fe?" occurs only in 
calcareous sediment. 

The data from the top 25 ст of core indicate that for every 
10 uM of iron removed during oxidation 4.5 „М of phosphate is 
lost. More phosphate per mol of iron is lost in these calcareous 
sediments than from the anoxic clastic sediments studied by 
Loder et al). This may be related to the exposure time of 
the pore water sample to the oxygen atmosphere rather 
than the effective scavenging potential of the iron hydroxide 
formed. The iron-rich clastic sediments of Loder et аі? were 
only exposed for a period of 12 min. The Coot Bay data indicate 
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that an average of 28% of the reactive silicate is lost during the 
conditions of the experiment. This is double that found by Loder 
et al.’ for clastic sediments. 

Our experiments and those of Bray ег 21°, Troup et al.’ and 
Loder et al.’ emphasise the importance of proper sample hand- 
ling if meaningful nutrient data from anoxic pore waters are to 
be obtained. Our data indicate that decreases of phosphate and 
reactive silicate in pore waters from anoxic carbonate-rich 
sediments do occur unless proper care is taken to ensure the lack 
of atmospheric exposure. Because pore water data are of 
extreme importance in understanding diagenetic pathways in 
marine sediments, '*?, and pore water exchange with overlying 
water may be extremely important in the fluxes of nutrients and 
trace metals,”°??, the collection of pore waters from reducing 
sediments must be accomplished with great care, if valid geo- 
chemical models are to be produced. 

We thank K. Wilson and M. E. Hines for technical assistance, 
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A pre-2,000 Myr old granulite facies 
metamorphosed evaporite 
from Caraiba, Brazil? 


THE identification of the first occurrence on Earth of sediments 
of evaporitic origin formed from seawater is obviously 
important not only for the study of the chemical evolution of 
ocean water but also in understanding the development of 
common sedimentary rock assemblages and the stabilisation of 
cratons. Until recently! confirmed pre-2,000 Myr old 
evaporites were unknown and indeed Ronov? maintained that 
they did not exist. Pyroxene granulite facies metamorphosed 
evaporites are also extremely rare'* and thus a pre-2,000 Myr 
old example is important. We give here a brief account of the 
mineralogy of some of the rocks found in the Caraiba mine area 
of Brazil which suggests that evaporites existed earlier than 
previously recognised and were associated with dolomitic rocks. 

The Caraiba copper deposit of Brazil is in the north of the 
state of Bahia, 9*52' S, 39*52' W (Fig. 1) being rich in chal- 
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copyrite and bornite and is associated with a sequence of high 
grade gneisses, pyroxene granulites, migmatites and possible 
meta-evaporites which together form the Caraiba supergroup, 
set in the eastern margin of the Sao Francisco craton, Granite 
gneisses which cut these high grade recks are about 2,050 3: 
70 Myr by Rb-Sr age determination, corresponding to the 
Transamazonian orogeny, so that the earlier rocks are older 
than this date and some charnockitic types in the Caraiba area 
have Rb-Sr ages of 2,900 Myr so that the metasediments could 
well be Archaean. 

The predominant rock type in the Caraiba mine area is 
enderbitic charnockite with biotite and this encloses the calc 
silicate proposed meta-evaporites bu: other rocks, such as 
granite gneisses, basic and ultrabasic granulites and pegmatoids 
come into contact with the possible meta-evaporites which are 
predominantly calc silicate diopsidites. Subordinate diopside- 
forsterite marbles, anhydrite-diopside + K feldspar granulites 
also occur. Dolomite has not been identified in the carbonate 
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Fig. 1 Geological sketch map of tae Caraiba area. 


bearing rocks. Only the diopsidites outcrop, the anhydrite- 
bearing rocks being obtained from drill-cores. Scapolite is 
present in some samples. The principal host rock for the chal- 
copyrite-bornite mineralisation is hypersthenite, and the 
mineralisation is thought to be magmatic, but the calc silicate 
rocks in contact with mineralised ultramafic or mafic rocks 
usually have some mineralisation. The occurrence of xenoliths 
of diopsidites in the hypersthenite confirms the older age of the. 
diopsidites. 

Samples range from the principal assemblage which is pure 
diopsidite, sometimes with green spinel, accessory apatite and 
sphene through dominantly two phase diopside—-anhydrite 
rocks with variable amounts of phlcgopitic mica, olivine 
(forsterite), microcline, sphene and grossular garnet to samples 
rich in calcite. Sometimes diopsidite grades into plagioclase and 
sphene bearing rocks. 

A coarse (3-5 mm) granular specimen with 51.6% diopside, 
47.5% anhydrite and 0.9% phlogopitic mica contains nearly 
colourless diopside (2V, 553; 2 лу 41=1°) with an unzoned 
composition of 54.1096 510,, 1.79% ALO, 16.74% MgO, 
24.18% CaO and 2.07% FeO (all Fe caiculated as FeO), total 
99.51% determined by electron micreprobe analysis using 
energy dispersion. This is a composition close to pure diopside 
with Caoo7(Mgo9:Feo.06Alo.os)1.028i1.07Adoo305, and contains 
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the low Al typical of many metamorphosed calc silicate rocks. 
The anhydrite (2 V, 42°) has excellent cleavages and repeated 
lamellar twining, and does not contain more than a trace of Sr. 
Such a rock, with only about 1% AlO, was clearly originally 
almost free of any clay or aluminosilicate minerals and was 
probably largely gypsum or anhydrite with diagenetic or detrital 
silica and perhaps a trace of illite. At one horizon olivine- 
anhydrite diopside samples occur with Fog4. 

Other samples are finer grained and contain grey, non- 
perthitic microcline which probe analysis shows to be nearly 
pure KA1Si,;Oxg, accessory sphene containing ~1.5% Al;O;, 
accessory pyrite and diopside with similar low Al;O; (1.73%) to 
the above but with more TiO, (0.35%) and FeO (5.20%). 
The extreme end-member contains no anhydrite and is a 
fassaite-calcite-phlogopitic mica (mol Fe/(Fe+Mg) = 0.21) 
assemblage that clearly contained much original alumino- 
silicate, presumably at least in part illite. the pyroxene in 


such samples varies in composition but 49.4% 
SiO, 5.8% ALO, 0.4% ТО, 13.2% MgO, 5.1% FeO 
(total), 0.5% MnO, 24.4% CaO is typical, giving 


Cao os( Mgo;4Feo is Mno.oi Тіо.о Alo.1:) 0381 ssAlo1sOc. This 
clearly reflects both the higher Al content of this rock, which is 
demonstrated by the quantity of mica (10%) and its АО, 
content (16%), and the high grade of metamorphism that facili- 
tated the incorporation of substantial Al in the pyroxene. This 
assemblage clearly arises from an impure siliceous or silicified 
dolomite. In view of the predominance of diopsidite the com- 
monest original sediment was presumably dolomite. 

Other samples near the calcite-pyroxene rich assemblages 
contain a highly altered unidentified sheet-like mineral 
containing about 3896 SiO, 20% АО, 24% CaO with 
4% MgO + FeO, and now partly replaced by calcite and small 
(0.04 mm diameter) euhedral nearly pure grossular garnet of 
average composition 40.02% S1O;, 22.14% ALO,, 
37.57% CaO, 0.75% MnO and less than 0.20% FeO and MgO 
with a slightly MnO enriched margin (0.91%) compared with 
the core (0.5796). Other grains of this highly altered mineral are 
replaced by clinozoisite. 

These preliminary results, obtained with an electron micro- 
probe, are under further investigation, but they may support the 
recent indications'* that evaporites existed earlier than pre- 
viously generally recognised? and were associated with dolomi- 
tic rocks, a common association in most younger evaporite 
deposits. However, it is possible that the anhydrite could have 
formed from dolomite by SQ, attack, the SO; being derived 
from oxidation of chalcopyrite to bornite and magnetite during 
the metamorphism, for some magnetite is ubiquitous. Post 
metamorphic oxidation is notably lacking and fresh sulphides 
occur in outcrops. Accordingly, the evaporitic origin is not 
certain. 

Any original halite would obviously have migrated from such 
a high grade metamorphic position but if the deposit was 
originally a sabhka-type evaporite there may not have been very 
much halite. The olivine, spinel and calcite would be derived 
from dolomite breakdown in well-known reactions. 

The electron microprobe was funded by the University of 
Glasgow. 
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Silhouette photography 
of oceanic zooplankton 


NO adequate method has been available to characterise a 
sample of zooplankton quickly and accurately. As Mullen 
noted’, although relatively rapid, measures of standing crop 
such as displacement volume, dry weight, carbon content and 
electronic size spectra do not distinguish clearly between ani- 
mals and plant or detrital material, much less between 
herbivores and carnivores. Direct microscopic enumeration has 
remained the only approach giving information detailed enough 
for many ecological studies. Unfortunately, this method is time- 
consuming, it cannot be undertaken routinely at sea, and it is 
feasible only after chemical agents have been added to ‘fix’ and 
then ‘preserve’ the sample. With time, plankton samples always 
deteriorate in preservatives, although the degree of this effect 
varies with species. We report here that a little-known photo- 
graphic technique—high-speed silhouette photography^^—can 
be used to analyse live zooplankton samples at sea. 

The photographic system we used consisted of 8x 10 inch 
Eastman fine-grain positive film 7302, an electronic flash with a 
xenon bulb (E.G. & G., Inc., FX6A) and a pulse duration of 
3x 10^ s, and a plastic tray. Lamp-to-film distance was —1.0 m. 
Immediately after collection, whole samples or aliquots of 
particularly dense samples were poured to a depth of about 1 cm 
into the plastic tray directly on top of the film. A glass plate was 
used to seal the top of the tray when seas were rough. One flash 
in a darkened room exposed the film. Samples were then 
preserved in the usual fashion (8% buffered formalin, pH —8.2). 
Because of the shortness of the flash, action was stopped and 
results were unaffected by the motion of the ship or the subjects. 
Essentially any container and any powerful electronic flash 
could be used. The latter should be arranged to approximate a 
point-source as closely as possible. We housed the small- 
diameter xenon bulb in a non-reflective tube. 


Fig.1 Actual-size silhouette of a live zooplankton sample collec- 
ted in the Sargasso Sea. 
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Fig.2a Enlarged silhouette of a copepod, Undinula vulgaris female, ~2.5 mm. b, Enlarged silhouette of a chaetognath, Pterosagitta draco 
~8 m. A fish egg lies just beyond the body trunk. c, Enlarged silhouette of a shelled pteropod, Styliola subula, ~2 mm. 


Figure 1 is the contact print of a negative produced as 
described above. The sample was collected between 0 and 89 m 
depth in the southern Sargasso Sea in February 1978 and 
represents 443 m? of seawater filtered through the 0.333-mm 
mesh of a MOCNESS net system’. The relatively large leaf-like 
animal is an eel larva at the leptocephalus stage. 

Such negatives were generally examined at sea by placing 
them between two glass plates and counting random transects 
but, also, we have projected them on a viewing screen. To be 
enumerated in a negative, the density of organisms first would be 
considerably reduced by subsampling. Because the area of a 
negative corresponds to a known volume of ocean, it can be used 
to characterise quantitatively the plankton of a region if resolu- 
tion were sufficient. 

The resolution obtained by our optic-less imaging technique 
was more than adequate for this purpose. It was possible to 
make generic and, occasionally, specific identifications of spe- 
cimens in many cases. Figure 2a-c shows enlargements of 
individual animals from actual-size negatives such as Fig. 1. The 
animals were alive when they were photographed. The copepod 
in Fig. 2a was moving rapidly and erratically. The chaetognath 
in Fig. 2b is easily identified even though the collarette is nearly 
gone, as frequently occurs in net collections. The pteropod 
mollusc in Fig. 2c has its wing-like flaps partly extended in their 
swimming position. The tissue of a preserved specimen typically 
would have contracted into an indistinguishable lump. A nega- 
tive such as Fig. 1 could not have been obtained by conventional 
photographic or photomicrographic techniques, which do not 
give the breadth of the field of view and the depth of focus 
required to accommodate the entire sample, nor the high 
resolution we obtained despite ship and animal motion. 

The rapidity, ease, and low cost of silhouette photography of 
plankton make it potentially useful to field workers with limited 
facilities. It can produce a permanent record of a live sample, 
which is unobtainable at present by any other means. Most 
important, the technique is non-destructive. Preservatives can 
be added after the image is recorded, and the sample can be 
sorted and examined on shore. 

An in situ silhouette camera system designed to assess 
zooplankton patchiness has already been tested and a pro- 
gramme has been initiated to fully automate enumeration of our 
negatives by means of computer image-analysis techniques. 
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Drinking behaviour induced 
by intracerebroventricular 
administration of enkephalins to rats 


INTRACRANIAL administration of substance P to rats inhibits 
drinking induced by water deprivation, sodium-chloride load, 
and intracerebroventricular (i.c.) injecticn of angiotensin II or 
carbachol’. It has been suggested that substance P is a neuro- 
transmitter used in primary afferent fibres terminating in the 
spinal сога? *, but recent findings suggest also that, at least in 
mice, substance P may release endogenous opioids and thus 
produce analgesia’. If cerebral effects of substance P are, at least 
in part, due to the release of endogenous opioids, these 
substances might also possess an anticipsogenic effect. We 
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describe here experiments in which we observed that enke- 
phalins administered into the lateral ventricles of rats inhibited 
drinking induced by water deprivation or by i.c. injection of 
angiotensin II. We thus provide evidence that enkephalins have 
a potent and reproducible antidipsogenic effect in the rat. 

In a preliminary operation, i.c. cannulae (o.d. 0.6 mm) were 
implanted stereotaxically in male Wistar rats. The animals 
weighed 250-300 g and were under Equithesin anaesthesia 
(3 ml per kg). They were allowed at least 10 d before testing 
began. Injections were made in conscious rats through a stain- 
less-steel injector (o.d. 0.3 mm) temporarily inserted into the 
guide cannula. The drugs were dissolved in Tyrode solution and 
injected in volumes of 1 ul. Drinking was induced by a 16-h 
period of water deprivation or i.c. injection of angiotensin II, 
100 ng per rat. The drugs used were angiotensin II (AH, 
synthetic 5-isoleucine-angiotensin 1; Calbiochem), (Leu^)- 
enkephalin (LEN), (Met^)-enkephalin (MEN) and (D-Ala’, D- 
Leu*)-enkephalin (AEN) (all Wellcome). 

In AII-treated rats, LEN and MEN inhibited drinking, but the 
effect required large amounts of peptide (100-200 ре per rat). 
Drinking inhibition was apparently dose dependent (Fig. 1a, b) 
and, as indicated in Fig. 1d, when latency between drug injection 
and the beginning of water intake was recorded, a clear-cut 
inhibition was also seen at relatively low doses (25-50 pg per 
rat). 
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Fig. 1 Angiotensin II-treated rats. Inhibitory effect of (Met)- 

enkephalin (a), (Leu*)-enkephalin (b) or (D-Ala?, p-Leu^)-enke- 

phalin (c) on water intake induced by i.c. injection of angiotensin 

П, 100 ng per rat. In parentheses, doses іп ig. Latency time after 

ic. administration of (Leu°)-enkephalin (continuous lines) or 

(Met^)-enkephalin (dotted lines) is shown in d. Points and vertical 
bars represent means + s.e. of 6-8 experiments. 


AEN was about 2,000-4,000 times as active as the naturally 
occurring enkephalins LEN and MEN. In fact, a complete 
inhibition was attained with 1 ре of AEN (Fig. 1c), whereas 
0.5 рв of the peptide had almost the same inhibitory effect as 
100 рр LEN апа 200 ug MEN. 

In water-deprived rats, LEN and MEN inhibited water intake 
(Fig. 2a). The effect was short lasting and, again, required large 
amounts of peptide (200 ре per rat). As before, AEN was more 
effective than LEN and MEN: 10 ug completely inhibited 
drinking for more than 60 min, and a clear-cut inhibitory effect, 
lasting more than 30 min, was elicited by doses as low as 100 ng 
(Fig. 2b). Lower doses (10 ng) were still effective, but difference 
from controls was not statistically significant. 
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Fig. 2 Water-deprived rats. Inhibitory effects of (Leu*)-enke- 
phalin (a, continuous lines), (Met*)-enkephalin (a, dotted lines) or 
(D-Ala^, p-Leu?)-enkephalin (b) on water intake induced by a 
16-h period of water deprivation. In parentheses, doses in pg. 
Points and vertical bars are means x s.e. of 6-8 experiments. 


In both kinds of experiments, animals which received LEN or 
MEN, 200 ug per rat, were immobile and did not react promptly 
to tactile and acoustic stimuli. This 'depressive' effect lasted 
about 5 min and disappeared before the antidipsogenic effect. 
Rats which received these substances at relatively low doses 
(25-50 ug) as well as AEN at doses of 1 ug or less did not react 
in this way. At these dose levels, enkephalins did not produce 
any nonspecific behavioural modification or modify food intake 
in rats trained to eat their daily allowance of food during a 2-h 
period, between 2100 and 2300 (Fig. 3). Naloxone, 2,000 ug per 
kg, subcutaneously, reduced but did not completely abolish the 
antidipsogenic effect of the peptides. 

The present data provide evidence that i.c. administration of 
enkephalins elicits in the rat an antidipsogenic effect which is 
potent, reproducible and dose dependent. This effect might be 
considered specific and not simply due to the depressive activity 
of enkephalins. In fact, it was evoked even by doses which did 
not affect the rats' nonspecific behaviour, as in the case of AEN, 
which was effective at doses as low as 10 ng, and was still evident 
after the 'depressive' response had disappeared, as in the case of 
LEN, 200 рв, which, in water-deprived rats, significantly 
inhibited drinking for more than 30 min. Moreover, water 
intake, but not food intake, was modified by the peptides. 

The different potency of the naturally occurring enkephalins, 
on the one hand, and AEN, on the other, may be accounted for 
by the different sensitivity of the latter to enzymatic hydrolysis, 
as a consequence of replacing Gly, by D-alanine*. 

The results of these experiments, although confirming our 
working hypothesis, give us no conclusive indication of whether 
substance P inhibits drinking by means of enkephalin release, 
nor any indication of the possible physiological significance of 
the antidipsogenic effect of enkephalins. 

Thirst is an unpleasant sensation which may be so severe as to 
be regarded as a suffering and, in a wide sense, as pain. Thus, it is 
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Fig.3 Food intake in rats trained to eat their daily allowance of 
food during a 2-h period, between 2100 and 2300 (ref. 1). Controls 
(A) received 1 plof Tyrode solution, i.c.; treated rats received 1 yl 
of Tyrode solution containing fully antidipsogenic doses of LEN 
(6, 200 ug), MEN (О, 200 ug) or AEN (A, 1 ug). Points and 
vertical bars are means + s.e. of 5-7 experiments. 
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not entirely impossible that the analgesic effect of enkephalins 
may be involved in the mechanism(s) of water intake control. 
However, the fact that the antidipsogenic effect of enkephalins is 
reduced but not abolished by naloxone suggests that it is only in 
part, if at all, due to activation of opiate receptors, 

These are entirely speculative hypotheses. Experiments are 
being carried out in our laboratory to check their validity. 

We thank Annita Nigro and Mario Fede for technical assis- 
tance. 
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Hyperpolarisation and depression of 
slow synaptic inhibition by 
enkephalin in frog sympathetic ganglion 


EVIDENCE is accumulating to support the concept that the 
pentapeptides Met-enkephalin and Leu-enkephalin, the endo- 
genous ligands for the opiate receptor, function as neuromodu- 
lators or neurotransmitters'. In the central nervous system the 
effects of enkephalins are complex and difficult to analyse, and 
their mode of action at the neuronal membrane level is still 
poorly understood. The most prominent action of enkephalins 
in the mammalian brain is depression of neuronal firing rate and 
it has been suggested that these peptides are inhibitory trans- 
mitters'?, An increase in firing rate by enkephalins has, 
however, also been reported’. The response of central neurones 
to several putative transmitter substances is depressed or 
enhanced by enkephalins, suggesting a postsynaptic action. It 
has also been shown that enkephalins suppress the K*-induced 
release of noradrenaline‘, dopamine’ and acetylcholine’ from 
rat brain slices, indicating a presynaptic effect. The firing of 
myenteric neurones in the guinea-pig ileum is inhibited by 
enkephalins. This inhibition is probably due to a direct post- 
synaptic action of the enkephalins resulting in a hyper- 
polarisation of the neuronal membrane”. Most of the effects of 
enkephalins are antagonised by the specific opiate antagonist 
naloxone. Morphine produces effects very similar to those of 
enkephalins. Because of the possible role of enkephalins in 
inhibitory synaptic transmission, we studied the effects of Met- 
enkephalin on slow synaptic inhibition in frog sympathetic 
ganglion. We report here that Met-enkephalin causes a depres- 
sion of the slow inhibitory postsynaptic potential (i.p.s.p.), 
probably mainly by a presynaptic action, and induces a hyper- 
polarisation of the ganglionic neurones. Both effects are 
antagonised by naloxone. 

The experiments were carried out on the 9th or 10th para- 
vertebral sympathetic ganglion of the frog (Rana temporaria 
and R. esculenta), using the sucrose gap technique’. Slow i.p.s.ps 
were elicited by repetitive stimulation of the ramus to the 8th 
ganglion. The simultaneously evoked fast excitatory postsynap- 
tic potentials were selectively blocked by a low concentration of 
nicotine (30 uM) which was continuously present in the per- 
fusion solution. Drugs were applied by Switching from the 
original perfusion solution to one which differed only in its 
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Fig. 1 Effects of Met-enkephalin on membrane potential and 
slow inhibitory postsynaptic potential (i.p.s.p.) in frog sympathetic 
ganglion. Experiments were carried out on the 9th or 10th 
paravertebral sympathetic ganglion using the sucrose gap tech- 
nique?. The ganglion was continuously perfused with Ringer solu- 
tion, with or without drug, containing in mM: NaC] 160; KCI 2.4; 
CaCl, 1.7 and HEPES 3.0; at pH 7.3 and temperature 21-23 °C. 
The postganglionic nerve trunk was perfused with isotonic KCl, 
Slow i.p.s.ps were elicited by repetitive stimulation of the ramus to 
the 8th ganglion through a suction electrode with a train of five 
pulses (0.1 ms; 10 Hz). Fast excitatory postsynaptic potentials were 
selectively blocked by the continuous presence of 30 uM nicotine 
in the perfusion solution. Upper trace in a, b and c represents 
continuous recording of voltage across sucrose gap ( V) on the strip 
chart recorder. Downward deflections are slow i.p.s.ps. Lower 
traces, samples of enlarged slow i.p.s.ps recorded with a faster time 
base at different times as indicated by arrows. a, Control; b, 
hyperpolarisation and depression of slow i.p.s.p. by application of 
1 uM Met-enkephalin as indicated by hatched bar. Dashed line in 
upper trace indicates baseline voltage. Both effects were reversed 
rapidly when the application of Met-enkephalin was stopped. c, 
Application of 1 uM naloxone (open bar) completely prevented 
the effects of subsequent application of 1 uM Met-enkephalin 
(hatched bar). Naloxone itself was without noticeable effect. 


content of the drug to be studied. To detect changes in the 
ganglionic neurone resting membrane potential, which is 
reflected by the voltage across the sucrose gap, much care was 
taken to ensure a stable recording. In most experiments d.c. 
stability was better than 1 mV h^'. 

Application of 1 uM Met-enkephalin consistently caused а 
hyperpolarisation of the ganglionic neurones. In all experiments 
with Met-enkephalin a small drop in voltage across the sucrose 
gap (0.2-0.5 mV) was observed (Fig. 15). Simultaneously with 
the hyperpolarisation, Met-enkephalin produced a marked 
depression of slow synaptic inhibition (Fig. 15). In six experi- 
ments the amplitude of the slow i.p.s.p. was depressed. by 
39.3 +6.5% (mean + s.d.). Duration and time course of the slow 
i.p.s.p. were not significantly affected by Met-enkephalin. Both 
the hyperpolarisation and the depression of the slow 1.р.8.р. 
attained а constant level 5-10 тіп after the enkephalin 
had reached the ganglion, and were completely reversed on 
washing with enkephalin-free solution. Reapplication of 
Met-enkephalin produced the same effects. 

D-Ala-Met-enkephalinamide at 1 рМ caused similar effects 
(three experiments), but no attempt was made to compare the 
potencies of the two peptides. Morphine at 5 uM also caused а 
hyperpolarisation together with a depression of the slow i.p.s.p. 
(three separate experiments). Application of 1 uM naloxone 
fully reversed or prevented both the hyperpolarisation and the 
depression of the slow i.p.s.p. induced by Met-enkephalin (Fig. 
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1c). Naloxone itself had no noticeable effect. Thus, the enke- 
phalin-induced effects can be considered to result from a specific 
interaction with opiate receptors. In myenteric neurones 
normorphine also causes a naloxone-reversible membrane 
hyperpelarisation which is accompanied by a fall in membrane 
resistance, as demonstrated by intracellular recording’. The 
hyperpolarisation of the sympathetic neurones reported here 
may be due to a similar mechanism. 

There is evidence that the driving force for the slow i.p.s.p. is 
the difference between the membrane potential, Va and the K* 
equilibrium potential, Ey (ref. 11). Therefore, the depression of 
the slow i.p.s.p. by Met-enkephalin could be a consequence of 
the enkephalin-induced hyperpolarisation of the postsynaptic 
membrane. To test this possibility the relationship between slow 
i.p.s.p: amplitude and membrane potential was studied by vary- 
ing the external K* concentration. The slow i.p.s.p. amplitude 
seemed to be linearly related to V, — Ex calculated with the aid 
of the Goldman equation, assuming standard values for the 
internal K* concentration (144 mM) and for the permeability 
ratio (Pxa/ Рк, 0.04) (ref. 12). The estimated hyperpolarisation 
necessary to reduce the slow i.p.s.p. by 4096 was much larger 
than the hyperpolarisation induced by Met-enkephalin, even if 
it is assumed that the enkephalin affects only C cells which 
generate the slow i.p.s.p. Thus, an additional effect seems to be 
involved. 





Fig.2 Effects of Met-enkephalin on transient hyperpolartsations 
produced by single applications of dopamine (1 pl, 100 mM) just 
over the ganglion (arrows). a, Control; b, after application of 1 pM 


Met-enkephalin as indicated by hatched bar. Dashed line indicates 
baseline voltage across sucrose gap. Asterisk denotes beginning of 
hyperpolarisation induced by Met-enkephalin. 


The slow i.p.s.p. in sympathetic ganglia is considered to be 
brought about by a catecholamine, probably dopamine, released 
from an interneurone which in turn is activated through a 
muscarinic cholinergic synapse’. To determine whether Met- 
enkephalin influenced the sensitivity of the ganglion to 
dopamine, small amounts of this substance were applied just 
over the ganglion with the aid of a motor-driven microinjection 
device. A single ejection of 1 pl of a 100 mM solution of 
dopamine produced a transient hyperpolarisation with a maxi- 
mum amplitude of 0.5—3.0 mV in different experiments (Fig. 
2a). Repeating the ejections at an interval of 10 min produced a 
constant response over a period of hours. Application of Met- 
enkephalin (1 pM) had only a slight effect on the dopamine 
response (Fig. 2b); in five experiments the amplitude was 
reduced by an average of 13.8+6.1%. This reduction may be 
caused by the enkephalin-induced hyperpolarisation of the 
postsynaptic membrane as discussed above. These results 
suggest that the postsynaptic sensitivity of the ganglionic cells 
towards dopamine is hardly affected by Met-enkephalin. 

The most likely explanation of the depression of the slow 
i.p.s.p. by Met-enkephalin reported here is an inhibition of 
transmitter release from presynaptic nerve terminals. Such a 
агаа has been postulated to explain the inhibition of the 

K*-induced release of various putative transmitter substances, 
including dopamine, from rat brain slices by enkephalin®’; а 
presynaptic localisation of opiate receptors on dopaminergic 
nerve terminals has been demonstrated in rat striatum™. 

In conclusion, the present results show that Met-enkephalin 
exerts a dual effect in frog sympathetic ganglion; it induces a 
hyperpolarisation of the ganglionic neurones and in addition 
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depresses slow synaptic inhibition. The hyperpolarisation 
probably .involves a postsynaptic site of action, whereas the 
depression of slow synaptic inhibition may be presynaptic in 
origin, due to the inhibition of transmitter release from the nerve 
terminals. 

This work was supported by the Foundation for Medical 
Research FUNGO. 


WOUT WOUTERS 
JOEP VAN DEN BERCKEN 


Institute of Veterinary Pharmacology and Toxicology, 
University of Utrecht, 
Biltstraat 172, 3572 BP Utrecht, The Netherlands 


Rocerved 25 September, accopsed 6 November 1978 


Fredencson, R C А Life $a 21, 23-42 (1977) 


j 
! 
f 
Е 
3 


Segal, М. 
Taube, Н D., Starke, K & Borowala, E. Nanyn-Schnmedcbergs Arche Pharmak 299, 
Sobramaman, N etel 


nw 


1 
8 
9 ). 
10 Newepharmacetogy 15, 719-721 (1976) 
11 faxth, P. e Eh 
12 Phenomena (hicGrew-Hill, New York, 1969). 
13 m General CeBular Pharmacology (oda Narabaaiu,T k Bunch C P) 
179-245 (Plenum, Now York, 1976). 

Lioreas-Cortes, 


14 Polaad,H, C & Schwartz, J C Mature 268, 745-747 (1977) 





mRNA species directing synthesis of 
milk proteins in normal and tumour 
tissue from human mammary gland 


ONLY about one third of human metastatic breast carcinomas 
regress in response to hormone therapy'”, so there is a need to 
predict which tumours are of the hormone-dependent type. The 
usual method of prediction is based on the determination of 
hormone receptors in the tumour tissue?^?. However, only about 
one half of the tumours containing measurable oestrogen- 
receptor levels respond to hormone treatment? suggesting that 
receptors which bind the hormone in vitro may not always 
respond in огоо. An alternative approach has been to look for 
milk proteins within the tumour or serum, as lactation is a known 
hormone-dependent process. Although the rationale behind 
this approach has been substantiated in experimental systems?" 
results with human mammary carcinomas are inconclusive !5, 
probably because of insufficient specificity!" and sensitivity of 
the radioimmunological protein assay on which this method 
depends. In addition to technical problems the immunological 
approach has the drawback that it can only monitor the final 
product of hormone action, the mature protein, and not the 
initial RNA transcript(s). A better approach would seem to be 
an assay designed to detect differences in transcriptional rather 
than translational activity. As a preliminary step towards this 
objective, we describe here the isolation of poly(A)-containing 
RNA from a normal lactating human mammary gland, and 
demonstrate the presence of mRNA species which direct the 
synthesis in cell-free protein-synthesising systems of human 
casein and a-lactalbumin. Moreover, using the same techniques 
we have identified the presence of mRNA directing the synthesis 
of a-lactalbumin in poly(A)-containing RNA isolated from two 
out of five mammary tumours examined. 

The tissue we describe as ‘normal’ was obtained from a 
nursing mother 15 days postpartum and consisted of a large (2 g) 
retention cyst, histologically virtually normal, which showed 
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Fig. 1 Identification of casein and a-lactalbumin (a-LA) mRNAs in 
poly(A)-containing RNA isolated from lactating human mammary gland. A 
2-g sample of frozen human lactating mammary gland (-70?C) was 
pulverised with a hammer, then ground to a coarse powder in a mortar and 
pestle with periodic addition of liquid nitrogen. The powdered tissue was 
then rapidly transferred to a Teflon-in-glass Potter-Elvehjem homogeniser 
(0.4 mm clearance) containing 20 ml of 2% (w/v) SDS, 0.5 mg ml"! pro- 
teinase K (Boehringer), 1 mM EDTA, 20 mM Tris-HCl, pH 7.6 and homo- 
genised briefly at room temperature. It was then incubated at 45 °C for 1 h. 
After adding NaCl to 0.1 M, the lysate was extracted once with an equal 
volume of phenol-chloroform (1:1) saturated with 0.1 M NaCl, 1 mM 
EDTA, 20 mM Tris-HCl, pH 7.6. After separating the phases by centri- 
fugation (3,000g, 10 min, 15 *C) nucleic acids were precipitated from the 
aqueous phase with 2.5 volumes of absolute ethanol at -20 °C for 1 h. The 
precipitate was collected by centrifugation (12,000g, 10 тіп, 0°C) and 
redissolved in 11 mi of 1 mM EDTA, 20 mM Tris-HCl, pH 7.6. Solid 
caesium chloride (4.4 g) was added (0.4 g ml’) and the solution was dis- 
tributed between two 12-ml capacity Beckman Ti50 centrifuge tubes, each 
containing a 3-ml cushion of 5.7 M caesium chloride in buffer. After 
overlaying with paraffin oil the tubes were centrifuged at 40,000 r.p.m. for 
18 h at 20°C in a Beckman Ti50 rotor. The supernatant was removed, the 
bottoms of the tubes sliced off, and the RNA pellets redissolved in buffer. 
After ethanol precipitation, the total RNA was subjected to two cycles of 
affinity chromatography on oligo(dT)-cellulose'* to obtain the poly(A)- 
containing fraction. mRNA activity was determined in a wheatgerm cell-free 
protein-synthesising system’, in the presence of ??S-methionine. The 
products were electrophoresed on Maizel polyacrylamide gels?! containing 
SDS**, and visualised by fluorography”. Antisera to human a-lactalbumin 
and the major casein isolated from milk??92^ were raised in rabbits!?. 
Immunoprecipitates were prepared and processed as described previously!*. 
4, Wheatgerm products synthesised in the absence of added RNA. b, 
Proteins synthesised on the addition of poly(A)-containing RNA from 
lactating human mammary gland. c, Proteins specifically precipitated by 
combined antisera to human a-lactalbumin and the major casein isolated 
from milk. d, Proteins specifically precipitated by anti-a-lactalbumin 
antiserum alone. Arrows indicate the positions of authentic mature milk 
proteins isolated from milk. 


lactating breast tissue with areas of severe inflammation and 
abscess formation, but no evidence of malignancy. This and 
other tumour tissue samples were deep-frozen in liquid nitrogen 
within minutes of excision, and then stored at —70°C before 
processing as described in the legend to Fig. 1. 

The addition of the total cellular poly(A)-containing RNA 
isolated from normal human lactating mammary gland tissue to 
the wheatgerm cell-free protein-synthesising system resulted in 
a fourfold stimulation in the incorporation of ?S-methionine 
into protein, when compared with that of the endogenous level 
in the absence of added RNA. Visualisation of the synthesised 
products by fluorography after separation by SDS-gel elec- 
trophoresis revealed the presence of three prominent bands of 
estimated molecular weights 26,500, 23,000 and 16,500 (Fig. 
1). However, none of these products co-electrophoresed with 
the authentic human milk proteins (casein 25,000; a-lactal- 
bumin 14,500), a situation we have previously reported with 
respect to the mRNA-directed synthesis of guinea pig milk 
proteins in the wheatgerm cell-free protein-synthesising 
system’. Further product analysis, using a mixture of antibodies 
raised against highly purified preparations of the major human 
casein component, and of human a-lactalbumin, resulted in the 
preferential precipitation of all three bands, whereas treatment 
with antisera raised against a-lactalbumin alone resulted in the 
precipitation of the lowest molecular weight component only 
(Fig. 1). 
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These results are consistent with the synthesis in the wheat- 
germ cell-free protein-synthesising system (or the reticulocyte 
lysate system—L. H. and R. C., unpublished observations) of a 
precursor form of a-lactalbumin (pre-a-lactalbumin). The-situ- 
ation concerning the remaining two higher molecular weight 
protein products is less clear. Human milk contains two caseins, 
the major component a well characterised protein (molecular 
weight 25,000), and a minor component, the «-casein. We have 
purified and raised antisera against the former, although it is 
known that this cross-reacts immunologically with the «-casein 
component'?. Thus it seems reasonable to conclude that both 
bands represent human caseins, and that the higher molecular 
weight predominant protein probably represents a precursor to 
the major human casein, whilst the minor lower molecular 
weight protein probably represents the equivalent precursor to 
the «-casein. However, as it is known that the major human 
casein is also highly phosphorylated”, one cannot exclude the 
possibility that the anomalous mobility of the human caseins 
might be due to the absence of this post-translational event in 
the wheatgerm cell-free system. The reievance of pre-proteins 
and the absence of post-translation modification events in the 
wheatgerm cell-free system, concern the intracellular 
mechanisms involved in the synthesis of secretory proteins. 
These have been discussed in detail elsewhere with regards to 
guinea pig milk protein synthesis!*?' and will not be discussed 
further in the context of this paper, except to note that in 
common with the guinea pig'5, rat”, ovine and bovine milk 
proteins’**, the primary human milk protein translational 
products are probably synthesised as pre-proteins. 

Processing of human mammary tumour tissue in an identical 
manner produced considerably lower yields of total RNA per g 
of starting material (15 Ass units per g) than the normal 
lactating tissue (75 А, ;в per g), although in all tissue samples 
processed in this manner the poly(A)-containing RNA recov- 
ered consistently represented about 1% of the total RNA 
population. Addition of the tumour-derived poly( A)-containing 
RNA to the wheatgerm cell-free system resulted in a slight 
stimulation in protein synthesising activity in two out of five 
tumours examined (all from postmenopausal patients). Analysis 
of the in vitro synthesised "S-methionine-labelled protein 


vs 


a b c d e f 


Casein ——» 


аА —À3 





Fig.2 Identification of a-lactalbumin mRNA in poly(A }-containing RNA 
isolated from human breast tumours. Experimental details as for Fig. 1, 
poly( A)-containing RNA being isolated from frozen breast tumours in the 
way described for lactating tissue. a, Wheatgerm products, synthesised in the 
absence of added RNA. b-d, Proteins synthesised on the addition of 
poly(A)-containing RNA from lactating human mammary gland (5), breast 
tumour 1 (c) and breast tumour 2 (d). e-g, Proteins specifically precipitated 
by combined antisera to human o-lactalbumin and the major casein isolated 
from milk; lactating human mammary gland (е), breast tumour 1 (/) and 
breast tumour 2 (g). Arrows indicate the positions-of authentic mature milk 
proteins isolated from milk. 
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products (Fig. 2) showed in each case a prominent protein band 
which co-electrophoresed with human pre-a-lactalbumin, but 
no comparable bands which co-electrophoresed with the 
equivalent putative human pre-caseins. Antibody precipitation 
of the products with a mixture of antisera against both human 
a-lactalbumin and the major casein component confirmed that 
neither tumour contained significant levels of active mRNA 
which directed the synthesis of human caseins, though both 
contained mRNA which directed the in vitro synthesis of pre-a- 
lactalbumin. In addition to pre-a-lactalbumin, poly(A)- 
containing RNA from tumour 2 also directed the synthesis of a 
prominent lower molecular weight protein product (11,500), 
also precipitable by milk-protein antibodies, Subsequent work 
has shown that this is precipitated by antisera raised against 
a-lactalbumin, and not by antisera raised against human casein 
preparations. 

Of the remaining three mammary tumours processed, 
although poly(A)-containing RNA was recovered in the expec- 
ted yield, all showed inhibitory activity in a variety of cell-free 
protein-synthesising systems, possibly a function of low mol- 
ecular weight nuclear RNA species known to inhibit cell-free 
protein-synthesising systems^^7*, 

As well as demonstrating mRNA-directed synthesis in vitro of 
human milk proteins, our results provide firm evidence for the 
presence, in significant levels, of mRNA directing the synthesis 
of a-lactalbumin but not casein, in two out of five mammary 
tumours examined. Both were from postmenopausal patients, 
one of which (T1—an adenocarcinoma) had had no children, 
whilst the other (T2—an invasive duct carcinoma) had had one 
breast-fed child. Neither had undergone either hormone 
therapy or chemotherapy before surgery. 

a-Lactalbumin has previously been identified in the cytosol 
fraction of mammary tumours, using radioimmunoassay. One 
study in particular? provided good evidence for the presence of 
a-lactalbumin in 38% of all mammary carcinomas examined. Of 
these, 5396 of the ER-positive carcinomas contained a-lactal- 
bumin, but only 5% of the ER-negative carcinomas, results 
which strongly suggest that the presence of a-lactalbumin may 
indicate an intact oestrogen-receptor mechanism, and may 
therefore provide a useful marker for identifying tumours 
responsive to hormone therapy. Our preliminary results support 
such a concept. Our approach is at present time-consuming and 
therefore not suitable for routine diagnostic application. 
However, it should prove possible to apply modern recombinant 
genetic techniques to this system, as has been done with both 
adult and fetal globin genes", thus providing in the form of a 
recombinant DNA molecule the basis of a highly sensitive 
nucleic acid hybridisation assay capable of detecting low levels 
of milk protein mRNA sequences in relatively small samples of 
breast tissue. This approach has the additional advantage that 
other RNA molecules which may be inhibitory in cell-free 
protein synthesising systems will have no deleterious effect on 
molecular hybridisation. The potential of molecular hybridisa- 
tion has already been demonstrated by Rosen and Socher^" who 
examined the effect of hormones on the levels of rat casein 
mRNA by hybridisation to a complementary DNA copy of the 
casein mRNA, thus by-passing any inconsistencies in radioim- 
munoassay technology, and the dependence of such assays on 
the presence of the final translational product, and not the initial 
product of hormone-dependent gene expression, the primary 
RNA transcript. 

We thank Mr D. Ralphs and Professor N. Woolf of The 
Middlesex Hospital Medical School for providing normal and 
tumour tíssues, histological reports, and for helpful discussions. 
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Translocation 8;14 in an 
ataxia telangiectasia-derived cell line 


THE incidence of lymphomas is 10,000 times greater than 
normal in patients with immunodeficiency syndromes’ and also 
in ataxia telangiectasia (AT), which very often involves IgA 
deficiency. In addition to its other characteristic features, AT is 
usually associated with a defect in DNA repair? and a trans- 
location involving chromosome 14 in the peripheral leuko- 
cytes*. Another feature is a high prevalence of Epstein-Barr 
virus early antigen (EBV-EA) antibodies? in the sera of AT 
patients. This is significantly higher than in normal human sera 
(<10%) and resembles that found in cases of Burkitt's 
lymphoma (BL). It is thus interesting that translocations involv- 
ing chromosome 14 have been described in BL cells as well as in 
other lymphomatous cells*?. This chromosome marker is also 
found in BL cell lines containing EBV’. It is not induced by EBV 
alone, however, because it is not found in EBV-positive, but 
non-lymphomatous cell lines, established spontaneously or by 
transformation of normal peripheral blood leukocytes'?. We 
have therefore investigated whether in BL and AT some target 
cells of EBV infection might be genetically ‘defective’ lymphoid 
cells that could more easily be transformed into malignant cells 
(with characteristic chromosome markers) when exposed to 
EBV or other carcinogens. To do this we infected lymphoid cells 
from AT patients in vitro with EBV, and we report here a 
translocation (847; 149°) established in one of the resulting cell 
lines. 

The translocation seems to be identical to that found іп ВІ”. 
This suggests that in vitro transformation of peripheral lympho- 
cytes from a patient with a genetic predisposition to 
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Fig. 1 R-banded chromosome rearrangements in a, ataxia telan- 
giectasia- b, Burkitt lymphoma-derived cell lines 


chromosome damage favours the development of a 
chromosome rearrangement already described in lymphoid 
malignancies®?°, 

Phytohaemagglutinin-stimulated peripheral blood lympho- 
cytes from a 17-yr-old male patient with AT were analysed by 
R-banding. In addition, a cell line (CB-1) was established from 
his blood lymphocytes by transformation ın vitro with EBV 
obtained from the saliva of a patient with infectious 
mononucleosis according to a method previously described’. 
Karyotypes were prepared from this cell line 6, 8 and 12 months 
after it had been established. Structural rearrangements were 
compared with those seen in a BL-derived cell line (HR1K-m) 
which was examined on two separate occasions, 1 month apart, 
and with those of a control lymphoblastoid cell line established 
from normal cord blood lymphocytes transformed by EBV (Cb 
8-11). Chromosomes of the three cell lines were analysed using a 
modification of the original technique of Dutrillaux and 
Lejeune’*. R-bands obtained with this technique reveal 
abnormalities involving relatively small portions of 
chromosomes. 

No significant chromosomal abnormalities were observed in 
108 metaphases from the peripheral blood leukocytes of the 
patient. However, translocations involving 14q have been 
described in the blood of some other AT patients*. The major 
part of 14q (break point in band 14q12) is translocated to the 
end of the homologue 14 or chromosomes 6, 7 or X (ref. 4). As 
Fig. 1 shows, an AT-derived cell line shows three different 
chromosomal abnormalities: a translocation (80°; 14q*), a 
metacentric marker of the size of an X chromosome with a largé 
dark band just above the centromere, and a trisomy 21. The first 
two abnormalities closely resemble those seen in the BL-derived 
cell lines, Burkitt tumour cells and other lymphomatous cells. In 
the control cell line (Cb 8-11) derived from normal cord blood 
lymphocytes transformed by EBV, chromosomes 8, 14 and 21 
were normal and no metacentric marker was seen. All 35 
metaphases from the AT-derived cell line contain the trans- 
location t8;14 and the metacentric marker (Table 1). Trisomy 21 
is absent only from three metaphases with 47 chromosomes. 
This could be interpreted as either the presence of a second 
clone or the loss of a G chromosome. It is interesting that 
although the patient had no features of the trisomy 21 
syndrome, two first-degree cousins of his father had given birth 
to children with Down's syndrome. 





Table 1 Chromosome markers in ataxia telangiectasia- and Burkitt 








lymphoma-derived celi lines 
Photographed metaphases 
Cell line origin Total no. No containing a 
18,14) Metacentne Trisomy 21 
marker 
AT+EBV 35 35 35 32 
BL 36 36 , 36 0 





AT, Ataxia-telangiectana; BL, Burkitt lymphoma (cell line HRI 
Km); EBV, Epstein-Barr virus. 
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EBV can transform- peripheral blood lymphocytes from 
normal donors into permanent cell lines which remain diploid 
for a long time after establishment. Non-random chromosome 
abnormalities are acquired on prolonged culture. After more 
than a year, gains particularly involving five autosomes 
(numbers 3, 7, 8, 9 and 12) and sex chromosomes have been 
reported in these lymphoblastoid cell lines”. In our investiga- 
tion, chromosome rearrangements similar to those seen in BL- 
derived cell lines were already present at the time of the first 
cytogenetic analysis, 6 months after EBV transformation. 

Because both cell lines come from male donors, the possibility 
of contamination of one cell line by another cannot be excluded 
by using the Y chromosome as a distinctive marker. However, 
they have different histocompatibility antigens (CB-1: 
A3AW32, B5BW35, CW2; HR1K-m: A28AW34, BISBW49, 
CW2). Although an unusually high incidence of chromosomal 
damage! and defective DNA repair? has been reported in AT 
skin fibroblasts, rates of SV40 transformation of these cells are 
no higher than those for normal cells". Furthermore, marker 
chromosomes similar to that described here have not been 
identified in these fibroblasts. In our experiment, AT lympho- 
cytes were found, after transformation in vitro, to have a 14q 
translocation which seems to be a marker of lymphoid 
malignancy *^*!5. 

It seems that the addition of EBV to apparently normal 
lymphocytes of an AT patient has revealed either a quiescent 
clone or an increased chromosome fragility. This is interesting 
because EBV transformation of lymphoid cells from normal 
individuals has not so far induced the characteristic chromosome 
14 marker seen іп lymphomatous cells!?, Further studies will be 
necessary to characterise CB-1 as a 'lymphomatous cell line' or 
as a ‘lymphoblastoid cell line’ as proposed by Nilsson". The role 
of genetic factors such as defective DNA repair, and of suscep- 
tibility to oncogenic agents in cell transformation and malig- 
nancy may thus be clarified. Cell lines derived from lymphocytes 
of AT patients and others with increased susceptibility to 
Iymphoid malignancy, might become useful tools for the study of 
mahgnant transformation. Lymphocytes from other AT patients 
are now being transformed by EBV, and cytogenetic studies will 
be made to discover if a correlation exists between early 
chromosome rearrangements and future clinical course, with 
special attention to the development of lymphomas. 

This work was supported by MRC of Canada, by the 
Department of Education, Province of Quebec, Canada (FCAC 
grant), by ‘Les Fondations Jean-Michel et Magali-Ducharme' 
and by the Université de Montréal. We thank Dr Michael Steel 
for his interest and his comments. 
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Re-evaluation of the number of 
specific B-adrenergic 
receptors on muscle cells 


IT has been reported by Atlas, Hanski and Levitzki that muscle 
cells have an unusually high number of B adrenoreceptors, 
80,000 per cell’. However, we consider the pharmacological 
characterisation of these receptors as specific B adrenoreceptors 
unsatisfactory. We report here that the number of specific В 
adrenoreceptors in a similar but not identical muscle cell line of 
the same origin is 8,000 rather than their stated figure of 80,000, 
and is therefore comparable to that found on C6 glioma cells. 
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Fig.l The effects of phentolamine on 1251 HYP binding to intact 
L8 muscle cells. An L8 cell line was established by serial passage of 
rat myoblasts®; it has properties similar to those of the L6P cell line. 
The cells were grown on Falcon or Nunc tissue cultures plates in 
Dulbecco's minimal essential medium (Gibco) supplemented with 
10% fetal calf serum (Gibco), under an atmosphere of 95% air, 596 
СО. Trypsinised, exponentially growing cells were distributed on 
to 6-cm plastic plates. They were then allowed to grow and recover 
for 48 h in fresh medium before the binding assay. In this condition 
the cells multiplied about ninefold. This means that if trypsin has 
any effect on the B-receptor density, it would affect only 10% of 
the cells. HYP was iodinated by the method of Maguire et al^. 
210° cells per 6-cm plate were incubated with ‘*I-HYP 
(125,000 c.p.m. or 25 pM) in 2 ml of phosphate-buffered saline 
(PBS) and various concentrations of phentolamine in tbe absence 
(О) or presence (LI) of 107" M (—)propranolol Prewashing of the 
plates, their incubation with the radioactive ligand and further 
washing were carried out as previously described’. The washing 
covers a total period of 60 min at 37 °C. Such a prolonged washing 
bas negligible influence on the dissociation of '2"1-НҮР specifically 
bound but markedly decreases the nonspecific binding (not shown). 
This observation is compatible with what is found in the literature 
concermng !71-НҮР binding. The dissociation of '21-НҮР 
specifically bound is observed only when an excess of cold 
antagonist is added during the washing*". In the absence of 
excess cold antagonist, binding seems to be virtually irreveraible. 
The amount of specifically bound (@) ***I-HYP is the calculated 
difference between total (О) and nonspecific binding (17). 
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Fig. 2 '*1-HYP binding to L8 muscle cells in the absence of 

pbentolamine. About 2 x 10° cells per 6-cm plate were incubated 

with 2 ml of PBS containing various concentrations of BSLHYP, in 

the absence of phentolamine, without propranolol (8) and in the 

presence of 2.5x 107^ М (О) or 1077 М(х) (—)propranolol and 
: assayed for binding as described in Fig. 1. 


We have recently devised a method to measure the number of 
B adrenoreceptors on intact C6 glioma cells?. That study 
demonstrated that tissue culture cells bind large amounts of 
1257 -hydroxybenzylpindolol (**J-HYP) in a nonspecific manner. 
This nonspecific binding can be largely eliminated by carrying . 
out the binding assays in the presence of high concentrations of 
phentolamine as originally observed by Sporn and Molinoff? in 
membranes from rat brain. Figure 1 shows that 5x10 7M 
phentolamine displaces 75% of the nonspecifically bound '**I- 
HYP but does not modify the specifically bound ligand. 

In addition, the concentration of cold competing antagonist or 
agonist used to measure the nonspecific binding must be chosen 
according to its dissociation constant and in relation to the 
concentration of radioactive ligand. In our study, 107 M 
(—)propranolol was a satisfactory concentration (100 x Kp). 
Higher concentrations are not necessary to displace '"5I-HYP 
bound to B receptors and such high concentrations can displace 
1257 HYP bound nonspecifically. 

Figure 2 shows the difference: in two nonspecific binding 
curves obtained on L8 muscle cells in the presence of two 
different concentrations of (—)propranolol, 2.5 x 107 M and 
1077 М in the absence of phentolamine. The difference between 
these two curves represents displacement of nonspecifically 
bound radioactive ligand. 

This conclusion is supported by the results shown in Fig. 3. 
107° M (—)propranolol, the pharmacologically active optical 


Fig. 3 Inhibition of 'I.HYP binding to L8 muscle cells by 
propranolol. Binding was carried out as described in Fig. 1, in the 
absence (a) or presence (b) of 5x10 7 M phentolamine, with 
(+)propranolol (О) or ( —)propranolol (8). 100% and 0% binding 
refer, respectively, in a to 100,000 and 30,000 c.p m. and in 5 to 
40,000 and 22,000 c p m. These experiments were done in parallel 
on the same number of cells and the results can thus be compared 
f quantitatively-as well as qualitatively. 
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isomer, provokes nearly maximal displacement from stereo- 
specific sites. The reduction in binding observed in the absence 
of phentolamine with concentrations of propranolol higher than 
1077 M is clearly non-stereospecific and thus represents dis- 
placement from nonspecific sites. Figure 35, in which most of the 
nonspecific '"5I-HYP bound has been removed in the presence 
of phentolamine, strikingly illustrates the stereospecific dis- 
placement from В receptors. Atlas et al. carried out their assays 
with similar concentrations of radioactive ligand but in the 
absence of phentolamine. In these conditions, their concen- 
tration of (+)propranolol, 5x10 M, was two orders of 
magnitude too high and displaced ‘*I-HYP bound to sites 
unrelated to B -adrenergic receptors. It should be noted that the 
relative amount of nonspecifically bound '?I-HYP is highly 
variable among different cell lines. In turkey erythrocytes, 
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Fig. 4 Binding of '"I-HYP to intact L8 muscle cells in the 
presence of phentolamine. Assays were carried out in standard 
conditions. 3 х 10° cells per plate were incubated with 5x 1075 M 
phentolamine and various concentrations of I-HYP. In a, the 
total amount of '"?]-HYP bound (@) and the nonspecifically bound 
ligand remauning in the presence of 107° M (—)propranolol (О) are 
plotted as a function of the '**I-HYP. Specific binding, defined as 
the difference between the total and the nonspecific binding, is 
plotted in b. The saturation value (13.2 fmol per 10° cells or 7,950 
receptors per cell) and the Kp (1.2x 1071? M) has been calculated 
using a linear regression curve (coefficient of correlation = 0.92) 
obtained with the Scatchard plot represented in c. 


nonspecific binding is much lower and thus the use of 107 M or 
5x107 M (x)propranolol would not change the amount of 
displaced "5I-HYP in such a dramatic fashion. In Fig. 4, 
the specific binding of **I-HYP to В adrenoreceptors has 
been measured in the presence of phentolamine using 107 M 
(—)propranolol as the competing ligand. Scatchard analysis of 
these data shows that L8 muscle cells have 7,900 + 1,600 specific 
B adrenoreceptors per cell. This number is not significantly 
different from that obtained in C6 glioma cells™*~. The use of 
2.5x1075 M (—)propranolol (Fig. 2) without phentolamine 
gives an erroneously high number of receptors per cell, thus 
explaining the figure given by Atlas et al. 

Our results demonstrate the importance of the choice of 
experimental conditions in the determination of the true 
number of stereospecific B receptors. Although the number of 8 


59 


adrenoreceptors on rat muscle celis of the L8 or L6 line does not 
single them out for receptor purification, it is, however, sufficient 
to analyse B-adrenoreceptor distribution during muscle cell 
fusion. 

We thank Dr E. Schell-Frederick for revising our manuscnpt 
and Mrs D. Leemans fo secretarial assistance. This work was 
supported by grants from the Caisse Générale d'Epargne et de 
Retraite (Fonds Cancérologique) to Drs J. E. Dumont and R. 
Kram. L8 cells were obtained from D. Yaffe. 
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ATLAS, HANSKI AND LEVITZKI REPLY—Our reply will be 
divided into two parts: first, the validation of our results’, and 
second, the demonstration that the methodology used by Pochet 
and Schmitt is inadequate. 

To consider our first point. The difference between the 
binding curve of '**I-(+)hydroxybenzylpindolol (HYP) in the 
absence and in the presence of 5.0x 107 M (+)propranolol 
monitors the reliable number of В adrenoreceptors in intact 
cells as well as in membrane fragments prepared from these 
cells. Figure 1 shows Scratchard plots of the binding of '**I-(+)- 
HYP to L6P cells removed from the growth plate by EDTA as 
compared with L6P cells removed by using trypsin. It can be 
seen that trypsin causes a five- to sixfold decrease in the number 
of B adrenoreceptors. The destruction of receptors by trypsin is 
well documented for several hormone receptors including 8 
adrenoreceptors. In contrast to the effect of trypsin on the 
number of B adrenoreceptors detected, no change was observed 
in the number of '?I(:)HYP binding sites by changing the 
fluidity of the cell membrane. A large change in the fluidity of 
the turkey erythrocyte membrane has no effect on the extent of 
the ‘nonspecific’ or specific '21-(+)НҮР binding. Table 1 
summarises results demonstrating that the ratio between 
cholesterol and phospholipids has no influence on the binding of 
зр (+)НҮР to intact turkey erythrocytes or to membrane 
fragments prepared from these cells. Further details on this 
particular point are given elsewhere”. The fluidisation of turkey 
erythrocyte membranes using free fatty acids also has no 
influence on the number of specific ***I-(+)HYP binding sites 
on the turkey erythrocyte or on the affinity of these receptors to 
the B blocker’. 

The number of B adrenoreceptors on a turkey erythrocyte, as 
measured by '*]-(+)HYP, is identical to the number found 
by the *H-(+)propranolol technique introduced by us*^. 
Furthermore, the measurement of the content of 8-adrenergic 
receptors using !H-(- )isoprenaline again gives similar results’. 
It is worth noting that the difference between !251-(+)НҮР 
binding in the absence and in the presence of (+)propranolol 
gives linear Scatchard plots, thus indicating that a single class of 

*5].(+ HYP binding sites is being monitored. If Pochet and 
Schmitt were correct in their assertion that (-++)propranolol 
displaced both specific and nonspecific !251-(-+)НҮР, one would 


60 





Table 1 Effect of cholesterol enrichment and of cholesterol depletion 
on the B-adrenergic system 





Cholesterol 
to USLHYP '251_ HYP receptor 
phospholipid binding dissociation 
Treatment ratio (pmol per mg) constant 
No treatment 
(control) 1.0-1.2 0.55 +0.05 (6.8x0.5)x 107"! 
Cholesterol 
depleted 0.5-0.6 0.53 0.05 (7.5£0.05) x 107)! 
Cholesterol 
enriched 1.45-1.55 | 0.540.085 — (69450.5)x10^!! 





observe at least two classes of '^I-( x )HYP binding sites which 
should have given curvilinear Scatchard plots. In our binding 
studies on intact cells of different types, L6P cells, HeLa cells, 
turkey erythrocytes and turkey reticulocytes, we have consis- 
tently found a single class of '**I-(+)HYP binding sites^?. It 
should be noted that the successful use of '*°I-(+)HYP іп the 
determination of the number of B adrenoreceptors on intact 
cells was first introduced by Aurbach et al." and has since been 
adopted by several laboratories, including our own. Further- 
more, the methodology used by us was originally introduced by 
Aurbach et al. and was demonstrated to be an equilibrium 
technique*?. Maguire et al? have also used propranolol 
(1.0x 10^ M ( —)propranolol) for the displacement of the non- 
specific *1-( 4 )HYP bound, obtaining reliable and consistent 
binding data. 

Schmitt and Pochet are correct in asserting that concen- 
trations lower than 5.0х 10 ^M (+)propranolol should be 
sufficient to displace the specific '2°1-(+)НҮР bound. Indeed, 
2.0x107' M, 2.0x107* M and 2.0x10°°M (+)propranolol 
displace bound !7°1-( x )HYP to a similar extent. Interestingly, 
using the usual methodology as described 125-19 we found that 
inclusion of 2.5 х 107° M phentolamine in the binding mixture 
reduces the nonspecific binding of "*1-( x )HYP by 10-15% but 
does not modify the pattern of '?1-( € )HYP to the specific sites. 
As the effect of phentolamine is marginal (see also below), we 
find no need to use it. These results are similar to those reported 
by Brown et al. for turkey erythrocytes. 

On our second point, the methodology used by Pochet and 
Schmitt suffers from several flaws which cast serious doubts on 
the validity of their experimental approach. (1) What the 
authors call ‘nonspecific’ '**I-(+ )HYP binding is removed by six 
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Fig.1 @, L6P cells removed by EDTA treatment. Experimental 
details are given elsewhere, О, L6P cells were removed by 
treatment with trypsin. The growth medium was removed from the 
tissue culture bottle and the cells were incubated with 50 ml 
130 mM saline, containing 20 mM Tris-HCl buffer, pH 7.4, and 
500 pg ml! trypsin, for 30 min at 37 °С. The cells were detached 
from the bottle, centrifuged at 500g, and washed twice with 
trypsin-free saline containing buffer. The binding procedure was 
the same as described elsewhere! 7^. 
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washings, 10 min each, at 37 °С. The methodology used by the 
authors is cited in their manuscript (their ref. 2). As the half life 
of 'PL(x)HYP on the 8 adrenoreceptors is t1 7.2 min at 
30°C (ref. 7) and 11 2.57 min at 35 °С (ref. 8), it is clear that 
most of the specific '**I-(+ )HYP bound to the 8 adrenorecep- 
tors is washed out. Therefore, the methodology used is not an 
equilibrium technique and cannot give reliable data. (2) The 
cells are removed by trypsin. As we have shown (Fig. 1 and ref. 
6), the 8 adrenoreceptors on L6P cells are destroyed in these 
conditions. This was the reason EDTA'? was used instead. No 
evidence is provided by the authors that the ‘recovery’ period 
results in the resynthesis of the 8 adrenoreceptors. (3) The 
authors use phentolamine to displace nonspecific '2°1-(+)НҮР 
binding. At least in one case (rat hypothalamus membranes) 
phentolamine was found to displace '**I-(+)HYP from В 
айгепогесеріогѕ'?. It should be noted that phentolamine, at the 
concentration range of 1.0 x 105 to 1.0 x 107* М, can block the 
isoprenaline-dependent adenylate cyclase activation in neuro- 
blastoma-glyoma hybrids (unpublished data). In our experi- 
ments, phentolamine had an insignificant effect. This large 
variability in phentolamine action on different cells convinces us 
that its use in binding studies is dispensable. (4) As to the quality 
of the binding curves presented by Pochet and Schmitt, their Fig. 
2 does not show any of the curvature which should be observed if 
the binding of '^I-(x)HYP has a saturable component. The 
data presented in their Fig. 4 do not demonstrate that saturation 
has been achieved. The data can be easily fitted by a straight 
line. A replot of the raw data in their Fig. 4a, according to 
Scatchard, shows that only 43% saturation has been achieved. If 
one believes that the remaining 57% behave in a similar fashion, 
the maximal number of receptors should be 9,650 receptors 
(Kp = 1.6x 10^? M) per cell. In view of the methodology used 
by the authors, we believe that this number underestimates the 
true number of 8 receptors by about 80-90%. (5) The authors 
used L8 cells, whereas we used L6P cells. 
Note added in proof: Recently the density of B-receptors was 
measured on L84 rat skeletal myogenic muscle cells, using an 
ultrastructural probe for the receptor. Using this technique 
receptor density was found? to be 71 + 19 receptors per pm’. 
That is, 50,000 to 80,000 receptors per cell—similar to the 
closely related L6 cells. 
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Minor differences between nucleotide 
sequences of mild and severe 
strains of potato spindle tuber viroid 


VIROIDS are the smallest replicating pathogenic agents 
known'. Composed entirely of RNA, they have genome sizes in 
the range of 330-380 nucleotides’, 10 times smaller than the 
smallest bacteriophage of Escherichia coli’. Although there is 
no evidence for the existence of a protective protein coat for 
viroids, they infect a wide variety of plants and in many produce 
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Fig.1 Ribonuclease T1 and pancreatic ribonuclease fingerprints of two severe, one intermediate and three mild strains of PSTV. 1 x 10° c.p, m. 
aliquots of each '**I-labelled viroid were dried down in silicone-treated test tubes and digested with 2 рі of either ribonuclease T1 (1 mg ml" for 
40 min at 37 °C) or pancreatic ribonuclease (1 mg ml ^! for 30 min at 37 °C) in 0.01 M Tris-HCI, pH 7.6, 0.001 M EDTA in tke presence of 10 ug 
of tRNA carrier as described previously'?7°, The origin of each autoradiograph is at the lower right. The first dimension (rignt to left) consists of 
high-voltage electrophoresis on cellulose acetate at pH 3.5, while the second consists of ascending RNA homochromatography on thin layers of 
DEAE-cellulose’. Fingerprints were exposed to Dupont Cronex 2 X-ray film at -70°C in 14in. x 17in. Halsey-Radelin cassettes in the 
presence of two Dupont Lightning-plus intensifying screens. Fingerprints of 6 of the 11 PSTV isolates studied are showa. In each case, the 
ribonuclease T1 fingerprint is placed vertically above the pancreatic ribonuclease fingerprint; a and g, severe isolate, PS; b and h, severe isolate, 
SE; c and i, intermediate isolate, PD; d and j, mild isolate, РМ; e and k, mild isolate, 6; f and /, mild isolate, 15. For an acccunt of the source of 
each of these isolates, see the footnotes to Table 1. The numbered arrows in panels a, d and g indicate spots which are d:agnostic for one or 
another strain of PSTV as discussed in the text and summarised in Table 1. 


severe disease symptoms'^. The molecular mechanisms by 
which viroids replicate and interact with their hosts are not yet 
understood. In its most severe form, the disease? caused by 
potato spindle tuber viroid (PSTV) causes general stunting of 
potato plant growth, deformity of the upper foliage, and 
production of disfigured potatoes?. Mild strains of PSTV which 
produce barely detectable symptoms have also been isolated’. 
Furthermore, plants infected by mild strains are somehow pro- 
tected from developing symptoms following subsequent inocu- 
lation with severe strains"?. This biological protection 
phenomenon has been called cross-protection’. As the only 
known component of viroids is RNA, mild and severe strains 
must differ in nucleotide sequence. The study described here 
aimed to determine the extent of this difference. 

Four independently maintained severe, one intermediate, and 
six mild isolates of PSTV were propagated in Rutgers tomato 
plants, extracted and purified as described elsewhere’, labelled 
in vitro with “I (ref. 11), and subjected to two-dimensional 
RNA fingerprint analysis''*. Because the fingerprints 
obtained showed evidence of variable quantities of host RNA 
contaminants (data not shown), the '"I.labelled viroid pre- 
parations were repurified by electrophoresis in 5% poly- 
acrylamide gels'' and fingerprinted once again. 

Ribonuclease T1 and pancreatic ribonuclease fingerprints of 
two severe, one intermediate, and three mild PSTV isolates are 
shown in Fig. 1. The other two severe and three mild isolates 


studied did not differ significantly from those illustrated. Visual 
inspection reveals that all six ribonuclease Т1 fingerprints 
closely resemble each other, as do all six pancreatic ribonuclease 
fingerprints. However, a few differences are evident. The four 
spots found to be diagnostic for the various strains are indicated 
in Fig. 1 by numbered arrows. The four severe strains have spots 
1, 2 and 4 but lack spot 3 (Fig. 1 a, b, g, й). The intermediate 
strain has spots 2 and 4 but lacks spots 1 and 3 (Fig. 1 c, 1). The 
six mild strains have spot 3 but lack spots 1, 2and 4 (Fig. 1 d, e, f, 
j,k, D. 

Secondary enzymatic digestion of ali oligonucleotides 
from the fingerprints shown in Fig. 1 a, d. g, j followed by 
identification of cleavage products (as described in refs 12, 13) 
revealed only two further differences between the mild and 
severe strains of PSTV. The pancreatic ribonuclease fingerprint 
of mild PSTV contained the hexamer AAGGAC and the 
tetramer GAGC, neither of which can be detected by visual 
examination as all strains of PSTV analysed have two other 
hexanucleotides, GAGAAC and GGAAAC. which co-migrate 
with AAGGAC; and AGGC which co-migrates with GAGC. 
As the sequence of spot 4 is AAAAAAGGAC, there is the 
attractive possibility that the new hexanucleotide AAGGAC 
found in mild strains is the result of the replacement of the fourth 
A-residue of spot 4 by a pyrimidine. These sequences were 
determined as described previously!^'^"", The intermediate 
strain (Fig. 1 i) lacks AAGGAC and contains GAGC. 


62 





Table 1 Oligonucleotide differences observed among severe, inter- 


mediate and mild strains of PSTV 
Oligonucleotide PSTV straint 
description* Severe Intermediate Mild 
spot 1 +4 S - 
spot 2 + + - 
spot 4 * + - 
spot 3 — = + 
AAGGAC — — + 
GAGC - + + 





* Spots 1, 2, 3 and 4 are those indicated by numbered arrows in Fig. 1. 

t Eleven isolates of PSTV were selected for these studies. One of the 
four severe isolates (A) was obtained from the Schultz Collection of 
Potato Pathogens at Beltsville, Maryland. The other three severe iso- 
lates (PS, D and SE) were obtained over the course of 30 yr from 
naturally infected potatoes in field plots of the Cornell University Potato 
Breeding Program by Dr Karl H. Fernow. This was also the source of 
five of the arx mild isolates (PM, 6, 7, 10 and 11). The sixth mild isolate 
(12) was recovered in autumn 1977 from a naturally infected potato 
plant at Riverhead, New York by Dr Fernow. The intermediate isolate, 
PD, was the gift of Dr T. O. Diener and was the one we used in previous 
RNA fingerprinting studies 11% 

$ + indicates the presence of the specified oligonucleotide in finger- 
prints of the PSTV strain in question. — indicates the absence of the 
specified oligonucleotide from fingerprints of the PSTV strain. 


Thus, as shown in Table 1, while severe and mild strains of 
PSTV are uniquely characterised by the presence and absence of 
particular spots in their fingerprints, the intermediate strain has 
no such singular features. Detailed study of all data derived from 
oligonucleotide secondary analysis also permits us to estimate 
that mild and severe strains differ in 2-10 of their nucleotide 
residues (E.D. and H.D.R., unpublished observations). 

These results demonstrate that the marked contrast between 


severe and mild symptoms must be explained on the basis of ` 


relatively few specific nucleotide sequence differences. As noted 
above, one of the sequence differences seems to occur at the 
fourth residue of the decanucleotide AA AAA AGGAC (spot 4: 
see Fig. 1 and Table 1). This can be identified as position 120 
within the sequence of an intermediate strain!? of PSTV (refs 18, 
19). Further sequence analysis will be required before the exact 
positions of the other oligonucleotides associated with the mild- 
severe difference can be assigned. Such studies should also allow 
us to determine whether the residues important for the patho- 
genic properties are clustered in a small region of the viroid 
genome or are widely separated. 


Although mild and severe strains of PSTV have very similar: 


nucleotide sequences, additional studies indicate that such 
extensive sequence homology is not a prerequisite for cross- 
protection. Although comparative RNA fingerprint analysis of 
PSTV, citrus exocortis viroid (CEV) and chrysanthemum stunt 
viroid (CSV) have demonstrated that the sequences of these 
three viroids differ extensively from each other?! 5, biological 
studies have recently shown” that mild strains of PSTV cross- 


protect, not only against severe strains of PSTV, but also against - 


CEV and CSV. 

If cross-protection and disease symptom formation are 
determined by common features within a portion of the viroid 
genome, further studies should allow us to identify the regions 
and assess the influence of RNA sequence and structure on these 
biological properties. 

We thank Louise Pape, Cliff Lawson and Edward Pelle for 
technical assistance, and Drs K. H. Fernow and T. O. Diener for 
inocula from the various PSTV isolates studied. Researcb car- 
ried out at The Rockefeller University was supported in part by 
a grant to E.D. from the NSF, grants to H.D.R. from the NSF, 
the American Cancer Society, and from the NCI. Research at 
Cornell University was supported in part by a grant from the 
National Institute of Allergy and Infectious Diseases. 
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Selecting Rhizobium for 
acid, infertile soils of the tropics 


AN increase in beef cattle production on the 350 million 
hectares of acid, infertile savannahs of tropical South America 
would have a major impact on world food production. Produc- 
tion in these regions is limited by the inadequate nutritional 
value of the native vegetation, and legume-based pastures are 
now being introduced їо raise the protein content of available 
forage. However, to obtain full benefit from biological nitrogen 
fixation through nodulated legumes it is necessary that the 
introduced legume form an effective symbiosis with Rhizobium. 
The low pH, limited: availability of phosphorus, and very high 
levels of aluminium and manganese in these soils, are likely to 
affect nodulation and nitrogen fixation. It is therefore essential 
that strains of Rhizobium adapted to acid conditions are used. 
Alkali production by rbizobia from tropical legumes and the 
consequent rise in pH of test media has made the development 
of a simple test to select such strains difficult”. We report here 
that interference from alkali production can be eliminated by 
minor changes in the screening medium. This finding challenges 
the view that alkali production is a distinguishing characteristic 
with ecological significance’, and is also a starting point for 
detailed study of the effects of acidity and related factors on 
growth of Rhizobium. 

In an evaluation of 50 Rhizobium strains (from soils ranging 
from pH 4.5 to 9.0) isolated from nodules obtained from 
Stylosanthes capitata, S. guianensis and S. hamata we observed 
marked differences between strains in their ability to grow in two 
yeast-mannitol (YM) media differing in pH. Strains fell into one 
of three categories: 19 grew only in the standard YM medium of 
pH 6.8-7.0; 2 grew only in an acidified medium (adjusted to pH 
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4.5 with 0.1 M HCl); and 29 grew in both media. However, 
media which were acid initially had a final pH in the range 7 to 8 
due to an alkalising effect which is claimed to be a differentiating 
characteristic of slow-growing tropical rhizobia’. Therefore, 
growth could indicate either genuine ability to multiply at low 
pH or capacity to progressively increase the pH of the medium 
to an adequate level for growth. A stable acid medium is needed 
that selects specifically for the former character as strains which 
grow as a result of influencing their environment during the test 
are unlikely to be successful in more highly buffered acid soils. 

A range of media differing in composition and pH was 
evaluated as substrate for the growth of two strains of contras- 
ting origins (acid soil, Llanos Orientales, Colombia, pH 4.5 
compared with alkali soil, near Kingston, Jamaica, pH 8.5). The 
strain of alkali soil origin grew in media of initial pH 7 and pH 
8.5 but not in a medium of pH 4.5. The strain of acid soil origin 
grew best in the medium of pH 4.5, made little growth at pH 7 
and even less at pH 8.5. Growth of the acid soil origin strain was 
equally good irrespective of whether the medium was acidified 
using hydrochloric acid, sulphuric acid or citric acid. It also grew 
satisfactorily in media incorporating other acidity stresses, that 
is, low P (10 pM), high AI (50 pM), low Ca (50 uM), and high 
Mn (2004M). Growth of Rhizobium in acidified media 
incorporating mannitol, the standard carbon source recom- 
mended for culturing rhizobia, raised the pH from 4.5 to 
approximately 7.5. However, in acidified’ media in which 
arabinose, or alternatively galactose, was substituted for 
mannitol, the pH decreased slightly (to 3.8) yet growth (turbi- 
dity/absorbance) was essentially the same as in media 
incorporating mannitol. Previous attempts to stabilise culture 
media at acid pH for growth of Rhizobium by using buffers have 
proved unsatisfactory*. Other reports concerning optimal pH 
for growth of slow-growing rhizobia** and utilisation of carbo- 
hydrates’ have referred to initial pH values. Final pH values 
have been reported for growth in a range of carbon sources but 
from an initial pH of approximately 7 (ref. 8). 


0.75 


Relative growth (Asso) 


0.50 








Age of culture (d) 


Fig. 1 Relative growth of Rhizobium strains CIAT 1460 (solid 

line), originating from an acid soil (pH 4.5), and CB 2126 (dashed 

line), from an alkali soil (pH 8.5), in a defined, acid medium (initial 
pH 4.2). 


Growth of Rhizobium was quantified for a defined basal 
mineral salts liquid medium (Table 1) which was one of the 
media used previously. Cultures were incubated at 25-28 ^C 
and aerated by shaking. Growth, both as optical absorbance at 
550 рт and as viable cell number, and pH were determined 
over a period of 33 d in media which differed only in their carbon 
source (mannitol or arabinose). In both media, the acid soil 
origin strain CIAT 1460 showed exponential growth (Fig. 1), 
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Table 1 Liquid medium for selecting acid-adapted strains of 








Rhizobium 
Addition Quantity added 
KH;PO, 68 mg 
K,HPO, 87 mg 
CaCl; 2H20 39.4 mg 
MgSO,-7H;O0 7á mg 
Fe?*Na EDTA 36.8 mg 
MnCl;:4H;O 0.49 mg 
ZnSO,4.7H;O 0.29 mg 
CuCLl;:2H;O0 43 ug 
Na;MoO,-2H;O 12 RE 
CoCl;.6H;O 1.2 pg 
Sodium glutamate 220 mg 
*Thiamine 100 pe 
*Biotin 250 ug 
Arabinose 10g 
Distilled water to one litre 


Acidified with 0.1 M HCI (before autoclaving). 
* Filter sterilised and added after autoclaving the medium. 


increasing from an inoculum of 7 x 10? to 1 x 10° viable cells per 
ml whereas the number of viable cells per ml of alkali soil origin 
strain CB 2126 diminished from 4 x 10* to 2x 10". Growth of 
the acid soil strain in mannitol medium was associated with а 
substantial pH rise (Fig. 2); in arabinose medium, however, the 
pH declined from 4.2 to 3.9. Growth (viable cell number) of 
CIAT 1460 did not differ significantly in the two media. 

The finding that some strains of Rhizobium grow much better 
at pH 4.5 than in neutral media is contrary to the commonly 
accepted view that Rhizobium has a pH growth optimum of ~ 7 
(refs 9, 10). It also helps explain why attempts to isolate Rhizo- 
bium from nodules of Stylosanthes (especially S. capitata) 
growing in soils at pH 4.5-5.5 have been unsuccessful—the 
routine isolation medium has a pH 6.8-7.0. In addition it 
suggests that the standard practice of searching for acid stress 
tolerant Rhizobium in existing collections of strains that were 
originally isolated onto routine non-stress media may not be 
successful. 

Now that this medium is available it will be possible to test the 
effects of characteristic acid-soil conditions, such as high alu- 
minium content, on Rhizobium. Comparison of strains in the 
early phase of their growth before a change in the pH of the 
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Fig.2 The pH changes during culture of Rhizobium strain CIAT 

1460 in defined liquid media containing either the standard 

carbohydrate source mannitol, or an alternative source, arabinose. 

Rhizobia multiplied at the same rate in both media from an initial 
viable cell number of 7 x 10? to 1 x 10? cells per mi. 
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medium can be detected’ has the disadvantages that strain 
differences have not become fully pronounced and that the 
growth must be estimated by the extremely tedious viable count 
method. Availability of an acid medium in which the pH does 
not rise permits a simple test in which attainment of visual 
turbidity indicates ability to grow at low pH. 

Finally, our demonstration that alkali production by slow- 
growing, tropical-type rhizobia is dependent on the carbo- 
hydrate of the culture medium reopens the question of whether 
these microorganisms actually produce alkali in the rhizosphere 
of their host and whether an ecological role should have been 
attributed to the process’. 

R.A.D. is a visiting scientist at CIAT. 
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Inactivation of restriction endonuclease 
BamNwx after 
infection with phage ФМК2 


A HOST-CONTROLLED restriction-modification system" ? is a 
means of protection by a host against attacks of bacteriophages. 
Recently, coliphage ТЗ and T7 have been found to overcome*” 
the host-controlled restriction-modification systems of their 
host strains Escherichia coli B and K, but details of the 
mechanism are not well understood at present. We have found 
that a Bacillus subtilis phage 6ó NR2rH, a mutant of $6 NR2 (ref. 
8), also has the ability to overcome the restriction-modification 
system of B. amyloliquefaciens strain N, and detected a BamNx 
inhibitor in cells infected with @NR2rH. 

Shibata and Ando found two different restriction 
endonucleases”'', BamNI (BamNI cleaved DNA in the same 
nucleotide sequence as BamHI (refs 12, 13)) and BamNx in the 
strain N. BamNx is a typical type 11 restriction endonuclease. 
The phage óNR2 and its host B. subtilis PS9 (derivative of B. 
subtilis Marburg strain sensitive to phage SP10 and óNR2) were 
isolated by Yajima er al.*'*. Since 6NR2 DNA is completely 
insensitive to BamNI, the phage @NR2 can form plaques 
normally on both PS9 and B. amyloliquefaciens strain Н. 6NR2 
(grown on PS9) however, forms plaques on strain N at a 
frequency of about 4 x 10 * Initially we thought that the phage 
NR? was restricted by BamNx of strain N and that the survived 
phages would be modified. One clone, isolated from the plaques 
on strain N, was no longer restricted by this strain. Nevertheless, 
the DNA, prepared from phage particles grown on strain N, was 
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Fig. 1 Cleavage of DNAs of óNR2 (grown on PS9) and éNR2rH 
(grown on strain N) with endonuclease BamNx. Each DNA (1 ир) 
was reacted with BamNx іп 20 ul of 20mM Tris-HCl buffer 
(pH 7.5) containing 0.2 mM EDTA, 15 mM MgCl, and 5 mM 2- 
mercaptoethanol at 37 °C for 60 min. Cleaved DNAs were adjus- 
ted to 8% glycerol and 0.02% bromophenol blue and heated for 
2min at 60°C. The samples were applied to 0.8% Agarose 
(Seakem) slab gel (15 x 15 х 0.3 cm). Electrophoresis was carried 
out at room temperature for 2.5 h at a constant current of 90 mA. 
The gel was stained with ethidium bromide and photographed with 
short-wave ultraviolet light. Lóening's buffer'? (36 mM Tris-HCl, 
pH 7.7, 30 mM NaH;PO,, 1 mM EDTA) was used for electro- 
phoresis and staining'^. 1, BamNI fragments of B. subtilis-phage 
p11C3a DNA as standard markers (see Fig. 3 in detail); 2, óNR2 
(grown on PS9) DNA cleaved with BamNx; 3, óNR2rH (grown on 
strain N) DNA cleaved with BamNx. 


still cleaved by BamNx (Fig. 1). These results suggested that this 
mutant has the ability to overcome the host-controlled restric-- 
tion-modification system of strain N. The mutant was desig- 
nated as 6NR2rH because it formed rapid lysis-type plaques on 
strain H. óNR2rH was inactivated by anti-@NR2 serum, and its 
DNA gave the same EcoRI cleavage pattern as that of 
é@NR2 DNA (data not shown), indicating that @NR2rH is a 
spontaneous mutant of óNR2 

NR2rH was not restricted by strain N, whereas its DNA was 
cleaved by BamNx from strain N, in vitro. We therefore 
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examined whether or not the activity of BamNx still remains in 
N cells infected with óNR2rH. Crude extract was prepared from 
phage-infected cells by the following procedure . Cells of strain 
N were infected with 6NR2rH at a multiplicity of five when the 
number of cells became approximately 1.5 x 10° mI! in L-broth 
at 37 °C with shaking. The infected cells were collected 15 min 
after infection and stored at —20°C. These cells were then 
thawed, suspended in 20 mM Tris-HCI buffer ( pH 7.5) contain- 
ing 5mM MgCl, 0.2 mM EDTA and 5mM 2-mercapto- 
ethanol, and sonicated for 15 min in an ice-water bath. After 
removal of the cell debris by centrifugation at 80,000g for 
90 min at 4°C, 5% streptomycin sulphate solution was added 
gradually, to give a final concentration of 1%. The suspension 
was centrifuged and the supernatant was dialysed at 4 °C over- 
night against the 20 mM Tris-HCl buffer described above. The 
precipitate which appeared during dialysis was removed by 
low-speed centrifugation. The final supernatant was the crude 
extract used in this study. Crude extracts were also prepared 
from óNR2-infected and uninfected N cells, as was the 
@NR2rH-infected cell extract. We could detect BamNx activity 


Detection of BamNx inhibitor in the crude extract from 


Fig. 2 
@NR2rH-infected N cells using óNR2rH DNA as the substrate of 
BamNx. Purified BamNx was preincubated with various amounts 
of the crude extract, prepared as described in the text, in 50 ш of 


20 mM Tris-HCl buffer (pH 7.5) containing 0.2 mM EDTA, 
15 mM MgCl, 5 mM 2-mercaptoethanol at 37°C for 15 min 
After this treatment, 2.5 ug of 6NR2rH DNA extracted from 
purified phage particles grown on strain N were added, incubated 
for 60 min at 37°C and 30 ul of each sample were applied to 
electrophoresis for the analysis of the remaining BamNx activity 
Electrophoresis was carried out as described in Fig. 1. BamNI 
fragments of B. subtilis-phage p11C3a DNA were used as standard 
markers (see Fig. 3 in detail). 1, Remaining activity of BamNx after 


the preincubation with 25 ul of the crude extract (about 7 mg 
protein per ml) from uninfected N cells; 2, untreated 
@NR2rH DNA; 3, BamNI fragments of р11СЗа DNA; 4-8, 


inactivation of BamNx by the preincubation with the crude extract 

from @NR2rH-infected N cells. Purified BamNx was preincubated 

with 0 ul (4), 1 ul (5), 3 ul (6), 10 ш (7) and 25 ші (8) of the crude 

extract from @NR2rH- infected N cells (about 8 mg protein per ml) 

9, untreated óNR2rH DNA; 10, BamNI of 
pllC3a DNA 


fragments 








Fig. 3 Detection of BamNx inhibitor using p11 
substrate of BamNx. The same crude extracts as d« t 
were used. B. subtilis-phage p11C3a DN А generates 1 
by BamNI (or BamHI) cleavage, and 2 fragme 
cleavage (Kawamura and Ito, in preparation). Ba 
were designated BamNI A-J in order of decreasi 
cleaves BamNI A fragment and a new DNA band a 
the BamNI E and F fragments by Agarose ge! electr 
cleavage with both BamNI 
determine the activity of BamNI and/or BamNx using t 
substrate. The preincubation of purified BemNx wit 
extract was performed in the same conditionsas de 
Electrophoresis was carried out as described in I 
fragments of p11C3a DNA; 2, untreated p11( 
ments of p11C3a DNA generated by purifiec BamNI 
BamNx; 4, remaining activity of BamNx after 
with 25 ul of the crude extract from uninfe 
tion of BamNx by the preincubation 
from @NR2rH-infected N cells. 4 
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Dependence of protein synthesis on 
RNA synthesis during the early 
hours of germination of wheat embryos 


WHEAT EMBRYO germination is characterised by an increase 
in fresh weight during the first 40 min of imbibition, followed by 
a lag period of 5 h and finally, à phase of cell elongation during 
which fresh weight increases at a sustained rate’. An essential 
step in seed germination is de novo synthesis of proteins, but for 
the first 40 min it is mediated by preformed mRNA transcribed 
during embryogenesis’. Previous reports have shown that 
although there is a 2.5-3-fold increase in the relative rate of 
protein synthesis during the lag period (40 min-5.5 h^, there is 
no appreciable change in the rate of RNA synthesis". With the 
recently developed sensitive assays for ribonucleoside tri- 
phosphates??, the rate of RNA synthesis and its mode of 
regulation in early germination of wheat embryos was re- 
examined'?. In contrast to previous findings", our results 
clearly show a two- to threefold increase in the rate of RNA 
synthesis during the lag period of wheat embryo germination. 
This increase in RNA synthesis could conceivably account for 
the threefold increase in the rate of protein synthesis* and raises 
the possibility that protein synthesis may depend on RNA 


Fig. 1 Isolated wheat embryos (100 pg) were germinated for 3h 

in the presence or absence of a -amanitin. Ribosomes were isolated 

as described by Spiegel et al^. Four А зво units of ribosomes were 

separated on a 17-42% linear sucrose gradient with a 0.5 ml 

sucrose (1.8 M) pad in a Beckman SW 50.1 rotor by centrifuging at 

49,000 r.p.m. for 40 min. a, control; b, treated with 2 ug mr! 
of a-amanitin; c, treated with 10 pg ml ^! of a-amanitin. 
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Table 1 Effect of a-amanitin on RNA(a) and protein (5) synthesis 











a 
Ribosome- 
a-Amanitin — [5-2Hjuridine associated 
added incorporation Total mRNA mRNA 
c.p.m. c.p.m. 
(ug mI!) c.p.m. 96 per ng % per pe % 
0 27,600 100 13,600 100 19,500 100 
2 17,300 63 10,600 78 17,800 91 
4 14,100 51 
10 9,000 33 7,300 54 12,700 65 
b 
a-Amanitin [4,5-*H]leucine Polysome Active 
added incorporation content ribosome 
c.p.m. per 
(ug ml!) c.p.m. 96 96 0-1 A;gounits 96 
0 98,200 100 100 31,100 100 
2 58,900 60 79 25,500 82 
4 42,200 43 — — — 
10 20,600 21 54 17,400 56 





a, Isolated wheat embryos were germinated as described previously 
for 3h in the presence or absence of a-amanitin’®. After 3h of 
germination, 10 Ci of [5-^H]uridine was used to label 50 mg of isolated 
wheat embryos for 30 тіп. The 5% trichloroacetic acid-insoluble 
material was prepared as described previously! ?. 50 mg of germinated 
wheat embryos were ground with 0.4 ml of high salt buffer (1 M KCI, 
0.1 M Tris-HCI (pH 7.6) and 10 mM EDTA) with a mortar and pestle. 
2 ml of 1% SDS buffer (5 mM EDTA, 10 mM Tris-HCI (pH 7.6) and 
196 SDS) was then added to the extract, mixed well and extracted twice 
with 3ml of water-saturated chloroform-phenol (1:1, v/v). The 
aqueous phase was adjusted to 0.2 M ammonium acetate and the RNA 
was precipitated by 2 volumes absolute ethyl alcohol (18 h, ~20 °C). The 
precipitate was washed 3 times with 2 M LiCl, twice with 70% aqueous 
ethyl alcohol, dried and dissolved in 2 ml of sterilised water. The total 
RNA (6.25 pg) was translated in a wheatgerm extract $30 system? з 
Ribosomes were obtained from 100 mg of isolated wheat embryos 
germinated for 3 h as described by Spiegel et al. The ribosomal pellet 
was suspended in 2 ml of 196 SDS buffer and then mixed with 1 ml of 
regular buffer (5 mM EDTA and 10 mM Tris-HCl, pH 7.6). 400 pl of 
high salt buffer were added to the ribosome suspension. The resulting 
precipitate was removed by centrifugation. 3 ml of water-saturated 
chloroform-phenol were used to extract the aqueous phase. The 
RNA was prepared as described before. The wheatgerm extract $30 
was used to translate 5 рр of ribosome-associated mRNA. b, After 
3h of germination, the embryos were labelled with 20 pCi of 
L-[4,5-2H(N)]leucine for 30 min. The 5% trichloroacetic acid-homo- 
genate was prepared as described previously'^, except that it had been 
incubated at 90 °C for 15 min. The polysome content was obtained from 
Fig. 1 by measuring the area of the polysome region from absorbance 
compared with the fraction plot following sucrose gradient centri- 
fugation. Ribosomal fractions were prepared as described above. Excess 
wheatgerm extract $100 (5 pl) was used for the completion of nascent 
peptidyl chains present in 0.16 A260 units of ribosome in the presence of 
8 рМ pactamycin. 


synthesis after the first 40 min of germination. We describe here 
experiments undertaken in wheat (Triticum aestivum L.) 
embryos to study the effect of inhibition of RNA synthesis on the 
rate of protein synthesis. Our data suggest that protein synthesis 
depends on RNA synthesis, and that the substrate level of 
mRNA is not a rate-limiting determinant for protein synthesis 
during the early hours of germination. 

After 3 h of germination, concomitant decreases in RNA and 
protein synthesis were observed in isolated wheat embryos 
treated with a-amanitin (Table 1, column 3). Measurements of 
the fractionation of ribosomes isolated from a -amanitin-treated 
samples on a 17-42% sucrose gradient revealed a decrease in 
polysomes and an increase in monosomes (Fig. 1). With a- 
amanitin at 2 ug ml! and 10 pg ml^!, the polysome content was 
depressed by 21% and 46%, respectively (Table 15, column 4). 
Active ribosomes were quantified by allowing the nascent 
peptidyl chains of active ribosomes to complete polypeptide 
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synthesis in the presence of the initiation inhibitor, pactamycin. 
The treatment of a-amanitin at 2 ug ml! and 10 pg mi! 
caused a decrease in the amount of active ribosomes by 18% and 
44%, respectively (Table 15, column 5). The possibility of a 
direct effect by a-amanitin on protein synthesis was eliminated 
by an in vitro study with a cell-free wheatgerm translation 
system (data not shown). 

a-Amanitin probably inhibits the synthesis of mRNA which 
in turn may affect either the substrate level of mRNA or the 
cellular content of an essential factor(s) required for protein 
synthesis. After 3h of germination, the cellular level of total 
mRNA was 22% and 46% lower than the control sample when 
treated with a-amanitin at 2 ug ml ' and 10 pg ml, respec- 
tively (Table 1a, column 5). The amount of mRNA actually 
associated with ribosome in a-amanitin-treated samples was 
decreased to a lesser extent. When 2 ug ml”! of a-amanitin was 
used in the incubation, the amount of ribosome-associated 
mRNA decreased by only 9% (Table 1, column 7). Such a small 
decrease in the ribosome-associated mRNA cannot fully 
account for the 40% inhibition of protein synthesis (Table 15, 
column 3) and the 20% depression of polysome content (Table 
1b, column 4). Therefore, the substrate level of mRNA does not 
seem to be the rate-limiting determinant for protein synthesis. 

No obvious changes in the polysome profile were observed 
following treatment with a-amanitin (Fig. 1). This observation 
would suggest that normal loading of ribosomes on the mRNA 
can proceed once the mRNA is 'activated' for protein synthesis. 
A reduced initiation efficiency in protein synthesis has been 
Observed in other cell systems in resting compared with proli- 
ferating cultures!" '?, It is possible that the formation of the first 
peptidyl bond is required by the essential factor(s), as the first 
dipeptide synthesis is a unique step in protein synthesis", It has 
also been reported that protein synthesis is not regulated by the 
supply of mRNA in oocytes of Xenopus laevis!*. 

We thank Dr Abraham Marcus for the isolated wheat 
embryos. This research was supported by a grant from the NSF. 
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MHC matching shows that 
at least two T-cell 
subsets determine resistance to HSV 


DISTINCT T-cell subsets recognise antigens in association with 
different major histocompatibility complex (MHC) products, 
and this provides a means of identifying the subsets which 
operate in protective immunity against pathogens. Thus, cyto- 
toxic Т cells (Tc) recognise antigen in association with products 
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Table 1 H-2 compatibility required for immunological protection 
against HSV-1: adoptive transfer to AOR B mice 


Donors (H-2 haplotype), 


no. and type of Survival at Survival at 

spleen cells transferred 144 60d 
AQR (qkkddd) 

5x10? normal 1/9 1/9 

5x10? immune 11/11 11/11 

1-1.5 10’ immune 0/12 10/12 

5х 10° immune 0/4 - 
B10.BR (kkkkkk) 

5x10? normal 1/9 1/9 

5x10? immune 9/9 9/9 

1-1.5 x 10’ immune 3/12 32 
B10.T(6R) (aqqqqd) 

5x10? normal 0/8 - 

5x10 immune 7/10 2/10 

1-1.5 х 10" immune 4/11 0/11 
B10.BR+B10.T(6R) 

1.5x107+5 х 10° immune 3/11 5/11 
C57BL/6(bbbbbb) 

5x10? immune 2/10 2/10 

1-1.5 x 107 immune 0/8 $ 





of the К and D regions of the H-2 compiex of the mouse; and 
because protection against lymphocytic choriomeningitis’, 
ectromelia? and influenza? requires compatibility at K or D in 
adoptive transfer experiments, it follows that the subset 
mediates protective immunity against these viruses, I-region 
compatibility requirements have not hitherto been observed in 
viral infections, but are necessary for protection against the 
intracellular parasite Listeria monocytogenes. This suggests that 
T helper cells (Ty) and/or the lymphocytes responsible for 
delayed hypersensitivity and lymphokine release may be 
involved^ (these lymphocytes can provisionally be included 
within the Tu subset). Adoptive transfer studies in mice have 
clearly established a major role for T lymphocytes in recovery 
from infection with herpes simplex virus (HSV-1)°". The T- 
lymphocyte subclass or classes responsible for this protection 
are not known. Jn vitro cytotoxic T cells (To), and their primed 
precursors? can be obtained from HSV-1 infected mice. The 
present study indicates that immune protection against HSV-1 
can be conferred by immune spleen cells possessing either | or 
K-D compatibility, and that long-lasting protection is conferred 
only by cells with I-region compatibility. 

Donor strains of mice (Table 1) were immunised initially by 
intraperitoneal injection of 10° plaque-forming units (PFU) of 
Kruger strain HSV-1, boosted with 10’ PFU after 1 week and 
10° PFU after 2 weeks (virus was grown on cell strain BHK-13, 
and stored at —70 °C at a concentration of 10° PFU ml^'). After 
10-14 d, pooled sera from each strain of denor mice consistently 
showed antibody in dilutions of 4x10 * by a solid phase 
radioimmunoassay. At this time teased spleen cells were 
obtained aseptically, washed three times with a modified Eagle's 
medium and injected into recipients in the numbers indicated in 
Table 1. Recipients were 12-16-week-old AQR mice which had 
been adult thymectomised at 4-6 weeks of age, and at 8-10 
weeks had been irradiated (750-800 R) and reconstituted with 
1-2 x 10’ AQR bone marrow cells following anti-Thy-1.2 and 
complement treatment (‘B’ mice). 

Two days after spleen cell transfer, 2 х 10° PFU of HSV-1 
were injected intraperitoneally; this was a quantitv of virus 
found to be lethal for AQR B mice, which were themselves 
100-fold more susceptible to the virus then normal mice of the 
same strain, Times of death were recorced and fell into two 
distinct groups. Mice dying less than 14 d after HSV-1 
developed a progressive paralysis and findings typical of HSV 
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encephalitis’. A second group of mice died 30-60 d after 
HSV-1. Those mice surviving beyond 60 d were considered to 
have a lasting immunity. 

As Table 1 indicates 5 х 10’ syngeneic immune cells (AQR) 
and 5 x 10’ immune cells with I-region compatibility (B10.BR) 
conferred a long-lasting protection; 1-1.5 х 10’ AOR immune 
spleen cells were also protective, but this number of B10.BR 
cells were protective in only 3/12 mice; 5 x 10’ immune spleen 
cells with K-D compatibility, B10.T(6R), were protective initi- 
ally in 7/10 mice but only 2/10 mice survived 60 d; 1-1.5 x 10’ 
B10.T(6R) immune cells were initially protective in 4/11 
instances, but long-lasting immunity was not achieved in any 
mouse. An attempt at enhancing protection by combining 
immune cells from two strains of mice, one with I-region 
compatibility (1.5 x 10" B10.BR) and the other K-D compati- 
bility (5x 10° B10. T(6R)) was successful in only 5/11 mice; this 
effect was long lasting, but in numbers not significantly different 
from that obtained with B10.BR cells alone. Spleen cells from 
non-immunised donors and from an immunised strain without 
H-2 compatibility (C57BL/6) failed to provide protection. By 
contrast, 5 x 107 of C57BL/6 immune spleen cells provided 
100% protection in 26 acutely irradiated, HSV-infected B6 
mice (350-450 В); spleen cells from non-immunised C57BL/6 
mice failed to protect (18/21 deaths in less than 14 d). 

These results demonstrate the need for H-2 compatibility in 
immune protection against HSV-1 in adoptive transfer studies 
in mice. Immune spleen cells from a mouse strain with known 
high resistance to herpes infection C57BL/6 (ref. 10), and 
demonstrated capacity to protect acutely irradiated HSV-1- 
infected syngeneic mice, fail to protect in non-H-2-compatible 
recipients. The protection conferred by H-2-compatible 
immune spleen cells is mediated by T cells, as we have confirmed 
previous work’ showing that treatment of the transferred cells 
with anti-Thy-1.2 and complement abolished their protective 
effect (data not shown). 

T-cell recognition of both I and K-D coded self-markers 
seems to be important in immune protection against HSV-1 in 
mice. I-region compatibility confers a long-lasting protection, 
whereas K-D compatibility confers only a temporary protection 
in most animals. These findings are consistent with a role for 
both Ty lymphocytes and Tc lymphocytes in the immune 
response to this virus, and complete protection is provided by Ta 
lymphocytes alone in sufficient numbers. It might be argued that 
Tc lymphocytes may also have played a part in long-term 
protection, through differentiation of precursors in the thymus 
of the K-D-imcompatible host; however, this seems unlikely 
because such precursors are not known to occur among spleen 
cells. This is therefore the first demonstration that Ty cells may 
have a greater protective capacity than Tc in a virus infection. It 
should be emphasised that this study differs from the previous 
short-term studies using recoverable virus as an end point, which 
have demonstrated a need for K-D compatibility only. Ty cells 
may prove important in recovery from these infections. as in 
vitro experiments suggest". The interpretation of our long-term 
effects are open to question because of the problem of reaction 
to the alloantigens, but the significant point is that long-term 
protection was in fact obtained. We think it unlikely that the 
long-term protection can be attributed simply to an allogeneic 
effect, not only because of its duration, but also because it was 
obtained with K-D-incompatible rather than I-incompatible 
cells. 

Ty could be providing protection in several ways, including 
helping Tc precursors or B cells, the elaboration of lymphokines 
leading to the recruitment of other cells, and the direct activa- 
tion of macrophages*. The importance of mature macrophages 
as effector cells in recovery from HSV-1 infections has been 
stressed previously" !^". Help for B cells in the production of 
anti-viral antibody is perhaps the most straightforward possi- 
bility; the fact that anti-Thy-1 treatment abolishes protection 
does not argue against this possibility, for such treatment would 
inactivate the helper cells known to participate in the secondary 
antibody response to HSV and other viruses'*. The failure to 
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achieve a protection comparable to that with syngeneic cells by a 
combination of two cell sources, one with I-region and the other 
with K-D-region compatibility suggests that compatibility may 
be required between Ty and Te to achieve complete protection 
with low numbers of transferred immune cells. 

Immune spleen cells recognising K-D-coded self-antigens 
only are also initially protective, strongly suggesting that Тс cells 
play a part in the immune response to herpes in vivo as well as in 
vitro?. The failure of such adoptively transferred mice to survive 
indefinitely may be due to eventual loss of specifically immune 
short-lived lymphocytes, although other mechanisms such as a 
graft-versus-host response could not be excluded in the present 
study. 

HSV-1 was supplied by Dr D. Planterose, Beechams. 
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Evidence for a specific B27-associated 
cell surface marker on lymphocytes 
of patients with ankylosing spondylitis 


THE strong association of HLA-B27 with ankylosing spon- 
dylitis (AS) as well as an increased frequency of B27 in other 
seronegative arthropathies is well documented'™*. Nevertheless, 
the significance and the molecular basis of this remarkable 
association is still unknown. Ebringer et al^? reported that 
Klebsiella pneumoniae was present in the faeces of patients with 
AS more frequently than in those of healthy controls, and that 
there seemed to be some cross-reactivity between HLA-B27- 
positive lymphocytes and Klebsiella antigen. It is possible, 
therefore, that an infectious agent, probably an enteric 
organism, is involved in the pathogenesis of AS. We have 
therefore decided to examine the in vitro proliferative responses 
of peripheral blood lymphocytes to Klebsiella and to several 
enteric organisms. To examine the possibility of cross-reactivity 
between B27 and Klebsiella antigen, we raised antisera in 
rabbits against various isolates of Klebsiella and tested the 
cytotoxicity of these antisera on lymphocytes of AS patients and 
of normal controls. The results presented here strongly suggest 
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Table 1 Comparison of means of logio transformed stimulation indices to various antigens of B27*AS* patients compared with B27 AS” and 
B27* AS” normal controls 


Antigen . Mean x-s.c.m. of 10810 transformed stimulation indices t values 

B27* AS* (a) B27'AS (b) B27 AS (c) avb avc bye 
Klebsiella 411 0.22 (+0.02) 0.54 (+0.02) 0.64 (+0.02) 3.2* 4.8t 0.9 
Klebsiella 427 0.12 (+0.02) 0.58 (+0.02) 70.56 (+0 02) 5t 5.5t 0.2 
Klebsiella 433. s 0 13 (+0.02) 0.47 (20.04) 0.58 (+0.02) 3.4* 5.1t 0.01 
Klebsiella 462 0.05 (+0.01) 0.38 (20.04) 0.40 (+0.03) 3.4* 4.8t 0.11 
Klebsiella 468 0.08 (+0.01) 0.46 (£0.02) 0 37 (+0.02) 42t 4.11 09 
Staphylococcus 0.60 (+0.01) 0.75 (+0.17) 0.79 (+0.04) 1.0 1.7 0.5 
Streptococcus 0.96 (+0.03) 0.87 (+0.12) 1.0 (+0.02) 0.6 1.2 0.4 
Shigella 0.88 (+0.03) 0.89 (+0.07) 0.94 (+0.04) 0.2 0.7 0.5 
Yersinia 0.69 (+0 02) 0.7 (40.1) 0.72 (+0.01) 0.03 0.3 0.2 
Phytohaemagglutinin 1.9 (+0.02) 1.8 (+0.03) 1.8 (+0.03) 1.23 11 1.0 


The distribution of the stimulation indices for each antigen and each group of individuals was normalised by log; transformation and the means of 
the log;o transformed values compared using the Student's t test (* P «0.01, t P « 0 001). Peripheral blood lymphocytes were obtained from groups 
of B27-positive patients with ankylosing spondylitis (B27* AS*, n = 25), B27-negatrve normal controls (B27 AS", n = 37) and B27-potitive normal 
controls (B27* AS", n = 13). The cells were separated from hepannised blood by centrifugation in Ficoll-Paque (Pharmacia) for 25 min at 580g. The 
leukocyte band was removed and washed with RPMI 1640 (Flow) medrum containing 2 ml heparin (1,000) units ml), 10 ml IM HEPES (Sigma) 
buffer, 5 ml L-glutamine (200 mM) and 2 ml penicillin-streptomycin (5,000 IU, 5,000 yg ml; Flow) per 500 ml of RPMI medium. The leukocytes 
were suspended in RPMI medium containing 1096 human AB serum and centrifuged for a further 10 mm at 180g. The cells were then resuspended in 
RPMI medium containing 20% AB serum and adjusted to a cell concentration of 10° mononuclear cells per ml of medium. Bacterial suspensions were 
adjusted to erther 10° (Klebsiella) or 10° (Staphylococcus, Streptococcus, Yersinia and Shigella) organisms per ml RPMI containing 20% AB serum. 
Lymphocytes (5 x 10* in 50 jl) were cultured in round-bottomed Linbro culture plates (Linbro) with 50 yl of the bacterial suspension (5 х 10^ to 
5 X 10° organisms) and 50 ш of RPMI containing 20% AB serum. All cultures were carried out in triplicate. In addition to the bacterial suspensions, 
the lymphocytes of each individual were cultured with phytohaemagglutinin (10 ug per well). The lymphocyte cultures were incubated at 37 °C for 6 d. 
On day 5, 1 wl of *H-thymidine (1 Ci) was added to each well and tbe cells collected about 24 h later, with a Skatron (Lierbyen) multiple cell culture 
collector. The radioactivity of the cells was measured in a liquid scintillation counter (Packard, TRI-CARB, model 2002). Results are expressed as 
stimulation indices: c.p.m. with antigen per c.p.m. without antigen. 


Table 2 Antiserum to Klebsiella sp. (427) lyses lymphocytes of B27' AS" patents but not of B27' AS. or B27 AS” healthy controls 








Target lymphocytes 
Serum Absorption B27'AS* B27 AS* B27'AS^ B27 AS” 
Anti-B27 0 744 0 67 0 
Anti-Klebstella 427 0 69 1 11 10 
Anti-Klebsiella 427 B27* AS* 13 nt 2 7 
Antü-Klebsiella 427 B27*AS^ 73 nt 10 3 
Anti-Klebnella 427 B27 AS" 64 nt 13 2 
Ant-Klebnella 468 0 11 12 6 13 
Anti-Klebsiella 462 0 2 6 8 0 
Anti-Klebsiella 433 0 8 7 12 3 
Anht-$ typhimurrtum 0 5 2 0 5 
Anti-S. typhi 0 3 0 0 2 
Ant-Streptococcus Group A 0 19 18 3 7 
Anti-Shig. dysenteriae 0 2 7 0 4 5 





Antisera to formahnised suspensions of venous bacteria were tested on Ficoll-sedimented Бега! blood lymphocytes (see legend to Table 1) of 
B27^AS* and B27 AS” patients as well as B27* AS" and B27 AS" unaffected individuals in a ?'Сг release assay. About 10 x 10° lymphocytes were 
incubated in 1 ml of RPMI 1640 (Flow) containing 10% human AB serum and 100 pCi of Ст (specific actrvity: 200-500 „Сї ug, Amersham) for 
60 min at 37 °C: The celis were then wasbed teke with RPMI-e 10% AB serum and resuspended at a concentration of 3x 10° cells per ral 100 pl of 
the **Cr-labelled cell suspension were added to 10x 75-mm plastic tubes and incubated with 100 ul of antiserum at 24 °С for 30 min. Rabbit 
complement (100 ш) was then added to each tube and the incubation continued for a further 60 min. The cells were centrifuged at 2,000 r.p.m. for 
15 min and 100 p.l of the supernatant was counted in à Packard auto-gamma scintillation spectrometer. The amount of radioacnvity in the samples was 
compared with radioactivity present in an equal volume of the supernatant from tubes containing cells in medium plus complement only, and with that 
present in tubes containing cells which were frozen and thawed three times. The results are expressed as the percentage of maximum ^! Cr released, 
which was calculated as follows: ‘ 

бүг % = 100x Radioactivity released by antiserum — radioactivity released in absence of antiserum 
Radioactivity released by frozen and thawed cells — radioactivity released in absence of antiserum 
The results shown are of a typical experiment on the cells of single individuals for each category. The antibacterial activity on the rabbit sera was 
demonstrated by the slide agglutination technique. Both the absorbed and unabsorbed antibacterial antisera were tested at a dilution of 1:8; anti-B27 
antiserum was used undiluted. Anti-Klebsiella 427 antserum was absorbed twice by mixing 100 pl of antiserum with 30x 10$ packed peripheral 


blood lymphocytes for 2 h at 24°C The absorbed serum was centrifuged at 10,000 r.p.m for 30 min and diluted (1:8) with RPMI +10% AB serum 
before testing. 


that Klebsiella antigens cross-react with a gene product closely negative healthy controls. Bacterial cultures were isolated from 
associated with HLA-B27 or with a Klebsiella-associated B27 faecal samples (Shigella flexner and Klebsiella, isolate numbers 
antigen in AS patients. 411, 427, 433, 462 and 468), a wound swab (Staphylococcus sp.) 
As patients with AS have diminished T-cell responses to and a throat swab (Streptococcus sp.). Yersinia enterocolitica 
Yersinia in vitro*, we wondered whether there was a similar (NCTC no. 10598) was also used (American Type Culture 
impairment of in vitro T-cell proliferation in response to other Collection). Bacteria were killed by adding 0.25 ml of 40% 
bacterial antigens. Lymphocytes were obtained from B27-posi- ^ formaldehyde to а 20-ml suspension of the organisms (109-1079 
tive patients with definite ankylosing spondylitis (by Rome and per ml) in nutrient broth. The formalin-killed bacteria were 
New York criteria") as well as from B27-positive and B27- washed twice with sterile 0.9% NaCl and stored at —20 °С. 
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Table 3 Lymphocytotoxic activity of Anti-Klebsiella 427 antiserum 
for lymphocytes from AS patients and from normal controls 


Diagnosis B27 positive No. positive/no. tested 
Definite AS Yes 21/23 
Probable AS Yes 3/3 

Definite AS No 0/3 

Normal Yes 0/13 

Normal No 0/22 


Diagnosis was based on Rome and New York criteria. 


The data in Table 1 show that B27-positive patients with AS 
as well as B27-positive and B27-negative healthy controls 
respond equally well to phytohaemagglutinin in vitro. Similarly, 
the responses of individuals, in all three groups, to Staphylococ - 
cus, Streptococcus, Y. enterocolitica and Shig. flexner are not 
significantly different. Commercially obtained preparations of 
Salmonella tryphimurium H specific and S. typhi H (Wellcome) 
failed to stimulate the lymphocytes of any of the individuals 
tested (data not shown). By contrast, B27-positive individuals 
affected with AS have a significantly lower in vitro responsive- 
ness to Klebsiella (isolates 411, 427, 433, 462 and 468) as 
compared with B27-positive and B27-negative healthy controls. 
These observations, together with those of Ebringer et al., 
suggest a possible cross-reactivity between Klebsiella antigens 
and HLA-B27, or the product of a closely linked gene. Alter- 
natively, the lower lymphocyte responses to Klebsiella in AS 
patients may reflect an impaired processing of antigen by 
macrophages or the production of suppressor cells and/or 
suppressor factors by the lymphoid cells of affected individuals. 
These possibilities are now being studied. 

In an attempt to gather further information on a possible 
cross-reactivity. between Klebsiella and B27, we raised anti- 
bodies in rabbits to formalin-killed faecal isolates of Klebsiella 
(427, 433, 462 and 468) and to formalinised suspensions of S. 
typhimurium H specific and S. typhi H. 

Rabbits (3-5 kg) were injected intravenously in the marginal 
ear vein with about 10° formalin-killed bacteria in normal saline 
(2ml). Two weeks later, the animals received 10°-10'° 
organisms in 2ml of complete Freund’s adjuvant (Difco) 
intramuscularly into multiple sites in the thigh and the nuchal 
skin. After 10-14 d the rabbits were boosted intravenously with 
1ml of bacterial suspension (10*°-10° organisms) in normal 
saline. Two weeks after the last injection, they were bled and the 
serum stored at —20 °C. In some cases the rabbits were boosted 


intravenously at 2- to 3-weekly intervals (for periods up to 6 · 


months) with about 10* organisms in 1 ml saline, and bled 1 
week after each injection. 

Table 2 shows the results of a typical experiment on the 
cells of single individuals for each category. The data indicate 
that an antiserum to Klebsiella 427 lyses the lymphocytes of 
B27-positive patients with AS but not those of B27-negative 
individuals with active disease. By contrast, the lymphocytes of 
B27-positive and B27-negative unaffected individuals are not 
lysed by an antiserum to Klebsiella 427. Furthermore, the 
cytotoxic activity of antiserum 427 may be removed only by 
lymphoid cells from B27-positive patients with AS but not by 
lymphocytes from B27-positive or B27-negative normal 
controls. Antisera to other isolates of Klebsiella (468, 462 and 
433) produced virtually no lysis of any of the target lymphocytes. 
Similarly, antisera to S. typhimurium, S. typhi, Streptococcus 
~ Group A and Shig. dysenteriae (both Wellcome) gave <20% 
*!Cr release from the four categories of lymphocytes. Preli- 
minary results (data not shown) indicate that antisera to Y. 
enterocolitica and Staphylococcus also fail to lyse the lympho- 
cytes of affected and normal individuals. It is of interest that only 
one isolate of Klebsiella (427) gave a persistently high percen- 
tage *!Cr release from the cells of B27-positive affected patients, 
whereas sera raised against the other three isolates produced 
only about 1096 lysis. This suggests either that only some strains 
of Klebsiella cross-react with the putative B27-associated gene 
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product in patients with AS or that Klebsiella 427 is more 
immunogenic in the rabbit than the other isolates tested. 
However, the latter possibility seems less likely, as rabbits 
boosted with isolates 468, 462 and 433 at 3-weekly intervals 
over a period of 4-6 months failed to produce detectable 
cytotoxic antibodies reactive with the lymphocytes of AS 
patients bearing the B27 allele. 

Table 3 summarises the data on the reactivity of anti-Kleb- 
siella 427 antiserum with lymphocytes from affected and normal 
individuals. The: results strongly suggest cross-reactivity 
between some Klebsiella antigens and a gene product closely 
associated with HLA-B27 or possibly with genetically- or 
Klebsiella-modified B27 alloantigen complex in AS patients. 
The failure of anti-Klebsiella 427 antiserum to lyse cells from 
B27-negative AS patients suggests that B27 is an essential 
component of this hypothetical alloantigen-Klebsiella complex. 
Arnason et al.'° have provided evidence that the predisposing 
determinant in AS may be either a modified B27 or a gene 
located on the Bf (properdin factor B) side of the HLA-B locus. 
This evidence was based on the rationale that if the predisposing 
locus were on the same side of the HLA-B locus as the Bf locus, 
B27-Bf haplotypes in those affected should be more uniform 
than in those not affected. On the other hand, if the B27 
alloantigen predisposed directly, there would be no reason to 
expect any difference in the incidence of the Bf alleles in the 
affected minority and the non-affected majority who carry the 
B27 allele. These authors found that patients with AS were Bf, 
whereas 23-of the controls (individuals with B27 but without 
symptoms) had Bf and 23 carried ВР. 

In the murine system, the concept of ‘altered self’ has been 
extensively investigated by Zinkernagel er al.'', using as their 
model the adoptive transfer of T-cell immunity to the bacterium 
Listeria monocytogenes. These workers showed that immunity to 
the bacterium can be successfully transferred only if the donor 
and recipient share a portion of the I (immune) region of the 
mouse H-2 complex. The T cells involved in this genetically 
restricted transfer seem to be specific either for a complex of 
‘self’ in association with Listeria antigen or for bacterial antigen 
which is expressed on the cell surface and which is modified by I 
region-linked enzymes!^". It remains to be determined 
whether a similar modification of the B27 allele, by an enteric 
organism, leads to the appearance of cytotoxic or suppressor T 
cells, and whether the activity of these cells is restricted by the 
human equivalent of the murine I region. 

This work was supported in part by a grant from the National 
Health and MRC of. Australia and the Clive and Vera 
Ramaciotti Foundations. We thank Ms Joan Yap and Dr 
Maureen Gapes for providing bacterial cultures used in this 
study, Carmel Edwards and Rosalind Dall for technical assis- 
tance, and the members of the NSW Branch of the Australian 
Rheumatism Association for allowing us to study patients in 
their care. 
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Measurement of Two-Phase Flow Parameters 


G. F. Hewitt 

December 1978, viii + 288pp., £10.80/$22.25 0.12.346260.6 

Theoretical prediction of two-phase flow parameters is not generally possible, and therefore experiments and parametric 
measurements on two-phase flow systems are particularly important. However, numerous measurements have been made 
using the vast range of methods available, and the main function of this book is to assist the research worker in approaching 
the design of experiments by bringing together and classifying a very wide selection of material on measurements of two 
phase flow systems. The book is the first to deal exclusively with the subject. 
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From Romance to Reality 
Proceedings of a Conference 12-14 December 1977, sponsored jointly by the Royal Society of Medicine, 
London, the Wellcome Trust, London; the Royal Society of Medicine Foundation, Inc., New York; the 
National Institute of Allergy and Infectious Diseases, Bethesda; and John E. Fogarty, International 
Center, Bethesda. 

edited by Clive Wood 

January/February 1979, approx. 300pp., £13.20/$27.25 0.12.763360.Х 


This book — presenting the proceedings of an Anglo-American Symposium on Tropical Medicine — explores recent advances 
and considers future research in the prevention and care of the most prevalent communicable diseases that are related to the 
physical, social and economic environment of developing countries. 


Published in New York by Grune & Stratton Inc. ISBN 0.8089.1141.4 
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edited by P. F. Watson 
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This book gathers together in a single volume all that is presently known about the application of techniques of artificial 
breeding to non-domestic birds and mammals (including primates). Review chapters cover such aspects as semen collection, 
preservation and artificial insemination. The problems of the detection and induction of ovulation in non-domestic mammals 
are Considered, and available techniques are reviewed. 


Advances in Optical and Electron Microscopy 


Volume 7 
edited by R. Barer and V. E. Cosslett 


January/February 1979, xii + 398pp., £19.60/$40.50 0.12.029907.0 


This series attempts to cover all aspects of microscopy. In this volume two articles deal with problems arising from the study of 
moving objects, where the application of modern technology offers solutions to long standing problems. in the remaining 
articles the emphasis is on the physical principles of image formation and interpretation, such as the determination of the 
three-dimensional structure of macromolecules and the prospects for imaging single atoms. As with the previous volumes itis 
intended that this volume will be of interest to all those who use microscopy in both the biological and physical sciences. 
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Sussex school of perception 





Perceptions and Representations: The 
Theoretical Bases of Brain Research 
and Psychology. By K. Oatley. Pp. 262. 
(Methuen: London, 1978.) £7. 





THIS is a non-technical exposition of 
what might be called (though probably 
not by its members) the Sussex school 
of perception. In 1959 Stuart Suther- 
land, following Lashley, set out the 
problems posed for any theory of 
perception, and many of his colleagues 
at Sussex, including the author of this 
book, contributed to the solutions 
Subsequently offered. The problems 
arose because the invariants of percep- 
tion are not reflected by invariants in 
the stimulus. Objects look the same 
from different aspects, for instance, 
and wherever their image falls on 
the retina, while the information in 
the stimulus may be drastically 
incomplete, but still recognisable, as in 
a cartoon figure. The Sussex solution 
is found in artificial intelligence, a 
branch of computer science which has 
created programmes to compute 
"picture descriptions’. These pro. 
grammes are based upon the spatial 
configurations of the parts of the 
picture. Physically different stimuli (or 
cues, the term preferred by Dr Oatley), 
such as pictures of the same scene from 
different aspects, can give rise to 
similar. descriptions or representations, 
and can thereby receive a common 
classification (but they may not, 
depending upon the "purposes" incor- 
porated in to the programme; thus 
there is an attractive freedom from 
control by the stimulus) Dr Oatley 
gives a very readable account of these 
views and his book will be of great 
value to students of psychology, as 
well as to anyone interested in the way 
computer science has influenced 
psychology. 

He begins historically by tracing the 
background in reflex or stimulus- 
response theory. It is this theory which 
poses the problems recognised by 
Lashley, and which are unanswerable 
in its own terms. To develop more 
appropriate terms, Dr Oatley explores 
the idea of “emergent” properties, 
through an account of his own work on 
feedback mechanisms in hunger and 
thirst. Properties of a system "emerge" 
when they cannot be deduced from the 
"fundamental units" of the system. 


Thus “properties of the feedback loop, 
control, regulation and  entrainable 
oscillation clearly emerge as properties 
of organisation of processes in a feed- 
back loop, not the individual processes 
themselves". Likewise, representational 
properties of mind emerge from 
physical elements, and artificial intel- 
ligence is an analogue of this process. 
By anchoring the concept to feedback 
loops and computer technology, 
"emergence" loses its mystical tinge, 
and mind can emerge respectably as 
matter organised in particular ways. 

There are some clear acounts of 
artificial intelligence programmes, 
which are made accessible to the 
general reader without being watered 
down. These programmes can provide 
answers to the problems posed by 
stimulus-response theory, but do they 
provide an accurate model of visual 
perception? The evidence is sparse. 
True, one need only observe one's own 
thought processes to see that many 
perceptual tasks (such as Shepard and 
Metzner's experiments on puzzles the 
solutions of which involve imaging 
rotations of pictured solids) are solved 
by mental manipulations that can be 
incorporated into artificial intelligence 
programmes. But is all visual percep- 
tion of this kind? The answer given by 
this book is “yes”, perception involves 
the solution of a kind of puzzle, as 
retinal cues are incomplete, degenerate, 
often ambiguous, and sometimes down- 
right misleading. But are they? 

A questionable premise to the argu- 
ment is that the eye is like a camera. 
This view is encouraged by, and 
encourages, experiments on perception 
of pictures (rather than objects) which 
have to be interpreted or classified. If 
the eye is a camera (albeit far from 
perfect) the picture is imaged on the 
retina, so the interpretation of the 
picture is, in effect, an interpretation 
of the retinal information. But what is 
the image and what is the retinal 
information, for a monkey leaping 
through trees or a skier weaving his 
way amongst trees? If the static image 
of a picture projected on to the 
stationery eye of a laboratory subject 
is degenerate, what can we say about 
the information on the retina of a 
moving animal? If the computations in 
the interpretation of a static image are 
complex, what are the computations 
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necessary for an image that is rapidly 
changing? Much more complex, 
obviously, and yet visually guided 
movement, often rapid and of great 
refinement, occurs throughout the 
vertebrates, and therefore amongst 
animals that show little ability to inter- 
pret pictures, 

Perhaps artificial intelligence will 
find the answer to this; it is trying, and 
the difficulties are admitted, though not 
seriously considered by Dr Oatley. But 
there is a powerful alternative answer 
to the problem, also not seriously con- 
sidered in this book. J. J. Gibson has 
shown how the invariants of perception 
might, after all, be reflected in the 
visual environment, especialy if we 
take account of (rather than forget) the 
movements of the retina with respect 
to that environment. This involves 
giving up the eye-camera analogy and 
considering the environment in relation 
to an animal moving through it. The 
retinal projections will be transformed 
over time, and it is in these transforma- 
tions that, if Gibson is right, important 
invariants of perception can be found. 
This is a truly new theory, whereas the 
picture description theory, far from 
being a modern reaction to stimulus- 
response theory as suggested by Dr 
Oatley, has its roots in the long 
philosophical history of perceptions 
being constructed out of sensations, 
sense-data, stimuli, or sensory inputs. 
The famous straight stick which looks 
bent in water is the direct ancestor of 
all the puzzle stimuli and ambiguous 
figures with which psychology text- 
books abound. In both cases it is falsely 
concluded that because stimuli are 
sometimes misleading they must always 
be so, at least potentially. 

These are possible criticisms of the 
Sussex school of perception, which, 
being a school, is naturally one-sided, 
and whether the criticisms are valid or 
not Dr Oatley's book remains an 
excellent statement of this one-sided 
theory. The shakiness of the theory's 
foundations are all the better exposed 
by the clarity of the book, especially as 
Dr Oatley himself expresses doubts in 
the last chapter. The doubts are 
general, about science as a paradigm 
for psychology. It has great value, but 
is limited, and does not, for instance, 
help in the conduct of personal rela- 
tions. A suggested answer to these 
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doubts lies not in less but more 
reliance on computers, in the form of 
the “convivial computing” of Papert’s 
LOGO project. The aim of the project 
is to use computers as teachers, whose 
pupils will remain free of the hangups 
and fears of appearing foolish that 
human teachers frequently inspire. It is 
an impressive project, but surely not an 
answer to Dr Oatley’s doubts. Yet what 
answer could he give? Perhaps there is 
none within his framework of physio- 
logical psychology and artificial intel- 


ligence. This may explain his choice of 
a quotation from Doris Lessing at the 
beginning of the book: "And when a 
book's pattern and the shape of its 
inner life is as plain to the reader as it 
is to the author—then perhaps it is 
time to throw the book aside, as having 
had its day, and start again on some- 
thing new." D 





A. W. Still is Lecturer in Psychology at 
the University of Durham, UK. 
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Protein Turnover іп Mammalian Tissues 
and in the Whole Body. By J. C. Waterlow, 
P. J. Garlick and D. J. Millward. Pp. 804. 
(North-Holland: Amsterdam, New York 
and Oxford, 1978.) $120; Dfl.276. 





Tuis is a scholarly book in the best sense 
of that term: Professor Waterlow and his 
colleagues know the subject matter 
thoroughly, think very clearly and write 
very well. It is an expensive volume, but 
the isotopically labelled materials you 
need to study protein metabolism in the 
whole animal are also expensive, and 
most workers in this difficult field could 
easily save the cost of the book by reading 
it carefully, and then designing their 
experiments more wisely. 

A frontispiece to the book indicates a 
"scientific heritage" going back to the 
mid-eighteenth century, but the genealogy 
is not one of orderly succession. In the 
late 1930s Schoenheimer and his col- 
leagues made an astonishing leap forward 
by showing that metabolic precursors of 
all kinds, and in particular amino acids, 
could be labelled with stable isotopes, and 
thus that their metabolism in whole 
animals and tissues could be followed. 
The technical problems which had to be 
overcome to carry out this work were so 
great that no other laboratory was able to 
carry on the torch, but as a result of 
Schoenheimer's work, biological scientists 
learned to regard the body less as a fixed 
machine which ran on dietary fuel, and 
more like a military regiment in which the 
structure is in dynamic equilibrium with 
the fuel—in this case, the recruits. 

It has proved unexpectedly difficult to 
continue where Schoenheimer left off. In 
the past 20 years techniques for measuring 
both radioactive and stable isotopes have 
greatly improved. It is deceptively easy to 
carry out tracer studies with labelled 
amino acids, but all too often they are 
impossible to interpret. Good tracer 
studies need many skills, and if the in- 
vestigator's grasp of biochemistry or 
mathematics is inadequate, mere technical 
accuracy is of no use. This book concen- 
trates on the biochemistry and mathe- 
matics. 


The first section (164 pages) is on 
processes: a review of protein synthesis, 
degradation, and amino acid pools and 
transport. The key sentence is: "No 
measurement of the rate of incorporation 
of a labelled amino acid into protein can 
be used to calculate the rate of protein 
synthesis unless the specific activity of the 
free amino acid af the site of protein 
synthesis is also known." The second 
section, on methods (263 pages) starts 
with a useful introduction to mathematical 
models. Non-mathematicians should read 
this, as the study of anything so complex 
as whole body protein turnover requires 
models, and the more you know about 
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their advantages and limitations the more 
likely you are to use them appropriately. 
The next chapters deal with methods for 
measuring protein turnover in the whole 
body by observing free amino acid 
labelling, in individual tissues by observ- 
ing incorporation of label into tissue 
protein, and some special cases such as 
isolated perfused organs. 

The remaining 323 pages of text on 
results draws heavily on the work done by 
Professor Waterlow and his colleagues, 
and this concludes with a most stimulating 
chapter on directions of future research. 
There are great technical and intellectual 
challenges for the next generation of 
research workers, in a field ready for a 
new explosion of knowledge. The problem 
is that the body is much less homogeneous 
than a military regiment, or even an army, 
as there are many more types of protein, 
with different kinetics, than there are 
types of soldier. For those who take up 
the challenge to discover how and why 
protein is turned over in tissues and 
animals (including man) this book is an 
excellent guide. J. S. Garrow 





J. S. Garrow is at the Clinical Research 
Centre, Harrow, UK. 
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Physiology and Biochemistry of Seeds in 
Relation to Germination. Vol. 1: Develop- 
ment, Germination, and Growth. By 
J. D. Bewley and M. Black. Pp. 306. 
(Springer: Heidelberg and Berlin, 1978.) 
DM90. 





Tue authors of this first volume of a two- 
volume work have concerned themselves 
with the physiology and biochemistry of 
seed development, germination and seed- 
ling growth. Approximately one-third of 
the book deals with seed structure and the 
development of the seed on the parent 
plant, and the remainder considers 
germination and seedling growth with 
particular attention to the mobilisation of 
reserves and the control of mobilisation. 
The interest in these topics and the use of 
seed and seedling material for much 
research in the plant sciences gives the 
subject of this volume a considerable 
importance for both teaching and re- 
search. Part of the work provides an 
excellent text for advanced students, one 
of its strongest points being its critical 
treatment. of those dynamic aspects of 
seed development and germination, such 
as nucleic acid and protein synthesis and 
cereal aleurone layer studies, which have 
seen research work of a high quality in 
recent years. In areas in which there has 
been less distinguished recent work, such 
as the study of seed and seedling respira- 
tion and its control, the authors seem to 


have been rather less critical and some- 
what over-generous in their assessment of 
the literature. 

The authors’ aim for comprehensive- 
ness has resulted in the book having some 
rather dull sections, for example, on 
structure and on the chemistry and bio- 
chemistry of reserve materials, so that 
parts of the book have the character of a 
reference work, a feature of which is in 
keeping with the rather high price of the 
volume. Of course such a slim volume 
cannot really provide a comprehensive 
coverage of the subject and therefore each 
chapter is followed by some more general 
references so that the reader can fill out 
the topic. One vital and rather difficult 
topic has received very inadequate atten- 
tion: the question of the measurement of 
germination, which receives less than two 
pages and exhortations to read the 
literature. Something more authoritative 
was called for here. 

There are few errors in this attractively 
produced book. Most of the Tables and 
Figures have originated fairly directly 
from the literature and I found most value 
in those that had been specifically pro- 
duced by the authors. In volume two I 
hope that the authors will give more scope 
to their illustrative talents and I look 
forward to the early appearance of this 
volume and to its treatment of the real 
problem, that of seed dormancy. 

J. W. Bradbeer 





J. W. Bradbeer is Professor of Botany at 
King's College, University of London, UK. 


Nature 4 January 1979 











1977. Istrepr. 1978 
XX + 364 pages 

US $39.75/Dft. 110.00 
ISBN 0-444-41532-7 





1977. 
US $36.95/Dfl. 85.00 
ISBN 0-444-41551-3 


xx + 264 pages 





„нос Atias of 
Alpine Esizope 
ovs Adel inge ci gine Bris 


xvi 4 588 pages 


1978. 
US $152.25/Dfl. 350.00 
ISBN 0-444-41518-1 








Geostatistical Ore 
Reserve Estimation 
by MICHEL DAVID 


Developments in Geomath- 
ematics, 2 


Provides the reader with all the 
information necessary for imple- 
menting geostatistics in a mining 
company. Several computer pro- 
grams are provided to solve the 
essential problems and it is ex- 
plained how to actually generate 
a complete system for huge 
operations. 


^... the first comprehensive text- 
book in English on the subject it 
certainly fills this need both for 
the student and the qualitied 
mining engineer.” 

- World Mining 


Hydrothermal Uranium 
Deposits 


by ROBERT A. RICH, 
HEINRICH D. HOLLAND and 
ULRICH PETERSEN 


Developments in Economic 
Geology, 6 


"Mining engineers and economic 
geologists will find this їо be a 
valuable source of reference, as 
it provides a summary of the 
geology, mineralogy and geo- 
chemistry of these deposits along 
with a díscussion of genetic 
models for their origin." 

- Mining Magazine 


is 


„а compilation of great 
thoroughness and technical 
competance." 

- Australian Mineral Foundation 


Geological Atlas of 
Alpine Europe 

and Adjoining Alpine Areas 
edited by MARCEL LEMOINE 


A total of 657 illustrations are 
included in this comprehensive 
new work on the geology of the 
Alpine regions of Europe, North 
Africa and Asia Minor. It is a 
vast and impressive contribution 
of material and its collation into 
a truly functional atias makes it 
unique in its field. 


ELSEVIER 
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1978. xviii -- 376 pages 
US $49.75/Dfl. 125.00 
ISBN 0-444-41836-6 


INTRODUCTION T8 
MARINE 
MICROPALEONTOLOGH 


1978. хіу + 378 pages 
US $24.00/Dfl. 59.50 
ISBN 0-444-00267-7 





1978. viii + 530 pages 
US $75.00/Dfl. 180.00 
ISBN 0-444-41671-4 


Fluids in the Earth's 
Crust 


Their Significance in Meta- 
morphic, Tectonic and Chem- 
ical Transport Processes 


by W. S. FYFE, N. J. PRICE 
and A. B. THOMPSON 


Developments ‘п Geochem- 
istry, 1 


Neither a traditional text on 
metamorphic petrology, nor a 
treatise on structural geology, 


this unique work transcends the" 


conventional separation of these 
two fields by treating them in a 
unified way. The central theme 
is the role of fluids in tectonic, 
metamorphic and geochemical 
processes, and the text will un- 
doubtedly find application and 
interest among a wide range of 
readers. 


Introduction to Marine 
Micropalecntology 


edited by BILAL U. HAQ and 
ANNE BOERSMA 


The first microoaleontology text 
book to give an up-to-date, well 
illustrated, clear and concise in- 
troduction to ав the marine micro- 
fossil groups commonly used in 
the study of the marine environ- 
ment. The book will be welcomed 
by teachers, students and non- 
specialists alike who will find it 
a valuable source of information 
and reference 


The Phanerozoic 
Geology of the world 
il: The Mesozoic, Part A 


edited by M. MOULLADE and 
A. E. M. NAIRN 


“magnificent in concept and 
magnificent in execution... Thís 
beautifully produced volume and 
the others which follow will un- 
doubtedly remain major reference 
works all over the world for many 
years to come. There are many 
books nowadays... but not many 
as good as this." 
Derek V. Ager, Dept. of Geology. 
University College of Swansea 


P.O. Box 211, 1000 AE Amsterdam, The Netherlands 
52 Vanderbilt Ave., New York, N.Y. 10017 
The Dutch guilder price is definitive. US $ prices are subject to exchange rate fluctuations. 
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Amino acid 
transport 


A Review of Amino Acid Transport 
Processes in Animal Cells and. Tissues. 
By J. Lerner. Pp. 234. (University of 
Maine at Orono Press: Orono, Maine, 
1978.) 


AMINO ACIDS are chemically stable and 
easy to assay. With rapidly expanding 
techniques of microperfusion, micro- 
puncture and cell fractionation one might 
have been forgiven for thinking that 
most of what was worth knowing about 
these substances would soon be discover- 
ed. This has clearly turned out not to be 
the case for, despite a torrent of data 
produced in the past two decades, rela- 
tively little is known about the funda- 
mental aspect of transport into and out 
of cells. The literature is massive, with 
up to 100 original articles and some 
half-dozen reviews appearing annually. 
Professor Lerner is to be congratulated 
therefore on tackling the mammoth task 
of reviewing this field and providing a 
valuable synopsis of current information 
and concepts. 

He accomplishes his task in 177 pages 
of readable text which cites just over 900 
teferences up to 1976. The index is 


Upper atmosphere, 
ionosphere and 
magnetosphere 


Handbook of Astronomy, Astrophysics and 
Geophysics. Vol. 1: The Earth. 1. The 
Upper Atmosphere, Ionosphere and Mag- 
netosphere. Edited by C. W. Gordon, V. 
Canuto and W. L Axford. Pp. 412. 
(Gordon and Breach: London, 1978.) 
£35. 


As this particular volume represents the 
first of forthcoming volumes on a very 
wide range of astronomy, astrophysics 
and geophysics, a few general comments 
may be in order on the general editorial 
matter. First, it is not clear whether or 
not this particular volume (volume 1) 
18 supposed to cover the entire subjects of 
“The Upper Atmosphere, Ionosphere and 
Magnetosphere.” If other volumes are 
planned for the above subjects, it should 
have been mentioned in an editorial note. 
How many volumes are planned? Is 
general subject matter for each volume 
decided ? Or is this going to be a collec- 
tion of review papers as they come along? 

Secondly, the volume consists of six 
articles, а mixture of comprehensive 
articles covering a very wide range of 
topics and those covering rather specific 
topics. Thus, the general editorial policy 
for the general planning of this handbook 
is not very clear. Further, there does not 


excellent and the 15 chapters (some of 
which are a single page in length) are 
well laid out. Most data described have 
been derived from marine invertebrates, 
insects, parasites and mammals (with 
detailed considerations of transport in 
the gut, central nervous system and to a 
lesser extent the kidney), with the intact 
organism and isolated preparations con- 
sidered in detail There is adequate 
reference to other tissues and isolated 
cultured cells, with the differing specificity 
of particular transport systems according 
to organ and species suitably highlighted. 

Perhaps more than anything else, the 
complex interactions of the amino acids 
themselves on their own transport and 
the paucity of synthetic non-competitive 
specific inhibitors, have hindered the 
elucidation of mechanistic details. How- 
ever, of the effects known, those of 
hormones, mercury, nuckotides, amino 
acid analogues, vitamins and sugars are 
suitably described. The important in- 
fluence of sodium ion concentration is 
tackled in detail, although rather sur- 
prisingly without reference to the elegant 
work by Ullrich and his collaborators on 
the isolated rat renal tubule. 

Within the context of the whole 
organism there are interesting observa- 
tions on the adaptation and regulation of 
transport and how transport changes 


73 


during foetal development. Contribu- 
tions from tbe clinical front include the 
inborn errors of metabolism, dietary 
deficiencies, malabsorption and starva- 
tion. 

This volume is comprehensive but 
strictly a review. The theme is usually 
clear, but on occasions the book would 
benefit from an overall synthesis and 
some comment. Sometimes the argument 
becomes diffuse, points of interest or 
inconsistency are not highlighted, and 
there is little speculative comment. It is 
disappointing (but also indicative of our 
knowledge) that proposed mechanisms of 
transport only occupy 10 pages and there 
is no mention of any possible role for 
transmembrane peptides which are known 
to be important in other transport 
systems. However, despite these observa- 
tions the work will undoubtedly be of 
considerable use to research workers in 
and students of biochemistry, neuro- 
chemistry, comparative physiology, 
nutrition, regulation biology and I 
think especially clinical science It 
should find a place in all laboratories 
working on amino acid metabolism. 

C. W. J. Owens 





C. W. J. Owens із Lecturer in Chemical 
Science at University College Hospital Medi- 
cal School, London, UK. 





seem to be a uniform format: some have 
an abstract, some do not. Some articles 
have one page for the title and some do 
not. For an extensive article, it would be 
helpful to have at least a Table of Con- 
tents on the cover page. Also, if it is 
going to be truly a Handbook ıt should 
have at least a subject index. 

Among the articles in the first volume 
"Hydrogen in the Upper Atmosphere" 
by B. A. Tinsley, "Auroral Particle 
Precipitation . . . Observations” by B. A. 
Whalen and L B. McDiarmid, and “The 
Physical Mechanisms of the Inner Van 
Allen Belt" by M. Walt and T. A. Farley 
are perhaps the most comprehensive and 
up-to-date ones in each subject aree. 
The coverage of the article “The Equa- 
torial Electrojet" by D. M. Cunnold is 
rather limited, and there is little mention 
of some of the recent developments, such 
as the relationship between the F region 
of the ionosphere and the equatorial 
electrojet. The article “РоЈаг-Сар Absorp- 
tion Obsevrations and Theory" by G. C. 
Reid does not cover observations of solar 
protons in interplanetary space and 
in the magnetosphere. The coverage of 
J. R. McAfee’s article “Electron Plasma 
Resonances in the Topside Ionosphere” 
is reasonable for this limited subject. 

Syon-Icht Akasofu 


Syun-Ichi Akasofu is Professor of Geophysics 
at the Geophysical Institute, Untversity of 
Alaska, Fatrbanks, Alaska, 





SCIENTIFIC — 
. BOOKS 


H. K. LEWIS can supply works 
in all branches of Pure and 
Applied Sclence. Catalogues 
on request Please state 
interests. 
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Acetylcholine 
synthesis 


Acetylcholine Synthesis in Neurons. By 


S. Tuček. Pp. 259. (Chapman and 
Hall: London, 1978.) £15. 


DECENT PEE c ЫНАНА АН 
IN recent years several excellent books 
' on cholinergic mechanisms have been 
published (for example, Biology of 
Cholinergic Function, edited by A. M. 
Goldberg, L Hanin, Raven: New York, 
1976; -Neuromuscular Junction Hand- 
book of Experimental Pharmacology, 
42, edited by E. Zaimis, Springer: 
Berlin, 1976). As-these books have 
covered many topics of cholinergic 
transmission in more or less detail, one 
might wonder whether there is a need 
for another book on acetylcholine. 
However, the present monograph aims 
to be an addition to, rather than a 
substitute for its forerunners, by giving 
a detailed analysis of many aspects of 
transmitter synthesis, a subject which 
has not yet received the degree of 
attention it probably deserves. In my 
opinion the book fulfils its aim in an 
elegant manner. In the first place it is 
extremely readable, if only it were for 
the fact that it measures less than 200 
pages of text, in contrast to its more 
corpulent counterparts, where the busy 
reader may hesitate reading the full 
contents et leisure. If one takes into 
account its compact size the book is 
admirable in offering so much detail 
with such clarity. The author never 
seems to be in a hurry when explaining 
difficult matters; when there is no way 
out of a problem, as is often the case 
with conflicting evidence, he treats the 
sudject with justified economy. 

The book sets out with two chapters 
which nicely summarise what is known 
about choline acetyltransferase. Among 
other things the physical and enzymic 
properties of this protein are discussed, 
together with its presence in nerves and 
also in some non-nervous tissues, and 
its transport''in cholinergic axons. 
Subsequently, there are two very 
informative chapters devoted to the 
supply of acetw and choline moieties 
which finally form the acetylcholine 
molecule. The supply of choline and 
choline-containing substances to the 
nerves (with special attention to the 
brain) and the subsequent neuronal 
uptake of free choline are described, 
and the problem is discussed how, or 
rather in what chemical form, activated 
acetyl groups migrate through the 
mitochondrial membrane into the cell 
sap of the .nerve terminal These 
chapters are followed by a survey of 
what is known about the organisation 
and control of acetyícholine synthesis. 
This actually forms the body of the 
book, and is also the most interesting 


part. 


In addition to synthesis, the storage 
and release of acetylcholine are briefly 
discussed, as there are good reasons to 
believe that storage and release are 
intimately connected with the synthetic 
process, According to the author the 
synthesis of acetylcholine is probably 
controHed by mass action, enough 
choline.acetyltransferase being present 
to provide a rapid recovery from dis- 
turbances of equilibrium caused by 
release of transmitter. High affinity 
uptake of -chokine and release of 
activated acetw groups by the mito- 
chondrion may represent additional 
factors in the mechanism controlling 
acetylcholine synthesis. The turnover 
of acetyicholine in the living brain 
receives little attention in this chapter 
and perhaps some readers will regret 
this. A full discussion of this subject 
would have been redundant, because it 
has been extensively reviewed recently 
by L Hanin and E. Costa in a chapter 
of Biology of Cholinergic Function, 


Freshwater fish 


production . 


Ecology of Freshwater Fish Production. 
Edited by S. D. Gerking. Pp. 520. 
(Blackwell Scientific: Oxford, 1978.) 
£23.50. 


IN 1966 a symposium on The Biological 
Basis of Freshwater Fish Production was 
held at Reading University, England, and 
the proceedings were published by Black- 


‘wells in 1967 as a volume carrying the 


same title. The book was in great demand 
and has sadly been out of print for some 
time. However, the overwhelming re- 
sponse to that volume stimulated the 
production of the present book. The title 
has been changed and, although it is still 
recognisable as a 'reprint' of the earlier 
edition with many of the same authors 
simply revising and up-dating their pre- 
vious articks, it does have some new 
chapters, some new authors and a 
somewhat different approach. In addition 
some of the authors appearing in the 
first edition are absent from this one. 
Dr Shelby Gerking has been the 
editor of both volumes and has done a 
remarkably fine job. The present Ecology 
of Freshwater Fish is a much better work 
than its predecessor and, as the former 
was an excellent text, one can appreciate 
the high opinion the reviewer has of this 
present edition. 

The book is divided into four main 
areas: vital statistics of fish populations; 
the fish population and its food supply; 
competition and social behaviour in- 
fluencing production; and the contribu- 
tion of fish production to human nutrition 
and well-being. The last section is most 
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cited above. The last chapter of the 
book treats, among other things, the 
changes of choline acetyltransferase 
during development and ageing, and 
during Wallerian degeneration. 

The book provides an extensive list 
of references (papers as recently as 
1977 are referenced), which, so far as 
I have been able to judge, covers 
practically aH thet has been published 
in the бекі described in the book. It 
is the kind of reference list which 
makes the bulk of one's private file of 
references suitable for the dustbin. 

Overall the book is a most valuable 
source of information on a topic which 
bas not recently been reviewed else- 
where. Punther it has the merit of 
being of educational value for investi- 
gators entering into the cholinergic 
field. 

Peter Molenaar 


Peter Molenaar is at the Department of 


Pharmacology, University of Leiden, The 
Netherlands. 





welcome, and one worthy of the lengthy 
treatment it receaves this time. It includes 
contributions on fish yield assessment of 
large lakes and reservoirs, the growing 
science of aquaculture, ecological aspects 
of warmwater fishpond management, and 
the contribution of freshwater fish to 
human food, the latter containing a most 
valuable collection of statistics and up-to- 
date information. 

In the scheme of fish production, 10- 
formation on mortality is required, and 
one serious omission in this otherwise 
very complete book is any consideration 
of mortality from disease, parasitism and 
predation. Certainly the role of pme- 
daceous fish in ecosystems is dealt with 
in some length, but one would have 
thought thattwo papers, one on diseaseand 
parasitism, and, one on predation by other 
animals, would have been a ‘must’, There 
is considerable published work on the 
effects of disease and predation on 
both production and yield. Even in the 
first edition a paper on predation on fish 
by other animals was included, but for 
some reason this has been omitted this 
time. 

The book is up to Blackwells usual 
high quality of production, and only one 
figure (Fig 127, p320) is sub-standard. 
It should be in the library of every uni- 
versity department of biological sciences 
and on the shelves of freshwater fishery 
staff. It would also be a useful investment 
for undergraduate as well as postgraduate 
fisheries students. 

Derek Mills 





Derek Mills Caen Lecturer in уен 
water ecology ries managemen 
the University of Edinburgh, UK. 
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JEAN NEVILLE 


ROTHAMSTED 
EXPERIMENTAL STATION 
HARPENDEN, HERTS. ALS 230 

PLANT BIOLOGIST or 

PHYSIOLOGIST 


with strong biochemical background to 


study the physiology of vesicular- 
arbuscular mycorrhizal fungi and the 
possibility of their culture in artificial 
media, The post is tenable in the Soil 
Microbiology Department until 
January 1982 and is funded by the 
Ministry of Overseas Development. 
Qualifications: First or upper second 
class Honours degree or the equivalent 
and at least two years’ postgraduate 
experience. Preference will be given to 
candidates with appropriate post- 
doctoral experience in plant or micro- 


bial biochemistry and/or root physi- 
ology. 
Appointment in grade of Higher 


Scientific Officer (£4,101 to £5.448) or 
Senior Scientific Officer {£5,154 to 
£6,898), grade and starting salary de- 
pending on experience. At least four 
years’ post qualifying experience would 
normally be required for appointment 
as 5.5.0. Non-contributory super- 
annuation. 
Applv in writing to the Secretary, 
giving names and addresses of two 
referees and quoting Ref, 374 by 
January 26, 1979. Further details on 
request. 8997(A) 











01-831 6901 


UNIVERSITY OF BRISTOL 
Applications are invited 
for the post of 

LECTURER IN ANATOMY 

A vacancy exists for a lecturer with 
à primary responsibility to the teach- 
ing of medical students. As weil as 
being responsible for the teaching of 
gross anatomy to medical, dental, 
veterinary and science students, the 
Department offers courses in neuro- 
anatomy, endocrinology. reproduc- 
tion, embryology, dental anatomy and 
physical anthropology, with special- 
ised teaching in each of these topics 
to an Honours degree level. 

The Department has excellent 
facilities for research and is presently 
organised into a number of research 
groups working in the following areas: 
biochemistry and physiology of pep- 
tide-secreting neurones, neroanatomy 
of dopamine pathways, electrophysio- 
logy of the CNS, control of parturi- 
tion, bone mechanics, tooth eruption 
and physical anthropology. 

Salary will be on the scale £3,883 
to £7.754 (under review) ard letters of 
application including the names and 
addresses of three referees should be 
sent to the Registrar and Secretary. 
University of Bristol, Senate House. 
Bristol BS& ITD, before February 28. 
1979 (quoting ref. TLJ. Interested 
persons are welcome to visit the De- 
partment by arrangement with the 
Head of Department's secretary (Tel: 
0272-24161. Ext. 367). 8895(A) 


The British Council 


MANAGING EDITOR 


BRITISH MEDICAL 
BULLETIN 


The British Council, a worldwide educational and cultural organisation. 
is seeking a Managing Editor for the British Medical Bulletin, which is 


published three times a year. 


The successful candidate will have responsibility for all aspects of the 


Bulletin's production. This 


Council's Medical 


includes 
Advisory Committee for 


presenting subjects to the British 
inclusion in future issues; 


commissioning and editing contributions (referring when necessary to a 
specialist scientific editor); and liaising with the printers at all stages. 


The Managing Editor also has control over prices, publicity, circulation 
and sales promotion, and is responsible for the preparation of estimates 
and settling of fees. In addition he/she will supervise the work of the 


Bulletin 
Societies. 


staff, and will represent 


the 


Council at meetings of Learned 


Applicants should have editorial or managerial experience in medical/ 
scientific publishing. and a high regard for accuracy in the presentation 
of printed material. An educational background in the biological sciences 


would he useful. 


Initial salary is around £6.400 including London Weighting. rising by 
annual increments to £7,497. Annual leave is 22 days. There is an indes 
linked pension scheme which is non-contributory. 


For further details and an application form to be returned by January 
29. 1979, write or telephone quoting E/4 to: The British Council, 65 
Davies Street, London WIY 2AA, telephone 01-499 8011, extension 3041. 


8963(A) 
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MARY WADE 


UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF 
PHYSICS AND ASTRONOMY 


RESEARCH FELLOW 
and 
RESEARCH ASSISTANT 


posts are available for work with 
Professor A. Boksenberg, F.R.S., on 
observational extragalactic astronomy. 
The observations will be mainly in 
the optical range using the Anglo 
Australian Telescope and other tele- 
scopes, but with opportunity for ex- 
tension into the far ultraviolet using 
the International Ultraviolet Explorer 
satellite. The research work includes 
direct and spectroscopic observations 
of normal and active galaxies, QSOs 
and intergalactic matter with related 
speckle interferometry. The applicants 
must have proved interpretative ability 
in at least some of these areas. A 
background in theoretical astrophysics 
will be an advantage. 

Subject to satisfactory progress the 
appointment will be to September 30, 
1981, with salary according to experi- 
ence and age within the national salary 
scale for Research Assistants IA. 
£3,909 :о £6,317, plus £450 London 
Allowance. The Senior post will carry 
a salary in the upper part of this 


range and the Junior post in the 
lower part. 

Applications should be made to 
Professor A.  Boksenberg. F.R.S. 


Department of Physics and Astronomy, 
University College London, Gower 
Street, London WCIE 6BT. 

8951(A) 


THE UNIVERSITY OF 
ADELAIDE 


applications for appointment 
for three years as a: 
RESEARCH FELLOW 
(A.R.G.C.) X1905 
(Biological N.M.R. 
Spectroscopy) 
with Professor L. G. Paleg in the 
Department of Plant Physiology at the 
Waite Agricultural Research Institute, 
The project continues the exploration 
of aqueous hormone-membrane com- 
ponent interactions and requires à 
background of training and experience 
in FT-NMR. 

SALARY SCALE: $А15,179 to 
68101) to 6800 to $A17.220. An 
economy class airfare and a propor- 
tion of removal expenses will be pro- 
vided. Ir is expected that there will 
be provision for superannuation. 





invites 


APPLICATIONS, in duplicate. 
giving personal, education and pro- 
fessional details, and confidential 


letters of recommendation pertaining to 
this vosition from three referees, 
should reach the Registrar of the Uni- 


versity, G.P.O. Box 498, Adelaide, 
South Australia, 501 no later than 
January 12, 1979. 


8991(A) 


UNIVERSITY OF TORONTO 
SCARBOROUGH COLLEGE 
Canada 
Chemistry Group invites applications 
for ASSISTANT PROFESSOR, one- 
year limited term appointment avail- 
able July 1 or September 1, 1979. 
Docorate required with expertise in 
Physical Chemistry or Chemical 
Physics. Duties include undergraduate 
teaching and research, Send curricu- 
lum vitae and names of three referees 
to Chairman. Physical Sciences 
Division, Scarbarough College, West 

Hill, Ontario, Canada, MICIA4. 
9011(A) 





(WASHINGTON OFFICE) 
CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at his absolute discretion 
and without explanation. All advertisements must comply with the British Code of Advertising Practice. 
The Publishers will not be liable for any loss occasioned by the failure of any advertisement to appear from any cause whatever, nor do they accept liability for printers" 
ertors, although every care is taken to avoid mistakes. 
UK—£5.65 per s.c. centimetre. Minimum 3 cm. 50р is charged for the re-direction of replies to advertisements with a box number. 
USA and CANADA— $35.00 per inch. $3 is charged for the re-direction of replies to advertisements with a box number. 
Rest of world—£5.65 per s.c. centimetre. Minimum 3 cm. 50p is charged for re-direction of replies to advertisements with a box number. 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 
ADVERTISEMENTS SHOULD BE ADDRESSED TO: Classified Advertisement Dept., Nature, 3 Dyers Buildings, London, EC1N 2NR 

Telegrams: Phusis, London WC2R ЗЕЕ Telex: NATURE 262024. Washington Office, 711 National Press Building, Washington DC 20045 U.S.A. (202) 737-2355, 











(202) 737-2355 


JNIVERSITY OF 

NEWCASTLE UPON TYNE 
MICROBIOLOGICAL CHEMISTRY 

RESEARCH LABORATORY 
POSTDOCTORAL 
RESEARCH ASSOCIATE 

Applications are invited for the po 
of Postdoctoral Research Associate 1 
work on a project funded by tk 
Medical Research Council. The proje 
is concerned with the nature of th 
bacterial ceil surface and will invol 
a study of the effectis of varied wa 
composition on the ability of bacter 
to interact with a variety of surfac 
probes including bacteriophages, ant 
bodies and lectins, 

The salary is in range 
to £4,382 per annum) plus supe 
annuation benefits. Applications, H 
cluding a curriculum vitae and tł 
names and addresses of two refere 
should be sent to Dr A. К. Archibak 
Microbiological Chemistry — Researc 
Laboratory, University of Newcast 
upon Tyne, Newcastle upon Tyr 
NE! 7RU, from whom further info 
mation may be obtained. 8983(A) 

UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF 
MATHEMATICS 


Applications are invited for 
TWO LECTURESHIPS 


in Mathematics, Candidates may ha 
special interests in any branch of pu 
or applied mathematics. Salary sca 
£3,909 to £7,754 plus £450 Lond: 
Allowance. Applications, — includi: 
the names of two referees, should ! 
addressed to the Assistant Secreta 
(Personnel) (ND, University Colle 
London, Gower Street, London WC! 
6BT. from whom further partícula 
may be obtained. 8954(А) 


ST MARY'S HOSPITAL 
Praed Street, W.2 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER 
(QUALIFIED) 
is required in the Department 
Chemical Pathology to assist with 
research project. for three years, i 
volving the investigation of stero 
hormone receptors in buman tiss 
and radioimmunoassay. 
Salary scale £3.615 per annum risi 
to £5,034 per annum fully inclusive, 
Applications in writing givi 
details of previous experience plus t! 
names and addresses of two refere 
to the District Personnel Officer, 
Mary's Hospital, Praed Street, Lond 
w.2. 8972(A) 


ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

RESEARCH TECHNICIAN 

GRADE 4 

Experienced research technici 
required for last 18 months of 
M.R.C. ргојејсі to study the regu 
tion of initiation of protein synthe 
in cultured cells and cell-free svster 
B.Sc. or NHC or  eguivale 
familiarity with techniques 
molecular biology and/or tissue culti 
an advantage. Emoluments £3,230 
£3,317 per annum (under revie 
Application forms from the Establi 
ment Officer, St George's Hospi 
Medical School, Cranmer Terra 
London SW17 ORE, Closing d 
January 25, 1979. 8947(A 


lA (£3,88 
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Applications are invited from suitably qualified 
persons for the following positions. 


1. RESEARCH SCIENTIST (TERMITE RESEARCH 
PROGRAMME) REF: SCI/78/27 


Qualifications 

Ph.D. with 5 or more years of postdoctoral experie- 
nce in biological or physiological sciences and a 
demonstrable experience in research on the 
physiology of insect development. Training and 
experience in insect sensory physiology and 
behaviour, and evidence for excellence since 


doctorate training, will be a distinct advantage. 


Responsibilities: 

The successful candidate will carry out research 
on the physiology of caste differentiation among 
higher termites, with special reference to possible 


involvement of the endocrine and exocrine systems. 


POSTDOCTORAL RESEARCH FELLOW IN 
PLANT PHYSIOLOGY OR BIOCHEMISTRY 
(BASES OF PLANT RESISTANCE TO INSECT 
ATTACK). REF: SCI/78/28. 


Qualifications: 

Young postdoctoral scientists, newly graduated, 
whose experience is in plant physiology, plant 
biochemistry or relevant sciences. High-quality 
research for Ph.D. and evidence for excellence 


since doctorate work, will be a distinct advantage. 


Preference will be given to gifted young scientists 


from developing countries. 


Responsibilities: 

The successful candidate will carry out research 
in the field of plant physiology and biochemistry 
vital to plant/insect relationships. Willingness to 
collaborate with colleagues in cther disciplines, 
especially in insect sciences, wil! be of paramount 


importance. 


GENERAL INFORMATIONS FOR ALL 
POSITIONS: 


Salary: 


Negotiable and include attractive benefits. 


Applications giving detailed information on general 
education, professional qualifications, experience, 
marital status, age, present terms of employement 
(including salary) names and eddresses of four 
referees (including one personel), and photostat 
copies of relevant certificates and diplomas should 
be addressed to: 


Administrative Manager 
ЮРЕ. 

РО. BOX 30772, 
NAIROBI, KENYA. 


To reach him not later than 15th January 1979. 


B995(A) ү, 


NATURE CONSERVANCY COUNCIL 


Higher Scientific, Senior Scientific and 
Principal Scientific Officers 


SALARY SCALES 
Higher Scientific Officer 
Senior Scientific Officer 
Principal Scientific Officer 


£4,101 — £5,448 
£5,154 — £6,898 
£6,609 — £8,461 


Applications are invited for the following posts in the NCC 
Field Unit based in Scotland (Edinburgh) and the Chief 
Scientists Team based in England (Huntingdon). 


BACKGROUND 


(a) The functions of the FIELD UNIT is to develop a co-ordinated 
programme of survey and monitoring in SCOTLAND in 
conjunction with Country HQ, Regions and the Chief 
Scientist by carrying out appropriate survey and monitoring 
projects and to synthesise and interpret the results so as to 
facilitate maximum use of the information by all staff within 
the organisation. 

(b) THE CHIEF SCIENTISTS TEAM provides specialist scientific 
advice on all aspects of NCCs work and is responsible for the 
research programme. Members of the team are responsible for 
ensuring that appropriate research is carried out either by 
means of contracts placed with research organisations or by 
the team itself and other NCC staff. 


POSTS 


1. Field Unit Leader 


SCOTLAND (SSO) 


A biologist is required, with considerable experience of 
botanical ecological survey work. 


2. Coastal Ecologist 


SSO/PSO—CHIEF SCIENTIST TEAM 

Substantial knowledge of the flora and vegetation of coastal 
habitats and experience of associated conservation problems 
essential. 


3. Vertebrate 10010051 


(HSO)—CHIEF SCIENTIST TEAM 
Special experience with mammals needed. 


AGE AND QUALIFICATIONS 


All candidates should have a first or second class honours’ degree, 
or equivalent, in biology, botany, zoology, geology or geography. 


Higher Scientific Officer: Candidates should be under 30 years 
of age, and have at least two years relevant post-graduate experience. 


Senior Scientific Officer: Candidates must be at least 25 and 
under 32 years of age and have at least 4 years relevant post- 
graduate experience. 


Principal Scientific Officer: Candidates should normally be 
between 30 and 50 years of age. 

All posts will ential extensive travelling and possession of a current 
driving licence is essential. 


Application forms and further details are available from Recruitment 
Section, Nature Conservancy Council, Godwin House, George 
Street, Huntingdon, Cambs PE18 686 (Tel: 0480 56191). 
Closing date for completed application forms is February 2, 1979. 
Interviews will be held in March 1979. 

8952(A) 





UNIVERSITY OF SINGAPORE 
CHEMICAL ENGINEERING 
PROFESSORSHIP 


Applications are invited for appointment as Professor in the Depart- 
ment of Chemical Engineering. The successful candidate should have 
considerable teaching, industrial and administrative experience. Gross 


monthly emoluments in the range from $33,745 to 535,775 approx., the 
initial amount depending on the candidate's qualifications and experience. 
In addition, the University pays a 13th month annual allowance of one 
month's salary in December of each year. Leave, subsidised housing, 
medical and provident fund benefits are available. Candidates should 
write to: The Registrar, University of Singapore, Kent Ridge, Singapore 5, 
giving curriculum vitae (bio-data), with full personal particulars and 


also the names and addresses of three referees. 9023(A) 
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university of wales 


UNIVERSITY 
COLLEGE OF 
SWANSEA 


SENIOR RESEARCH 
ASSISTANT 
HIGH PERFORMANCE 

SEMI-CONDUCTOR OXIDES 

Senior Research Assistant is 
required for an S.R.C. grant in- 
vestigating chemical changes in 
semí-conducting oxides exposed to 
reducing environments, with the 
aim of developing gas detectors 
which will exhibit specificity to 
certain gases. Instrüments which 
incorporate these detectors will be 
designed within the Electrical 
Engineering Department. 

Applicants should have a good 
honours degree and preferably 
research experience in solid state 
chemistry or an immediately 
relevant subject. 

The appointment is for three 
years commencing аз soon as 
possible and the remuneration will 
be up to £4,382 per annum plus 
U.S.S./U.S.D.P.S. benefits. 


Prospective candidates may con- 
tact Dr K. J, Gallagher of the 
Chemistry Department for further 
particulars and application forms 
returned as soon as possible. 


SENIOR RESEARCH 
ASSISTANT/RESEARCH 
ASSISTANT 


Applications are invited from 
engineers/scientists for the post 
of Senior Research — Assistant/ 
Research Asistant in the Depart- 
ment of Chemical Engineering to 
work on a research programme 
supported by the Natural Environ- 
ment Research Council. The suc- 
cessful applicant will undertake 
work associated with the rheo- 
logical properties of cohesive sus- 
pensions occurring naturally in the 
marine environment. 

The appointment, which will be 
from the soonest date that can be 
arranged to March 31, 1980, will 
be on a scale up to £5,367 per 
annum, together with | U.S.S./ 
U.S.D.P.S. benefits. 

Closing date for applications, 
Wednesday, January 31, 1978. 

Further particulars and applica- 
tion forms for the above posts 
(two copies) may be obtained from 
the Personnel Officer, University 
College of Swansea, Singleton 
Park, Swansea SA2 8PP to whom 
they should be returned by the 
above date. 8994(A) 





UNIVERSITY COLLEGE 


CARDIFF 
DEPARTMENT OF 
BIOCHEMISTRY 


RESEARCH ASSISTANT 


Applications are invited for the 
posotion of RESEARCH ASSISTANT 
to work with Dr J. Kay on the regula- 
tion of a neutral, muscle protease by 
endogeneous inhibitors. Techniques 
will involve enzyme and inhibitor 
purification, affinity chromatography, 
antibody production, —radiolabelling, 
etc. 

The post is available for three years 
financed by a grant from the Science 
Research Council. The salary will be 
in the range: 3.384 to £3,883 (under 
review). Duties to commence as soon 
as possible. 

Candidates should have a good 
Honours Degree in biochemistry or a 
related subject and research experi- 
ence in protein chemistry/enzymology/ 
radioimmunoassay procedures would 
be an advantage. 

Applications (2 copies), including a 
curriculum vitae, together with the 
names and addresses of two referees, 
should be forwarded to the Vice- 
Principal (Administration) and 
Registrar, University College, Р.О. Box 
78. Cardiff CFI 1XL. Closing date, 
January 31, 1979. Please quote refer- 
ence 1668. 8961(A) 











UNIVERSITY OF LONDON 
INSTITUTE OF PSYCHIATRY 
RESEARCH ASSISTANT 


Applications are invited from recer 
graduates in pharmacology, bic 
chemistry or a related discipline, t 
undertake a behavioural and bic 
chemical investigation in rodents c 
the potential use of new drugs for th 
treatment of Parkinson's disease, 

The position, which is supported b 
the Medical Research Council, i 
tenable for one year in the firs 
instance, and may be renewed for u 
іо three years. 

Salary £3,214 to £3,684 per annur 
plus £450 London weighting. 

Applicants may visit the Departmen 
(Department of Neurology) (Professo 
Marsden and Dr Jenner) by prio 
noe i Phone: 01-703 5411 E» 

Application forms available from th 
Secretary, Institute of Psychiatry, D 
Crespigny Park, Denmark Hill, Londo 
SES 8AF. Phone: 01-703 5411 Ех 
228, quoting ref: CM/N. 8990(A) 


LINCOLN COLLEGE 
(University College of 
Agriculture) 
New Zealand 

CHAIR Or SOIL SCIENCE 

ihe Counci oF Lincoin toneg 
invites appocations lor appointment t 
ine above mentioned Chair, resuinn 
сот the impending reaürement of Pic 
fessor 1. W, Walker. И aos tk 
Councils desire to have the appoints 
take up dunes towards the end ог ive 
or eariy in 1980. 

The Chair in Soil Science is one t 
15 at the College and the Council 
anxious to fill the position with a 
appointee of high standing because « 
the significance of this Chair, not am 
to the College but also to New Zealan 
agriculture. 

Applicants should hold an advance 
degree in Science, Agricultural Scienc 
or Soil Science, have had research e 
perience in some branch of soil scien 
or soil resources, such as soil fertilit 
soil chemistry, soil physics, soil biolos 
and pedology, and have had some e 
perience in teaching, communicatic 
or extension. 

The successful applicant will 1! 
appointed as Head of Department ar 
will be responsible to the Colles 
Principal for the administration of tt 
Department. 

The appointment will be mac 
within the existing range of professori. 
salaries NZ$23,012. to $29,188 p 
annum, the commencing salary beir 
determined by the College Counci 
Academic salaries are at present und 
review. 

Expenses of appointment reimburse 
up to specified limits. New Zealar 
Government Superannuation is ava 
able. 

Further details and general Conc 
tions of Appointment are obtainab 
from the Secretary General, Associ 
tion of Commonwealth Universiti 
(Appts.), 36 Gordon Square, Lond: 
WCIH ОРЕ, or from the Registrar 
the College. 

Applications close on February 1 
979, 8950(A) 


UNIVERSITY OF 
NOTTINGHAM 


School of Agriculture 
DEPARTMENT OF 
PHYSIOLOGY AND 
ENVIRONMENTAL STUDIES 


Applications are invited for the px 
of Senior Demonstrator to assist k 
tures and demonstrators in Anin 
Physiology. Applicants should 
trained іп vertibrate physiology 
veterinary science and should pref 
ably have gained a Ph.D. Resear 
facilities in animal physiology i 
available. The post is for two yea 
salary on the scale £3,384 to ЁЗ 
per annum. 

Full curriculum vitae includ 
names and addresses of two refer 
should be sent to the Staff Appoi 
ments Officer, University of Notti 
ham, University Park, Nottingh 
NG7 2RD, quoting Ref. No. 649, 
later than January 21, 1979. Furt 
details may also be obtained from 
above address. 9003(A 
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For Major Development of Operations in Iran 
c $33,000 to c $37,000 pa nett 





OSCO - The Oil Service Company of Iran, 
(a consortium of 14 international oil 
companies) is engaged in a major 
programme of oil and gas production 
development in South West Iran on behalf 
of the National Iranian Oil Company. In 
order to accomplish this task we seek to 
strengthen our team of senior professionals 
by making the appointments detailed below. 


Initial contracts are for two years. 
Salaries, according to seniority and 
experience are paid in US dollars nett of 
Iranian income tax. Benefits include married 
or single status accommodation, free 
medical facilities, life insurance, educational 
assistance and a bonus on termination of 
contract. 


Project Leader-Reservoir Systems 
c $37,000 p.a. 


Responsible to the Head of Reservoir Systems, 
you will be leading a small team maintaining and 
developing reservoir simulation models in order 
to assist the engineers to determine optimum 
exploitation strategies. You will control computer 
time worth approximately $100,000 p.a. using 
IBM and CDC hardware and programmed in 
FORTRAN. (Ref F 581jN ) 


Senior Reservoir Engineer 
c $36,000 p.a. 


This is an important specialist appointment 
requiring advanced knowledge and originality in 
the application of reservoir analysis techniques, 
since the Iranian reservoirs presenta variety of 
unusual technical problems. Working largely on 
your own initiative, you will be responsible for 





conducting reservoir studies to establish and 
predict performance and behaviour under 
various producing conditions. (Ref F 440/N) 


Senior Petrophysicist-Methocs 
c $33,000 p.a. 


You will be responsible for determining from 
logs and format samples, the physical properties 
and fluid content of oil reservoirs. You will also 
play an active part in the training and guidance of 
well site and office personnel in the petrephysical 
implications related to their own functions. 

(Ref F 289; ) 


Senior Petroleum Engineers - 
Processing c $33,000 p.a. 

Who will be involved in the planning and 
review of present and future crude oil processing 
operations within OSCO. This will include 
forecasting the qualities of stabilized crude and 
Separation gasses under various conditions and 
the effects of blending crudes from various field 
or reservoirs. (Ref F 008jN ) 





Candidates for these specialist appointments 
will need to be graduates in appropriate 
disciplines - Petroleum Engineering, Chamical 
Engineering, Physics or Mathematics — aged 30 
or over and have had a minimum of eight years' 
professional experience in the oil and gas 
industry. 


Please write giving full details of your age, 
education, career history and salary progression 
to date, quoting appropriate reference number to: 
F. R. Wilcockson, Director, 

Whites Recruitment Limited, 
72 Fleet Street, London EC4Y Js. 


IRANIAN OIL SERVICES LTD. 


xi 





Basingstoke (0256) 68551 





Assistant Plant 
Pathologist 


The Agnouttural Sclence Service of ADAS provides farmors 
and growers with a wide range of vital technical information 
and advice which is supported by Investigation and develop- 
ment work carried out from 12 regional centres across the 
country. The assistant will join the Plant Pathology Department 
In Reading, where the work includes advisory, Tone 
statutory and promotional activities. Ţ 


The assistant plant pathologist appointed wil play be 
concemed’ with plant diseases caused by fungi, viruses dnd 
bacteria, and. also with plant diseases which cannot be 
attributed to known causes. The succeesful candidate will 
supervise the Ней investigational programme of the department. 
This will involve frequent field visite to layout experiments, - 
asecesing disease Incidence using disease ‘assossment keys 
and writing prellminary reports on the investigation. In addition, 
the assistant plant pathologist may be expected to supervise 
the laboratory examination of a wide range of samples and 
plant matorials derived from both advisory and Investigational 
activites and to liaise with farmers In sample collection, 
promotional activites and surveys. 


Candidates, normally aged at least 25 should have GCE 
passes or Grades A, В or C in English Language and four other 
Subjects, two of which must be in an appropriate scientific 
eubyect at ‘A’ level, or HND/HNC in plant pathology or applied 
biology or an equivalent qualification. At least b yeers relevant 
experience, preferably Including practical experíence of the 
plant pathological axamination of plant material, 
ability to organise and supervise staff is essential. Candidates 
must hold a full valid UK dming licence... 


Salary, starting at £4,125 rises to £6,205. 7 There аге promotion 
Prospects апа a non-contnbutory pension scheme doe 


For further detalis and an application form (to be retumed ` 
by 28 January, 1979) write to Civil! Service Commission, 
Alencon Link, Basingstoke, Hants RG21 1JB, or telephone 
(answenng service operates 
outside office hours). Please quote ref :'8/B5006: ` 


D 


and the 


8945(А) 


ОО МАРЕ: С 
AGRICULTURAL DEVELOPMENT . 
ADVISORY SERVICE 








UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 


dynamics systems 
in the These studies 
which ude rared, far-infrared, 
Raman and neutron os 


of molecular 

in the liquid phase would be an 
advantage. 

pc agg salary irda ана pe 
annum on Natonal Research Range 
1A pius superannuation, 


Applications (three ep ser Perri 
threo academic referees be sent 
Se 

Secretary Laboratorios 


onm Road, Dartam DHI 3LE 
SOKA): 


1979, to tbe а 
So 


“CLARENDON LABORATORY 


A Oxford А 
Synchrotron Radiation 
invited for. 


tei чо. и to Invent 
^with gate ete tes app 


Radiation to to RIDE 
The wock will involve the design and 


тосо at the resbury Laboratory 
appointee will be 

Ot to join in research into other 
types of xay crystallographic ox- 
‘at, and gerade 


synchrotron sources 
Applicants should have чета “in 
X-ray diffraction, instrumentation and 


Dr A M. Glerer, Clarendon Labore- 
тоту, акк» йо, Oxford OX! ЗРО, 
U.K., to whom references from two 
referces ‘should be sent directly. 
901XA) 


Nature Vol. 277 4 January 197 


-ALFRED HOSPITAL 
Melbourne, Australia 


ENDOCRINE SCIENTIST 
The Ewen Down Metabolic Unit 


at The Alfred Hospital,. Melbourne, 
which is amaid ДЕ Monash 


to conduct an 


The .position involves responsibility 
for a radicimmunossemy laboratory in 
research 


Mr to the А 
а рута 


Peeper? . dependent on 
Рос Rome d information send curri- 
culum vitae, ейп bibhoerspby and 


summary research to- 
gitar Sith Gainer of ffe reread ta 


Unit, Alfred 

Official applications should be for- 
warded to the Director 
Services, Alfred Hospital, 
Roed, Prahran, 3181, Victoria, 
Australia. .. 9018(A) 


UNIVERSITY OF OXFORD 
' E P. ABRAHAM 
PROFESORSHIP OF 


CLINICAL PATHOLOGY 


The electors intend to proceed to 
an electron to 
Profemorship of Chemical path 
with effect from October 1; 

* of the professor is at present 


copi), naming 
thres referses but without te&iimonial, 
shouki be received not iater than 
March 2$, d Bot the бк Ж, ' 
Univernty Offices n uars, 
Oxford ОХ! 2D, rrom goon further 
particulars may be t 2 

* 195XA) 


INSTITUTE OF Cancer Research 


(Sutton). A doctoral Sclientw із 
required to fill a that falls vecant 
on January 1, 1 in the Radiotherapy 


t involves the study of the 
effects of - radiation and 


enografts, 
use of tissue culture Кы 
amem ш 


f Руна fi en 
or an in period o Jay a 


to £5,129 per annum 
plus London Allowance of £450 per 
annum. Applications їп duplicate with 
the names о! ‘two refero to the 


5 Lo 
sw7 3NU, quoting ref 300/G/136 
8966(A) 


THE THE UNIVERSITY OF 
MANCHESTER 


* DEPARTMENT OF 

' BIOCHEMISTRY 

"POSTDOCTORAL 
RESEARCH ASSISTANT 

FOR THEORETICAL 

ANALYSIS OF DNA 

STRUCTURES > , 

invited” from 
those with 
Robson [п theoretical 
logues using potential function refine 
ment, ab інию quantum mechanics 
and solvent Monte Carlo 
A sound’ knowledge of FORTRAN b 
required for the adaptation of estab- 
lmhed . computer The 
appointment з from one to three 
years at an initial salary of up to 
£4,382 oer annum Superannuation 
including — curriculum 


and naming three referees, 
to Dr 


Department Biochemistry. 
University, Manchester M13 SPL 
ў : 9004А) 


the 





~ applications for 
techniques. ~ 





B Robson, 
The 






UNIVERSITY OF SUSSEX 
SCHOOL OF MATHEMATICAL 
AND PHYSICAL SCIENCES 


POSTDOCTORAL 
RESEARCH FELLOW 


Appleations are invited for a 
Postdoctoral Research Fellow in 
the fled of Low Temperature 
Sold State Physics The successful 
apphcant will join а smali research 
team, which w sponsored by the 
$.R.C апі Шш concerned with 
experimental studios of many-body 
quantum 





years, 
£3,883 to £6,555 per annum (under 
rmew); _wi superannuation 


tons to: The Chairman 
ot ignas, рос, School of Mather 





Avon Area Health Authority (T) 
Southmead Health District 


' SOUTHMEAD HOSPITAL 


BRISTOL 


Applications are invited for 
a post of 


BASIC GRADE 


Appucation forms from Dis 
aaa Personnel. Officer, South 
mead Hospital, Brutol В510 SNE 
(Te! Bristol (0272) 505050, Ext 
62) and shouki be returned by 
January 3i, 1979 
SE further 
J. .B. Holton. (0272) 
52, or Dr D J Goldie (Ext 

D should be contacted. 





FACULTY POSITIONS— 
BIOCHEMISTRY 


Several tenure-track pomtions а! 
level to be determined by qualificati 
are open in the Biochemistry Dep 
ment, School of Medicine, at tha. t 


any of tbe following research ar 
Culture, genetica, and differentiak 

f oukaryote cells; cell surface iu 
actions; mammalian gooo (гапа 
However, we will consider оса 
candidates nels of  resee 
interests 

Excellence in teaching m охрес 
Send curriculum vitac, tbe names 
three references, and an outline of 
search plan, by March 15, 1979 


of North 


‘attracting  ectswanding wemen am 


mimority sclentists (о this departus 
Equal Doeottun it Adr уча Ac 
Employer 8970: 





UNIVERSITY OF ТОКОМ 
SCARBOROUGH COLLE® 
Canada 


Computer Scwnce Group in 
tenure at 
ANT PROFESSOR. arp 
ment, available July 1, 1979 

Computer Science essential with 
ference givea to areas of data b 


comput graphen, — program 
ase, or operating зу 
Duties include undergraduate 


Sciences Division, zh 
West НІП, Ontario, Ce 
1С1А4. ‚19010 
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PHYSICISTS 


Department of Applied Science 
King Abdulaziz University 
Jeddah, Saudi Arabia 


Physicists of all ranks are required to work in the Department 


of Applied Science at the King Abdulaziz University in Jeddah, 


Saudi Arabia. 


We are offering attractive salaries and furnished housing 
accommodation as well as two months annual leave for the 
successful candidates and their families (maximum 4) with 


round trip air travel paid for. 


Please send your application by air mail enclosing three 


letters of reference to: 


Dr. Mohammed M. O. Jamjoom, 
Dean of Engineering—Kaau, 
P.O. Box 1540, Jeddah, Saudi Arabia 


























ORGANIC CHEMIST— 
MASS SPECTROSCOPIST 


А postdoctoral research fellow 


is needed for one year to be in charge of our new mass spectro- 
meter/data (MS 50/Stereo DS50SM/DSSOS) system and to 
supervise our technical assistant. 








The work offers interesting structural, analytical and bio- 
chemical problems mainly in the natural product field and is 
conducted in collaboration with several organic research 

E chemusts. It involves predominantly application of capillary 
column GC—high resolution MS in the EI and CI modes as 

| well as ion structural studies. | 

1 

! 


‘Applications are invited from candidates with relevant 
experience in the fields of organic chemistry and mass 
spectrometry. 


The annual salary is about £9,000 and assistance will be 
given with relocation expenses and in obtaining accom- 
modation. 


Please write to Professor C. R. Enzell, Chemical Research 
Department, Swedish Tobacco Co., Box 17007, 8-104 62 
Stockholm, Sweden, enclosing a brief curriculum vitae and 


references, before January 31, 1979. 
8974(A) 


Portamouth Polytechnic 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 


RESEARCH ASSISTANT 


work on growth in 
molluscs should bave 
a lst or 2nd class degree 


expect 
M.Ph (C.N 
T scale. £2,589 to £2,643 


annum. 
anon forms and further 
the Staff Officer, 
Pero P Polytechnic, енй 
Museum Roed, 


eat POI 200, to whom pos 

pleted applicahons should be 

returned by Талпагу 18, ДЕҢ 
8973(A) 


UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
‘BOTANY 
Mineral Industries Research 
Organisation Research Project 
SENIOR RESEARCH 


ASSISTANT 


Applications are invited for опе 
post of Senior Research Assistant to 
develop guidelines for the mineral 
extraction industry for the ostab}rab- 

motallif 


further particulars may be o 
Quote Ref: RV/435/N. 9000А) 


9014(А) 





COMMONWEALTH 
AGRICULTURAL 
BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION 
OFFICER 
at the 
Commonwealth Bureau of 
Horticulture and 
Plantation Crops 
East Malling Research Station 
Nr Maidstone, Kent 
Duties Propering abstracts in Eng- 


га the scale 839 to 
estab, pia a oompensatory 

bot not карегишпра е) 
salary to 


3 per cent of Бекс nt 
ronal contribution - 


Closing 
January 29, 1979. 


BEHAVIORAL PHYSIOLOGY 


The ent of Biology, Umer- 
cago, invites applications 


tti | 


Research Fellow 


Victorian Branch 


Applications are invited from Bicehariatiy 
Graduates for the above position, which 
is the senior non-medical appointment in, 
the Biochemistry Department, 
Repatnation General Hospital, Heidelberg, 
Victoria The Hospital, of 550 beds, isa 
teaching Hospital of the University of 
Melbourne, and is situated in a pleasant 
21 hectares setting in the northern 
residential suburbs of Melboume;the . 
Department is modem, spacious and well 
equipped The successful candidate will 
beresponsible to the Senior Specialist, 
Biochemistry for all aspects ofthe 
Hospital's routine clinical chemistry 
Support staff comprises 14 Graduate and 
Technical personnal including two 

Class 2 Biochemists (Senior Biochemist 
equivalent), plus Trainees. 

Further information may be obtained from 
DrJ. Green, Senior Specialist, Bio- 
chemistry, Repatriation General Hospital, 
Heidelberg, Victona, 3081, Australia. 


Salary 
$A17,116 to $A18,910. 
At present rate of exchange, £1 = $A1.71 


I 
г 


Ф 
ca 


/ yA 
ee ц KW 


in Microbiology 


The Pharmaceuticals Division of IC Ltd wishes to appoint a 
Research Fellow for a penod of two years to study the 
adhesion of micro-organisms to epithelial surfaces. This 
work will form part of the Division's overall programme of 
research in infectious disease embracing viral, bactenal 


and fungal infections. 


Applications areinvited from people with research 
expenence in microbial biochemistry, general microbiology 
or cell biology with a particular interest in the interaction 


between prokaryotes and eukaryotes. 


Our modem research laboratones are situated in pleasant 


ASNNNNNNNSNNNNNNNNNNNNNNN 


Biochemist (class 3) 


Australian Department of Veterans Affairs 


Qualifications 

An appropriate degree or diploma in 
Science or equivalent qualification Wide 
expenence in clinical chemistry, anda 
higher qualification in either clinical 
chemistry or biochemistry desirable 


Conditions 

Four weeks annual recreation leave 
Cumulative sick leave Participation in the 
Australian Government Retirement 
Benefits Scheme Three months long 
service leave after 10 years service Fares 
to Melbourne for the appointee and 

family and an allowance until permanently 
housed may be paid 


Application 

Wntten applications, giving full details of 

qualifications and expenence and listing 

20r3refereesshould be forwarded to 
The Medical Superintendent, 
Repatriation General Hospital, 


ОРОГ 
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SIR WILLIAM DUNN ` 
SCHOOL OF PATHOLOGY 
RESEARCH ASSISTANT 
(Grade 1A— 

Salary £3,383 to £6,555) 


Applications are invited for a 
Research Assutant, supported by the 
earch Cam 


Applications, in wn 
' wit the names n aie oe of 


two referocs, to io Administrator 

Sr Wiliam Dunn School of Patho- 
lost South Parks Road, OXI 
3 ) 


UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF 
CANCER STUDIES 
A posidoctoral Research Fellow is 
required to join a team of scientisis 
studying the proteins of normal and 
transformed cells The project will be 
of three years duration and the rucoess- 
ful candidate will be expected to have 
& good bioch background and 
a working knowledgs of protein 
separation techniques Salary will bo 
in the range £3,883 to £6,555 
Be eq n giving a full 
E at at copy of the 
der PhD thesis d the 
names academic erocs, 
should ч gene to Professor ds G 
Harden, Department of Cancer 
Studies, "Medical School, University of 


Banksia Street, Birmingham B15 2TJ 8968(A) 
HEIDELBERG VIC 3081 
AUSTRALIA 
by 27th January, 1979 8968(А) LECTURER IN 
^ ' INORGANIC CHEMISTRY 
м p- M Applcations are invited from candi- 
S, dates of either sex for a pos of 


M 


cerned with the wood 


reapieed Duties will 


puters 


14, 1979 to — The 


tropical pines, for whic 
available until March 31 
A mmimum of two ‘A’ levels (or 
equivalent) їп appropriate subjects 18° 
inchide cutting 
preparing wood samples, X-ray 
photography and the use of 


qualifica- 
naming -two 


Appheations giving ago, 
tions and and 
referees should be sent before January 
Administrator, 


SESS 


UNIVERSITY OF OXFORD 
DEPARTMENT OF FORESTRY 
COMMONWEALTH 
FORESTRY INSTITUTE 
TECHNICIAN Grade IV 
£2,955 to £3,402 (under review) 


A vacancy exmis for a technician 
to аман with a research project con- 


1930. 


Common Forestry Institute, 
South Parks Roed, Oxford OX! IRB and (2) gone regulation or develop 
© 9022(А) mental and 





соне of me University of Man- 
and excellent analytical, 
spectronope ien synthesis services for 


EHE will be according to age ande 
experience on the 
£7,154 The appointment was bogin 
as soon as possible. 
tion forms and‘ further par 
can be obtained from the 
Registrar, UMIST., P.O Box 88, 
Manchester M60 IQD, or from the 
Head of Department, Profemor P. G 
Ashmore, and should be returned Бу 
February 28, 1979 at the latest. 
8939(A) 





‘ASSISTANT PROFESSOR 
AND 


ASSOCIATE PROFESSOR 


In areas of (1) human pistia 
biochemical . 


com- 


surroundings but within easy reach of main road and rail 
routes. Condrtions of service and salary are excellent for 
this particular posrtion. 


Please wnte giving details of qualifications and expenence 


to: . 
Mr MF Losse Personnel Officer 
ICI Ltd 
Pharmaceuticals Division  , 
Mereside Research Laboratories 
Alderley Park 
Macclesfield Cheshire 


9008(A) 








aa ime ai h re 1 oach 
UNIVERSITY LAS °Full t tions that involve t 
SEHE OF е tig: dad independent гаас и 
cu um 1 y to 
, CHEMISTRY Dr ‘Stanley N Cohen, Chairman 
POSTDOCTORAL Department of Genetics 
RESEAR : Stanford University Medical Center 
CH Stanford, California 94305. 


Applications aro invited for a 
Postdoctoral Research Assistant to 
investigate substitation and iF ex- 
change reactions of uranium and 
uranium fluorides in co 


ported a the SRC: is tenable for 


three пш available from 
March 1979 “Stati salary (IA 
Scale) m the ,883 to £4,382 


per annum plus US USS 

Applications, with the names of 
two referees, shouki:be tent аз soon 
as possible is Ж J М Winfiek, 
Department v University 
of Glasgow, cere G12 8QQ, from 
whom further particulars may be 
obtained. 


In reply please quote Ref. No 
4344M. 9002(A) 


opportunity employer and we welcom: 

nominations of and applications frdb 

women and minority group members 
9042(А) 





UNIVERSITY OF READING 
PROFESSORSHIP OF 


SOIL SCIENCE 
Applications will be sought, p 
Fobruary/March 1979, Pro 
fessorship of Soli Science. Persons vhi 
would be interested in receiving fur 
ther particulars when th aro reed 
are iahon to yeo to x Ri zt 
214, it ts House), 
tte a 
RGS 8942(A) 
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THE CITY UNIVERSITY 
POSTDOCTORAL 
RESEARCH POSTS IN 
ORGANIC CHEMISTRY 


Applications are invited for the 
following posts of 5 К.С Pog- 
doctoral Research Assistant with 
Dr S, А Matin. 

(a) A post tenable for a penod 
of two years, on the ummobiltation 
of organo-in complexes on m- 
organic supports and studies of 
their applications to the catalytic 
reduction of organic co 

(b) A post tenable for a period 
of two yoars, on the syntheses of 


mobilimtion oa silica, 
enantlormerio resolutions 


ROTHAMSTED 
EXPERIMENTAL STATION 


HARPENDEN, HERTS ALS 2JQ 
SCIENTIFIC OFFICER 


required for Field ади 
icipation 


tion Duties include 
. the work of the Section, such as 
oparation and — editing publicity 
atenal describmg the general agr- 
dtural work of the Station, con- 


ro or 
uivalent qualification plus familiarity 
th agriculture Driving licence 
»ntial, 
Appointment is e of Scientific 
Ticer (£2,839 to £4,415) with start voies 
dary according to “qualifications 
penence Non-contrbutory super- 
auation 
Apply m prune to the Secretary, 
nag iames aig 
feroces, е 
nuary 31, gts Еш з аке details оп 
9021(А) 





UNIVERSITY COLLEGE 
LONDON 
DEPARTMENT OF 
BIOCHEMISTRY 
POSTDOCTORAL 


RESEARCH ASSISTANT 
To work with Profemor P Н 


Applications giving details of quah- 
auon and the names of two 
erec should be sent as soon as 
mblo to Profemor P Н Clarke, 
partment of Biochemistry, Univer- 
y College London, Gower 

ndon CIE 6BT 8949(A) | 





“UNIVERSITY OF BRISTOL 
SEPARTMENT OF PATHOLOGY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Appheations are invited from bio- 
пса! scientists with interests in 


ology, cell bio or immunology. 
© succoemiul app wil join a 
m investigating — iympbocyte-virus 


eractions during EB virus infection 
viro The appointment wil] be for 
e year in t first instanco with 
с powubilty of annual renewal 
10, in writing, giving the names 
of two referees to Pro- 





OVERSEAS 


DEVELOPMENT 


KNOW-HOW: vital to developing countries 


Seed Technologist 


Sultably experienced specialist in seed production techniques and seed certrfica- 
tion Is required to undertake an assignment as Head of the Seed Technology Unit 
of the Ministry of Agnculture and Natura! Resources The Unit is responsible for 
the quality control of all certfied seed produced in Malawi, and is expected to 
work In close association with the newly formed National Seed Company Based 
at Chitedze Research Statlon, outside the capital Lilongwe, the Unit incorporates 
а laboratory fully equipped to international standards and is a member of the 
Intemational Seed Testing Association. The Unit currently has a staff complement 
of ten. Staff training, the seed Inspectorate In particular, will be an important 
function of the assignment. The post requires good training capabliity, expenence 
of research and of developing countries also desirable Background knowledge 
of tropical cereals and pastures and tobacco an advantage 


Malawi 


Appointment 24 years. Salary (UK taxable) in range £6,300-£9,700 pa, plus 
tax free overseas allowance in range £1,225-£2,636 pa (Ref 331X). 


The post is wholly financed by the British Government under Britain's 
programme of ald to the developing countries. in addition to basic salary 
and overseas allowances other benefits normally include paid leave, 
free family passages, children’s education allowances and holiday 
visits, free accommodation and medical attention. Applicants should be 
citizens of the United Kingdom. 


For full details and application form please apply, quoting reference 
stating post concerned, and giving datails of age. qualifications and 


experience to:— 


Appointments Officer, 


8962(A) 


MINISTRY OF OVERSEAS DEVELOPMENT, 


Room 301, Eland House, 
Stag Place, London SWIE 5DH. 


ODM HELPING NATIONS HELP THEMSELVES 


UMIST 
RESEARCH ASSISTANT IN 


CHEMICAL PHYSICS 


A Rosoarch Asistant, preferably 
postdoctoral, ш required io belp with 
calculations in molecular quantum 
mechanics, including studies of unusual 
configurations of smal! molecules and 
of a new method of electron popula- 
tion analysis Previous, experience in 
quantum chemistry and computation 
would be an advantage Salary in the 
Seales for Research and Analogous 
Se d up to £4,382 acoording to age 

experience Tho appointment 
oua de Sere. ME 
extension for a third year 


Enquines and a ere to Pro- 
лалы р Jj. Crusckshank, 

emistry ереше, UMLS.T, 
Manchestor 1 


QD by MUS 31, 


ANALYST TECHNICIAN 
(Grade 6) 


required for Department of Geology, 
University of Reading Preference 
given to applicants experienced in wot 
chemical methods for silcate analysis, 
but those with substantial experience 
in general inorganic analysis by atomic 
ton and Auto Analyser tech- 
niques also considered Salary accord- 
ing to era and experience in 
E to £4,365 per annum 

C er review) Further details under 
Ref. TN 79А from Assistant Bursar 
(Personnel, University of Reading, 
Whiteknights, Reading RG6 2AH, to 
whom applications should be sent to 
arrrve not later than January 26, 1979. 

B941(A) 


1979 at latest. 








MEDICAL RESEARCH 


. COUNCIL 
UNIT ON THE EXPERIMENTAL 
PATHOLOGY OF SKIN 


BIOCHEMIST , 


required to work on the protein and 
glycoprotein components of DS 
pathological epidermal cells. 
Applicants have a Ph.D and 
а practical knowledge of oe! frao- 
tronation techniques ras membrane 


according to agt 
and qualifications 

Applications, with the names of two 
referees, should be sent to the Direc- 
tor, MRC a on Experimental 
Pathology of kin, The Medical 
School, пана BIS 7Т]. 
8985(A) 





POSTDOCTORATE OR 
RESEARCH ASSOCIATE 


IN FISH ECOLOGY 


рр пова are solicited from indi- 
vidu with experte in fish ecology 
or closely, related fiekis Marine and/ 
or larval fish experience desirable but 
not essential Succemsíu] applicant will 
coordinate study of interspecific inter- 
actions among larval fishes in the St 
Lawrence ostuary. Tenure up to three 


Forward curriculum vitae and 
two letters of reference by February 
15, 1979 tor 

Dr W C. B - 
ment, МсОШ Univernty, 1205 Mo- 
Gregor Avenue, Montreal, i 


WELSH NATIONAL 
SCHOOL OF MEDICINE 
(Univermty of Wales) 


DEPARTMENT OF 
HAEMATOLOGY 


Ag te in 

аррошп at eae nak were of 
t or an init 

three years to develop techniques 

of culturmg differentiating human 


be to esiabliah factors influencun 
podes id iron metabolism 


Salary within the rango £3,394 
to £6,555 (under review) for 
Unt Roscarch and Anao- 

, Starting point depen- 
font upon age and qualrficatrons 


lcatlons, which should take 
the form of a brief pue 


the Registrar and 
Secretary, Welsh National School 
of Medicine, Heath Park, Cardiff 
CF4 4XN (quot ref No 
H24/1) by January 


be sent to 


Jacoba Web Ho 0222/155944, ext. 


9016A) 
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S Spar man of Health and 
NS ocial Security 


Pharmacists/ 
Chemists 


The British Pharmacopoeia Commission is 
responsible for all standards published in Britain 


m for substances and articles used in human and 
SS veterinary medicine. The pharmaceutical tests and 
\ methods of analysis included in their publications, 
\\ have largely been evolved in the Pharmacopoeia 


Laboratory, which is equipped for a range of 
X spectroscopy, chromatography, classical analysis 
SS and physical testing. 

As a member Of a team of scientists, located in 





NSN Canons Park, Middlesex, the  pharmacists/ 
Ñ chemists appointed will critically examine pro- 
\\ posed specifications for medical substances, and 
\\ prepare reports for submission to the appropriate 


committee; maintain quality control measures for 
medical chemical reference substances used in 
assays and tests of the British Pharmacopoeia and 
assist in the development of suitable analytical 
methods for routine control of pharmaceuticals. 
Candidates, normally aged under 27, should 
already have a good honours degree in chemistry 
or pharmacy or closely related discipline. Relevant 
experience is highly desirable, although the job 
would suit a recently qualified scientist with some 
experience of laboratory techniques. 

Appointment as Scientific Officer (£3110-£4690) 
with starting salary according to qualifications and 
experience. Promotion prospects. Non-contribu- 
tory pension scheme. 

For further details and an application form (to be 
retuzned by 26 January 1979) write to Civil 
Service Commission, Alencon Link, Basingstoke, 
Hants RG21 1]B, or telephone Basingstoke (0256) 
68551 (answering service operates outside office 
hours). Please quote ref : SB(13/ KD. 


22 ЛЛ С РГР 
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NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


DIRECTOR 


Institute of 
Geological Sciences 


Applications are invited for the post of Director of the Institute 
of Geological Sciences, which will become vacant in May 1979 
on the retirement of the present Director. The Institute is a 
constituent body of the Natural Environment Research Council. 


it is the primary geological research and advisory body in the 
United Kingdom, its research covering the earth sciences, 
including palaeontology, petrography, geophysics, hydro- 
geology and geochemistry. A considerable proportion of the 
Institute's work (over 8096 currently) is funded by commissions 
from Government Departments, the EEC and other organisations; 
work is also carried out for overseas governments and as 
technical assistance through the Ministry of Overseas 
Development. 


The Institute is in the process of moving many of its functions 
and staff to a site at Keyworth near Nottingham, where about 
650 staff will eventually be based. One of the main concerns 
for the new Director will be to bring this operation to completion 
over the next few years and he will establish the Directorate at 
Keyworth at a suitable time. 


The post calls for a geologist of international reputation with a 
successful record of administration of research and the ability 
to provide leadership to this large research organisation, which 
at present has over 1,700 staff. 
The post is graded at Under Secretary with a salary from April 1 
1979 of £14,714 rising to £16,000 on April 1, 1980. There is a 
non-contributory superannuation scheme. 
Application forms are available from Mr. F. S. Rosier, Natural 
Environment Research Council, Establishments Division, 
Polaris House, North Star Avenue, Swindon SN2 1EU 
(telephone 0793-40101) and should be returned by February 9, 
1979. 

9035(A) 


UNIVERSITY OF GLASGOW 
MECHAN CHAIR OF 


MSS BONS SS SS 
SS SS 
POSTDOCTORAL 
BIO-ORGANIC 


Isolation and characterisation of 
s-linked aromatic peptides, Modi- 
fication, sequence and biosynthesis of 
bridges and adjacent residues, Send 
C. V. and two references to: Dr Н. 
Lipke, Biology Department, University 








of Massachusetts-Boston, Drochester, 
MA 02125. An E.O./A.A. employer. 
8975(А) 





FACULTY POSITION IN 
EXPERIMENTAL 
ASTROPHYSICS 


The Department of Physics and 
Astronomy at Northwestern University 
invites applications for an Assistant 
Professorship available for September, 
1979, This is tenure-track position with 
an initial appointment for three years. 
We are seeking a candidate with re- 
search experience іп observational/ 
experimental astrophysics, and a strong 
commitment for teaching both 
astronomy and physics courses. 
Applications should include a full 
résumé and the names of at least three 
references whom can be contacted for 
letters of recommendation, Please send 
all applications to: Astrophysics Search 
Committee, Department of Physics and 
Astronomy, Northwestern University, 
Evanston, IL 60201. The closing date 
for applications will be March 1, 1979. 
Northwestern University is an equal- 
opportunity/affirmative action employer 
and welcomes applications from women 
and members of minority groups. 

8978(A) 


_ 





Gr 


Civit SERVICE \ 


AC 


ASSISTANT PROFESSOR OF 





ANALYTICAL CHEMISTRY 
—1ienure track, fall 1979. Send 


curriculum vitae with a 250-word out- 
line of your research interests. and 
request 3 letters of recommendation, to 
Dr D. H. Freeman (Chairman, Search 
Committee), Departmert of Chemistry, 
University of Maryland, College Park, 
MD 20742 U.S.A. E.O./A.A.E. 
8968(A) 


THE UNIVERSITY OF 
MANCHESTER 
FACULTY OF MEDICINE 
VETERINARY OFFICER 


A veterinary graduate with experi- 
ence in the care and use of laboratory 
animals is required to manage experi- 
mental animal facilities for the 
Faculty. These will comprise the 
animal floor of the New Medical 
School building, extending to about 
36,300 sq. feet and an outstation for 
larger animals and for certain breed- 
ing operations. In addition there are 
separate University-supervised animal 
facilities at the University Hospital of 
South Manchester and Hope Hospital, 
Salford, for which the veterinary 
officer will be responsible. These faci- 
lities cater for all the requirements in 
the Faculty, including clinical depart- 
ments. The appointee will be encour- 
aged to pursue his or her own 
research, 

Salary range per annum: £7,508 to 
£9,263. Superannuation, 

Particulars and application forms 
(returnable by January 15) from the 
Regisrar, The University, Manchester 
MI3 9PL. Quote reference 276/78/N. 

7 BERILA) 








AERONAUTICS AND 
FLUID MECHANICS 


Applications are invited for the 
Mechan Chair of Aeronautics and 
Fluid Mechanics. 

Candidates shouid have had experi- 
ence in research, development or 
design concerned with aircraft or 
missiles, or their related propulsion, 
control or navigation systems. 

Further particulars may be obtained 
from the Secretary of the University 
Court (Room ID, University of 
Glasgow, Glasgow G12 8QQ. with 
whom applications (15 copies, or in 
the case of overseas applicants, one 
copy}, together with the names and 
addresses of three referees, should be 
lodged on or before February 15, 1979. 

In reply please quote Ref. No. 
4336M. 8943(A) 





UNIVERSITY OF GLASGOW 
JAMES WATT CHAIR OF 
MECHANICAL 
ENGINEERING 
Applications are invited for the 
James Watt Chair of Mechanical 

Engineering. 

Candidates should have had experi- 
ence in research, development or | 
design concerned with Engineering 
Thermodynamics and Heat Transfer 
and its relation to Fluid Mechanics. 
This experience could have been in 
the mechanical, chemical or process 
engineering fields. 

Further particulars may be obtained 
from the Secretary of the University 
Court (Room 18) University of 
Glasgow. Glasgow С12 $8QQ. with 
whom applications (15 copies, or in 
the case of overseas applicants, one 
copy), together with the names and 
addresses of three referees, should be 
lodged on or before February 28, 1979, | 

In reply please quote Ref. No. | 
4337M. 8944(A) i 








AARHUS UNIVERSITY 
(DENMARK) 

A position as lektor (associate 
proiessor with tenure or assistant 
professor according to qualifica- 
tionsy will be cant at the Depart- 
ment of Molecular Biology, Aarhus 
University, Denmark, from June 
1, 1979. 

A molecular biologist is wanted 
for the position to work in the 
field of regulation of expressior 
of essential genes in E. coll. 

Present permanent staff in the 
group are Kirsten Gausing, Pou 
Jørgensen and Niels Ole 
Kjeldgaard. 

The successful applicant must 
on equal terms with the othe 
members of the group, share the 
teaching responsibilities —- from 
first-year level to supervision 0: 
graduate and postgraduate students 
It is expected that the successfu 
applicant eventually will be able 
to teach in Danish. 

Applications containing curricu 
lum vitae, information on scientific 
and educational activities, a lisi 





of publications plus — wherevei 
possible 3 copies of publisher 
material, and any additional in 
formation relevant for the evalu 
ation of the applicant's scientific 
and educational qualification: 
should be sent to the Faculty o: 


Science, Aarhus University, Ndr 
Ringgade 1, DK-8000 Arhus C 
Denmark before February 15, 1979 
The report of the evaluation com 
mittee will be sent to all applicants 

Further information as regard 
salary etc. can be obtained from 
the Department of Molecula: 
Biology, Aarhus University, Uni 
versitetsparken, DK-8000 Arhus C 
Denmark. 8992(A) 
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UNIVERSITY OF BRISTOL 
Applications are invited 


s4 





RESEARCH ASSIST 2 / - GRADE 5 Applications are. Invited for the following posts which have ansen from 
ASSOCIATE Hos гаеп ы лан One (9 the recent formation of a Nutriton and Food Quality Division. 
‚ Within the Department of Anai- | work with Solid State Physics Group. 
omy. The pow. В eens for сар о. Main responsibilities and toig i PHYSIOLOGIST 
jon Profesor B T. Pickering’s group паш espe dona iai pd с . Nutrient Interactions Group 
studying the b thesis, ultrancu- поп of samples. Preference АЯ (Senlor Sclentifio Officer/Principal Scientific 
repa pepe Aena | ра, atte tor паразе Officer Grade) 
sho have: some experience: Df E and eryotonic techniques. First or Upper Second Class Honours degree In Physiology 
biochemical, , - The second пой to with at least f years’ rel t postg 
eiiis Mon aon of work ташу for Iri Ree aoe ` including dus do eina ее 
either a Ph.D. br a medical quali- Preference will be pven to applicants Ph D. Quote ref: 77/3. 
fieation. with experience in‘ spectroscopy or i 
us Bar be on кюр soe growing and preparation tech- (2) NUTRITIONIST 
to under review Өз О Nutrient Interactions Grou 
1 salary for both posts n on scale p 
appearing ouinoulum viae | £3,651 per annum (uchustve) (under (Higher Sclentific Officer/Senlor Sclentific 
thould be sent to the Ropsirar and и шво Comamutoee pension Officer Grade) | 
Senate bue Briol BS8 ITH before press Ари! сасе writ a ae First or Upper Second Class Honours degree in Nutrition or 
January 31, 1979 (Quoting ref TLJ) i cad London, Physology/Nutinon with at least 2 years’ post-graduate 
EBAY Ni" Kugel Heer 903€A) Н сате nutritional studies with small animals. 
ne | —————————————— uote ref : Ч 
-| THE MIDDLESEX HOSPITAL 
KING’S COLLEGE HOSPITAL MEDICAL SCHOOL (3) ASSISTANT NUTRITIONIST 
i MEDICAL SCHOOL (University of London) Nutrient interactions Group 
(University ‘of London) SCHOOL OF PATHOLOGY (Sclentific Officer Grade) 
' Deumark 
London SES SEX RESEARCH IN CHEMICAL Dogra or HNC, HND or equivalent quafication In nutmuon or 
POSTDOCTORAL CARCINOGENESIS ж А 
RESEARCH FELLOW Applications are invited from recent (4) NUTRITIONIST 
b graduates for the post of Research 
aro invited for the | Aggstant to work on the mechanum Nutritional Composition Group. 
above рон, which will be bo egens by of Malignant rci irae оргаш (Higher Sclentific Officer/Sentor Solentific 
Campaign- to Dr. Norman. - E rA mre used extensively in this Officer Grade) 
V ihe praec will involvo tho шә of жо. А. ween on abierat Blos First or Upper Second Class Honours degree In Nutrition or 
fn vitzo* 1g vestigation of: пиегаспошз | log) would be advantageous us The рош, closaly related subject with at least 2 уот P 
between steroids and other drugs used | funded by the Cancer Research expetdence in connection with the analysis of fo Or aseess-, 
ш thé treatment of leukaemia paign, i» avatlable immediately, and ment or ther nutntlonal value. Quote ref. 77/8. 
The intment will be' Тог CASS P EET M genable up to DESE per Е 
" a E 
Er pm e el pesa ешш, ius mend болоп Aleras, || (5) ANIMAL TECHNICIAN 
ma ppliatons including a um 
obtained f the Secretary of the the f two referoos 
Medical School to whom applications, TAS MM P. Roscoe, (N) The Middie- (Solentific Officer Grade) 
таюу а x tis nd юк Hosptial Medical School; School Associateship of the institute of Animal Techniciens or 
by January 31, 1979. 98А) | London WIP TLD 903A) ie Oat nar years! post-qualifying 
; ' THE MIDDLESEX HOSPITAL 
TECHNICIAN (Grade 4): required in Salary Scales: 


UNIVERSITY OF LONDON 
KING'S COLLEGE . . 
RESEARCH TECHNICIANS 





MEDICAL SCHOOL 





AGRICULTÜRAL RESEARCH COUNCIL 
FOOD RESEARCH INSTITUTE 


Department of Agriculture and Horti- Principal Solentific Officer £6,809 — £8,461 
culture, University of Readmg, ‘to SUB-DEPARTMENT OF Senior Sclentific Officer £5,154 — £6,898 
Fork (on praycts, supported by the | . MOLECULAR BIOPHYSICS Higher Sclentifio Officer . £4,101 — £6,448 
Pcie came еа RESEARCH ASSISTANT Solentific Officer 22.839 — £4,416 


invited for the 


Appbcabone are 
World 


above financed by tbe 


Non-contnbutory' superannuation СЕИ вї age 18 years and over. 


1 Й work | Hoalth ES паб, to wórk on pep- Еме day week and flexible working hours scheme operated 
{involves . preparing seeds for Jow- | ude secretion from kaman tumour Application form and further particulars from the Secre- 
араа аа ue та calls Experience of tuwue culture tech- tary, Food Research Institute, Colnsy Lane, Norwich 


phynological techniques  HN.C ог 
equivalent qualification dewrable, One 
year appointment in first Instance with 


f 
Apply with- full details of 


pr and hoi names of 
referees, and 


serta and/or radioimmunoassay desir- 


within the range £3,858 to 
1 MT. per annum: (including London 
oe according to age apd ex- 


ence. . 

Applications, including а curriculum 
vitae and the names of two referocs 
should be sent to Tho Secretary, e 
Sub-Department of Molecular Віорћу- 





NEW ZEALAND 
UNIVERSITY OF . 


NR4 7UA. Closing Date: 18th January, 1979. 


8948(A) 





Ret “TNOSAs io Аюна! ‘Department of Nuclear Medici URY 
ing, quoting A, to Assistant исз, ent o uclear ne 
ae UE uei, "айак | ipe esr WIR AA M IET | Ариан e daria for t 
, t їз, ng, School, n e ons are OT e 
Berks, RG6 2AH. 9017(A) uary 26, 1979. IXA) following positions chui Are muite for a 


the (very broad) areas of oom- 
, theory 


POSTDOCTORAL 


Atomic Energy Agency 


seeks for" its laboratory at Monaco a Senior Marine . 
Alpha Radioactivity Specialist. An advanced Uni- 
versity degree in chemistry; physics or chemical 


"dui Беан з on 


oceanography and 10 years' experience in polonium 
and plutonium techniques are essential Initial con- 
tract two years. Emoluments depending on experience 
,US$35,000 per annum tax-free. Additional allowances 
if married. Travel and removal expenses paid. Six 
weeks annual leave. Sehd curriculum vitae under VN 


гап i from 
14,983 to NZ$17,145 (ар), 
18,380 per annum. 
Applications close on February 28, 
1979. - 


information 
allowan 





61/78 to LAEA, Division of Personnel, P.O. Box 590, ation, may bo obtained ia nee. 
A-1011 Vienna, Austria. - .8976(A) sities (A: D, oe ordan Radars: 
London WC1H ОРН. 9043(K) 


UNIVERSITY OF SURINAME 
Faculty of Natural Resources 
Department of Geology and Mining 


TEACHING POSTS IN GEOLOGY AND MINING 


GENERAL: The Department is a part of the 
recently established Faculty of 
Natural Resources. The course 
now Offered is of B.Sc. level. It is, 
however, likely that in the near 
future graduate student will be 
admitted. 


The period of first contract for 
non-Surinamese staff members is 
three years, whereupon the con- 
tract may be extended. Annual 
salary is the equivalent of US 
$11,000 (under review), the con- 
tract bonus 25% thereof. On first 


appointment and on termination 
the University will pay the air 
passage and a baggage allowance. 


Applicants for these posts should hold the 
degree of M.Sc. or equivalent with consider- 
able teaching and research experience pre- 
ferably in the tropics. Possession of a Ph.D. is 
an advantage, just as management experience. 


DUTIES WILL INCLUDE: 

—teaching (a wide range) of geology and 
mining subjects; 

—to evaluate, adjust and develop the pro- 
gramme of study; 


— participation in the research programme of 
the faculty; 


—to carry out organisational activities. 
For information please write to the Board of 


the Faculty of Natural Resources, P.O.B. 
1914, Paramaribo, Suriname (S.Am.). 59984) 





LOTHIAN HEALTH BOARD 
PRINCIPAL GRADE CYTOGENETICIST 

Applications are invited for the above t based at the 
Department of Pathology, Royal Hospital for Sick Children, 
Edinburgh. 

Candidates must be graduates with considerable experience 
in all aspects of cytogenetic theory and practice. A higher 
degree would be considered essential The successful applicant 
would be expected to partake in medical undergraduate 
teaching. The Department is responsible for practical cyto- 
genetic diagnosis on a supra-area basis. Consideration would 
be given to offering the successful candidate honorary Univer- 
sity status. Я 

Arrangements to visit the unit may be made by telephoning 
031-667 1991, ext 270. 

Applications which should be typewritten, giving particulars 
of age, qualifications and previous experience, together with 
the names and addresses of two referees should be lodged with 
the Secretary, 11 Drumsheugh Gardens, Edinburgh EH3 7QQ 
within two weeks from the date of this инее TN 
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COUNTY OF SOUTH GLAMORGAN 


INSTITUTE OF HIGHER EDUCATION 


Faculty of Science 
DEPARTMENT OF SCIENCE 


Appleations are Invited for the following fulltime appointment 
commencing in February 1979. The appointment will be in a temporary 
capacity because of the absence on maternity leave of the present holder 
of the post The approximate date of termination will be in July, 1979. 


SENIOR LECTURER IN 
NUTRITION and PHYSIOLOGY 


Salary: £6,051 to £7,572 


Applicants should be graduates with appropnrate teaching experience 
The person appointed will be involved in the teaching of Nutmtion to 
diploma and updergraduaie dietetics students and to mudents studying the 
Food Science Option of an HND Course in Applied Biology Phynology 
will be taught to students attending Dietetics and Nursing Diploma Courses, 


Application forms and further particulars are obtainable frem the 

Depsty Principal, Sowth Glamorgan Institute of Higher Едасабои, 
Liamdaff Centre, Western Aveune, Cardiff СЕБ 2YB, to whom they shonld 
be returned within i9 DAYS of ths appearance of this advertisement, 


F. J. Adamas, Director of Education, Education Offices, Khagrway, 
Cardiff. 8946(A) 





BEDFORD COLLEGE 
(University of London) 
SAFETY /RADIATION 
PROTECTION OFFICER 


Applications аге Invited. for the 
new for an officer with а 
sientific/technica] bias to work under 
the direction of the College Secretary 
in ensuring compliance with statutory 
requirements particularly with regard 
to radiological protection Previous 
experience of radtoiotope 

and/or radfation work essential Initial 
within gross range £3,834 to 
£7,005 pa Further particulars from 
the undersigned to whom applications 
must be submitted by February 22. 


Senior Assistant Secretary М 
(Personnel), Bedford College, Regents 
Park, London NW! 4NS, Tel 01-486 
4400, Ext 312 9037(А) 


THE UNIVERSITY OF 
WEST INDIES—TRINIDAD 


Applicauons are invited for the 
vacant temporary post of: 


SENIOR LECTURER/ 


LECTURER/ASSISTANT 
LECTURER 
in the 
DEPARTMENT OF LIVESTOCK 
SCIENCE, FACULTY OF 
AGRICULTURE 
Preference will be given to appli- 
cants bolding a first dogree in 
science or veterinary medicine with 
postgraduate qualifications їп animal 
physiology Interest and expenence in 
the phymology of dairy catile reproduc- 
поп (infertility) and/or adapiation of 
ruminants to bot, humid climates 
would be an advantage The appoint- 
ment will be for 2 yeara with the 
posmbility of extension for a total of 
5 


агу Scales (1977-78 under review) 
Senior Lecturer. TT$25,827 to 34,017 
per annum, Lecturer 'TT$19,071 to 
29,799 per annum; Assisiant Lecturer 
TTS15,480 to 16,974 per annum 
gi sterling=TIS474 FSSU Un- 
urnished accommodation 11 available 
at 10% ог furnahed м 124% ог 
bousing allowance of 20 of 
nxonable salary Family passages. 
tudy and Travel Grant 

Detailed application a сор) with 
curmeculum tae and naming three 
referees to be sent direct to гҮ, 
UWI, St Augustine, Trinidad. as 
soon as possible Applicants resident 
in the UK should send one оору 
to  Inter-Untversitv | Council. 90/9! 
Tottenham Court Road, London Wi? 
ODT Further detaus may be obtained 

either ackirees. 8956(À) 





from 


THE AUSTRALIAN 


NATIONAL UNIVERSITY 


Applications ars invited for nppoln 
ment to the following. 


Research School of 


Earth Sciences 
ENVIRONMENTAL 
GLOCHEMISTRY 

RESEARCH FELLOWS 
(2 posts) 

The School is proposing to соп 
mence work in Environmental Ger 
chemistry and invites applicatior 
from  appropriaely quali eart 
scientr&s Thu із an interdisciplinar 
field embracing atmosphenc chemustr; 
chemical oceanography and palac 
climatology, and involves the study ‹ 
the chemical! interactions between t 
atmosphere, ydrosphere and soli 
earth 


Initally the appointees will t 
attached to the ixotope group hedde 
by Dr W  Compston, where ma 
spectrometnc facilities for stable ar 
radiogenic olope eochemistry a 
available While s research topi 
have not yet been chosen, it uw expe 
ted that studies will be oriente 
towards tho oarbon cycle and pelac 
clumatology in the southern hemisphe 
using C, О motopic analyses. 

Exceptionally well qualified cand 
dates may be considered for appoin 
ment at wor Rosearch Fellow leve 


CLOSING DATE. MARCH 3 
1979. 


Salary on Apert it will be ! 
accordance with qualifications and e 
penence within the ranges Senki 
Research Fellow $A21,201 to $25,2! 
per annum, Research Fellow $A15,1. 
to $19,813 per annum Current e 
change rates $A1—$USI 14 - £058 


Teaure — Appointment as Senk 
Research Fellow/Research Fellow 
normally for 3 years in the fir 
inmance with the pommbility of exto 
slon to 5 years 


Reasonable appointment expenses а 
paid Superannuation benefits a 
available for applicants who a 
eligible to contribute Asmstance wi 
housing iz pronded for an apport: 
from outside Canberra 


The Unrversity reserves the ng 
not to make an appointment от 
make an appointment by Invitation 
any time 

Prospective applicants should obta 
further particu from the Assoc! 
ton of Commonwealth Universit 
(A ) 36 Gordon Square, Lond 
WCIH ОРЕ. 8955(A) 
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UNIVERSITY OF CAMBRIDGE 
UNIVERSITY LECTURER or ASSISTANT LECTURER 
in CHEMICAL ENGINEERING 


Applications are invited for the post of University Lecturer or Assistant 
Lecturer in Chemical Engineering. The successful 
part in the teaching programme in the Department, and is also expected 
to undertake research in a field of his or her own choice, Graduates in 
chemical engineering would be particularly appropriate candidates, but 
applications will also be welcomed from graduates in other branches of 
engineering, or in chemistry, biochemistry or physics. Industrial experience 
would be an advantage but is not essential. 

For a Lecturer, the initial appointment is for three years with the 
possibility of re-appointment to the retiring age. The present pensionable 
scale of stipends for a University Lecturer is £5,367 a year, rising by 


12 annual increments to £8,257. 


For an Assistant Lecturer the initial appointment is for three years 
with the possibility of re-appointment for two further years. The present 
pensionable scale of stipends for a University Assistant 
£4,133 a year, rising by four annual increments to £5,129 a year. 

Further information may be obtained from Professor J. F. Davidson, 
Department of Chemical Engineering, 
СВ2 GRA. Closing date February 28, 1979 


ANIMAL HEALTH TRUST 
SMALL ANIMALS CENTRE 
SENIOR 
RESEARCH ASSISTANT 


We are expanding our renal research 


elleome Trust. The initial appoint- 
ent will be for a three year period. 
arting salary will be in the range 
4032 to £5,697 (with F.S.S.U./U.S. S) 


cording to age and experience. UNIVERSITY OF LONDON 
KING'S COLLEGE 
RESEARCH TECHNICIAN 
GRADE 3 


ct Dr D. F. Macdougall at The Ani- | required to assist with project investi- 
al Health Trust, Smal Animals| gating rabbit red blood cell develop- 
entre, Lanwades Park. Kennett, Nr. | ment, 
ewmarket, Suffolk, CB8 7PN. (Te: | MRNA and protein synthesis. 
138-—-7 50543). ledge of protein fractionation chroma- 
Applications, to include full curri- | tography, 
dum vitae and the names of two | active techniques 
ferees, to the Director, bv February | mum qualifications O.N.C./H.N.C. or 
1979, 9030(A) equivalent 
experience. 
the 


Technical staff with suitable experi- 
&e are invited to apply. 

The laboratories are modern, well 
uipped and situated four miles from 
ewmarket, in pleasant park land. 
For further information please con- 





en and minority candidates аге 
wouraged to apply. Please send cur- 
:ulum vitae and the names of three 
ferences to: Search Committee, Divi- 





ST GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

TECHNICIAN 4 


A : T in Biochemistry Depart- 
vit and wish to appoint a senior re- ment to work on a 2 year C.R.C. pro- 
arch assistant with suitable experi- ject 
ice in applied Biochemistry to assist | Duties 
the investigation of canine chronic | mens 
nal disease. The successful candidate photography. 
i| be expected to take an active experience essential. 
terest in the project as a whole and | desirable. 
apply a variety of separation tech- | from 
ques to the study of urine proteins George's 
id "uraemie toxins", This five year | Cranmer 
dlaborative study is supported by the | ORE, 


involving virus-cell 
include preparing 


HNC or degree 
Application forms available 
Establishment 


with particular 
centrifugation 


years relevant 
is financed by 


ASSISTANT PROFESSOR Salary on scale £3,153 per annum 


The Division of Tumor Immunology | rising to £3,525 per annum inclusive 
seeking a new faculty member at | (under 
€ assisting professor level, We are | holiday. 
eking an investigator with a strong | scheme. 
terest and previous experience in | details to: The Head Clerk (Ref. (№) 
alysing and characterising the hu- | 210206), 
an cellular immune response. Wo-] Strand, WC2R 2LS. 


College contributory pension 
in writing with full 








FELLOWSHIPS 


UNIVERSITY OF WARWICK 


POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for a one 
year Postdoctoral Research Fellow- 
ship in the Department of Chemistry 
and Molecular Sciences to work on 
the photochemistry of metal com- 
plexes in the solid state with Drs 
N. W. Alcock and T. J. Kemp. The 
project will involve synthesis, photo- 
Chemistry and X-ray diffraction and 
would be suitable for someone with 
expertise in one of these fields (par- 
ticularly the first) wishing to extend 
their range of skills. The post is 
available immediately. Initial salary 
will be on one of the first three points 
of the Research Range [A scale: 
£3,883 to (£4,382) to £6,555 per annum 
(under review). Applications (including 
a detailed curriculum vitae and the 
names of two referees) to the 
Academic Registrar, University of 
Warwick, Coventry CV4 7AL, as soon 
as possible. Please quote Ref. No: 
18/A/78. 8957(E) 


IMPERIAL CANCER 
RESEARCH FUND 
London, England 


VISITING FELLOWSHIPS 


The Council of the Fund invites 
applications for Visiting Fellowships 
to be held in any of the following: 
the Central Laboratories of the Fund 
at Lincoln's Inn Fields; Mill Hil! 
Laboratories; the Breast Cancer Unit, 
Guy’s Hospital; Cancer Epidemiology 
and Clinical Trials Unit, Oxford 
University; Medical Oncology Unit, 
St Bartholomew's Hospital; or Tumour 
Immunology Unit, University College, 
London. 

These Fellowships wil be open to 
any applicant, irrespective of citizen- 
ship who has (or is about to obtain) 
a Ph.D. or its equivalent and who is 
temporarily or permanently resident 
outside the UK. Remuneration will 
be comparable with postdoctoral 
fellowships in country of origin; the 
award will be for one year. Return 
air fares at the lowest practicable rates 
will be paid for the Fellow and 
family, and medical insurance where 
necessary. The award constitutes a 
Contract of Service namely to under- 
take specified cancer studies for a 
stated period. Fellowships are not 
pensionable. 

Application to the Director of 
Research, Imperial Cancer Research 
Fund, Lincoln's Inn Fields, London 
W.C.2, England, should be accom- 
panied by full C.V. and list of pub- 
lications, the names of two referees, 
an account of the applicant's current 
and proposed research extending to 
about 500 words, and a short account 
of the relevance of the above work to 
the alleviation of cancer. The labora- 
tory or unit in which the candidate 
wishes to work should be specified. 


UNIVERSITY OF ABERDEEN 


DEPARTMENT OF 
CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for as 
S.R.C. Research Fellowship working 
with Dr A. R. West on novel solid 
siate energy storage systems. 

Appoinimen: will be from April 1, 

), or as soon thereafter as possible, 
and will be tenable for two years. 

Salary £3,883 to £4,382 per annum 
on Research and Analogous Staff 
Range 1A Scale. 

Further particulars from The Secre- 
tary, The University, Aberdeen with 
whom applications (2 copies) should 
be lodged by January 26, 1979, 

9036(E) 


MAGDALEN COLLEGE, 
OXFORD 


ELLOWSHIP IN 
PURE MATHEMATICS 


The Codege proposes to elect with 
effect from October 1, 1979 a Fellow 
and Tutor (male or female) in Pure 
Mathematics. A part-time University 
Lectureship is associated with the 
Fellowship and the successful candi- 
date will be eligible for appointment 
to this post. 

Completed applications, together 
with the names of three referees, 
should be submitted by February 12, 
1979. Application forms and further 
information can be obtained from the 
President, Magdalen College, Oxford. 

9038(E) 








BIRKBECK COLLEGE 
(University of London) 
DEPARTMENT OF CHEMISTRY 
RESEARCH OFFICER IN 
ORGANIC CHEMISTRY 


Applications are invited for a post- 
doctoral fellowship to initiate a project 
on the synihesis of acetylenic deriva- 
tives of carbohydrates of potential bio- 
logical importance. The appointment 
wil be for one year initially, but is 
likely to be renewed for a second year. 
Salary in tae range £3,685 to £4,155 
(under review from October 1, 1978) 
plus £450 London Allowance. Applica- 
tions in writing with curriculum vitae 
and the names of two referees to 
Dr N. R. Williams, Birkbeck College, 
Department of Chemistry, Malet 
Street, Loncon. МСЕ 7HX. 

8981(E) 








COURSES 


ELECTROMAGNETIC 
SCATTERING AND 
PARTICULATES 


A post experience course will be held 
at Imperial College from March 26 to 
28, 1979. Details from Dr А. В. Jones, 
Chem. Ель, and Chem. Tech. 


эп of Tumor Immunology, Sidney T Imperial College, London SW7 2BY. 
irber Cancer Institute, 44 Binnev QUEEN MARY COLLEGE Closing date March 31. 1979. 9020(E) Tel: 01-589 S111, Ext. 1906. 89809 











reet, Boston, MA 02115. An Equal University of London 
aportunity/Affirmative Action m- 
oyer. 9029(A) MILLIMETRE WAVE/ UNIVERSITY OF ANNOUNCEMENTS 
- SOR ;MOLECULAR LINE SALFORD 
EUROPEAN MOLECULAR ASTRONOMY DEPARTMENT OF ANNOUNCEMENT 
BIOLOGY LABORATORY Applications are invited for a CHEMISTRY AND The fourth annual Pas chai 
Institute in Methods of Immuno- 

JUNIOR BIOCHEMIST POSTDOCTORAL A A m тае йе logical ^ Diagnosis", ^ conducted 
Applications are invited for the post| RESEARCH ASSOCIATESHIP following research fellowships in under the auspices of the World 

Junior Biochemist at EMBL's| for work with the Millimetre Wave organic Chemistry, sponsored by Health  Osganization | Collaborat- 
station at Grenoble, France. Astronomy Group, whose research the Science Research Council; ing Laboratory for the Serology 
The successful applicant will join a | activities involve observation and (D Synthesis of prostanoids of Auto-immune Diseases at Wayne 
search. project on aspects of muscle | interpretation of emission from mole- containing a thiophen ring, under State University School of Medi- 
ochemistry, in particular the deter-| cules in galactic HIT regions and the supervision of Dr O. Meth- cine, will be held June 17-23, 1979. 
ination of the amino-acid sequence | molecular clouds. The observations Cohn and Dr S. M. Roberts, com- The course is to be held on the 
the rod portion of the myosin | are made using heterodyne techniques mencing April 1, 1979 or soon as wooded campus of Cranbrook 
dlecule. Information оп this | giving high spectral resolution, from possible thereafter (Ref: СН/ Educational Community in Bloom- 
quence will be used as primary data | high altitude observatories in the 248/N). field Hills, Michigan. Я 
г physical structural studies involv- | northern and southern hemispheres. (2) The Chemistry of enami- This year. the course wil em- 
g such techniques as electron | Suitable candidates would have a dines, under the supervision of phasize selected, newer methods 
icroscopy, X-ray and neutron | strong interpretational background іп Dr B. J. Wakefield, commencing applicable te the diagnosis of hu- 
fraction. РЕБ astronomy, ог а relevant field of June 1, 1979 or as soon as man diseases. f 
A PhD. qualification, followed by | physical science, but applicants with possible thereafter (Ref: CH/ Category 1 credit for post gra- 
е Sa bw: in an appropriate more esperimental experience are not 249/N). duate medical education has been 
dd, is required. К excluded. The job will entail assistance Commencing salary within the approved. Deadline for receiving 
The salary offered will be FF 6643| in the planning and execution of the range: £3,883 to ^ #4382 per applications is April 15. Purther 
anthiy, after deduction of tax. | group's observational programme. annum; U.S.S. information can be obtained by 
tan allowances are payable in Appointment for three years from Application forms are available writing to: 

ition, depending on personal | as soon as possible. Initial salary in from the Registrar, University of Noel R. Rose, M.D., Ph.D. 
шанс, Р range (under review) £3,883 to £4,382 Salford, Salford MS 4WT (Tel: Department of Immunology and 
ЫР ications, quoting reference 79/1, | per annum plus £450 London Allow- 061-736 5843, Ext. 215) to whom Microbictogy 
и curriculum vitae and a brief | ance. , . completed applications should be Wayne State University School 
ement of interests, together with Further details obtainable from returned by February 28, 1979 for of Medisine 
E коо pw der i Dr J. E. Beckman (N), Physics De- post (1) and March 31, 1979 for $40 East Canfield 

н ‚ Director General. | partment, Queen Mary College, Mile post (2). Please quote appropriate Detroit, Michigan 48201 
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MISCELLANEOUS 


CHINA: SCIENCE AND 
SOCIETY 

SACU's 21 day Science Study 
Tour leaves March 18; an unusual 
opportunity to see China and study 
the rapidly-changing role of science 
and technology in Chinese society. 
Assess China's achievements in ad- 
vanced research, the popularisation of 
science, and the use of 'appropriate" 
technology. 


CHUNGKING AND 
THE YANGSTE GORGES 


Specialist tour in August with varied 
coverage for Geographers and En- 
vironmentalists, visiting Peking, Wu- 
han, Canton and Szechuan province, 
whose mountains enclose the famous 
Red Basin, and three-day investigative 
trip through the Yangste Gorges. 

Full preparatory study programme. 

Further details; Society for Anglo- 





Cbinese Understanding, 152 Camden 
High Street, London NWI ONE. 
Tel. 01-267 9841. 8996(J) 





STUDENTSHIPS 


UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF PATHOLOGY 


JOHN LUCAS WALKER 
SENIOR STUDENTSHIP 


The Managers invite applications for 
a John Lucas Walker Senior Student- 
ship, the holder of which must devote 
himself/herself to original research in 
any of the following branches of 
Pathology (Cellular Pathology, Immu- 
nology. Microbiology and Virology). 
Applicants should already have com- 
pleted a period of postgraduate train- 
ing (Ph.D. or equivalent). Applications 
should be sent not later than February 
19, 1979 to Professor P. Wildy, Depart- 
men: of Pathology, Tennis Court 
Road, Cambridge. The studentship is 
tenable for 3 years; its annual value 
will accord with the scales laid down 
for University Research Staff. 

903 1(F) 


UNIVERSITY HOSPITAL 


Saskatoon, Saskatchewan 
S7N OW8 Canada 


Three-year Studentship leading to 
an M.Sc./Ph.D. in multi-disciplinary 
areas of biological psychiatry (neuro- 
chemistry, clinical chemistry. neuro- 
pharmacology) are available. Applica- 
tions are invited from graduates with 
a first or upper second class honours 
or equivalent qualifications in a suit- 
able biological subject to read for a 
higher degree. Interested persons 
should write to Dr A. V. Juorio, 
Head Basic Studies, Psychiatric Re- 
search Division, University Hospital, 
Saskatoon, Saskatchewan, S7N OW8, 
Canada, including a curriculum vitae 
and the name and addresses of two 
referees. Non-Canadian applicants are 
advised to write before February 28, 
1979, and landed immigrants to 
Canada and Canadian nationals before 
July 31, 1979. 8977(F) 








UNIVERSITY OF 
STRATHCLYDE 
DEPARTMENT OF 
FIBRE SCIENCE 


RESEARCH 
STUDENTSHIPS 


Applications are invited from 
suitably qualified science ог en- 
gineering graduates for two 
studentships. One for work on the 
handle and texture of fabrics 
would suit a candidate with a 
background. 
The other dealing with fibre 
structure /property relationships 
would suit a chemist or materials 
scientist. 

S.R.C. 
successful 
pected to 
degree, ` 

Further information and applica- 
tion forms can be obtained from 
Dr H. M. Elder, Chairman of 
Department, Department of Fibre 
Science, Unigersity of Strathclyde, 
George Street, Glasgow. 

iz 8999(F) 


physics/mathematics 


apply and 
wil be ex- 
for a higher 


scales will 
applicants 
register 











ST JOHN'S COLLEGE 
CAMBRIDGE 
RESEARCH STUDENTSHIPS 


The College invites applications for 
a number of Research Studentships, 
normally tenable for three years and 
of such value as will, in addition to 
the payment of fees, bring the student’s 
total emoluments to £1,710 a year, for 
men who are not already members 
of the College but who propose to 
register as Ph.D. students at the 
University. Candidates should have 
gained or have a strong prospect of 
gaining a first-class honours degree or 
equivalent. 

Further details and application forms 
can be obtained from the Senior Tutor, 
St John's College, Cambridge CB2 
ITP. Completed applications must be 
received by April 1, 1979. — 8986(F) 





ASSISTANTSHIPS 





UNIVERSITY OF 
SOUTHAMPTON 


SCHOOL OF BIOCHEMICAL AND 
PHYSIOLOGICAL SCIENCES 


GRADUATE RESEARCH 
ASSISTANTSHIP 


Applications are invited for appoint- 
ment as a GRADUATE Research 
Assistant in the BIOCHEMISTRY 
GROUP of this School, to work with 
Dr D. P. Bloxham on the applications 
of thiosulphonate reagents to problems 


in protein structure and function. 
Applicants should have а воой 
honours degree in biochemistry or 


chemistry and should have an interest 
in enzymology. The appointment, 
which is S.R.C. supported, will be 
made as soon as possible and is in- 
itially for one year, renewable for a 
further two years. 


The salary will be within £3,884 to 
£4,883 per annum (under review) on 
Scale 1B for Research and Analogous 
Staff; 0.5.5, benefits. 

Applications giving date of birth, 
curriculum vitae and the names and 
addresses of two referees, should be 
sent to Mrs P. Vaughan-Smith, The 
University, Southampton SO9 SNH, by 
January 20, 1979, quoting reference 
1043/R/Na. 8889(P) 


UNIVERSITY OF CALGARY 
GRADUATE 
ASSISTANTSHIPS 
(Teaching and Research) 


Available for students proceeding to 
the M.Sc. and Ph.D. degrees in all 
branches of CHEMISTRY and BIO- 
CHEMISTRY. The assistantships are 
valued at $7,000 to $8,000 p.a. and 
include remission of program fees. 
Travel allowance also available. 

For further information write to: 
Department of Chemistry 
Chairman of Graduate Studies 
UNIVERSITY OF CALGARY 
Calgary, Alberta, Canada 
T2N 1N4 
Please indicate field of interest. 

8969(P) 





UNIVERSITY OF 
DUNDEE 
DEPARTMENT OF 
MATHEMATICS 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH 
ASSISTANTSHIP 


to work with Dr D. F. Griffiths 


in the above Department on finite 


element methods in fluid dynamics. 
The appointment will be for two 
years at a starting salary in the 
range £3,883 to £4,382 depending 
on age and qualifications. 

Applications, which should in- 
clude a curriculum vitae and the 
names and addresses of two 
referees, should be sent by Febru- 
ary 13, 1979 to The Secretary, 
The University, Dundee DD! 4HN, 
from whom further particulars 
may be obtained. Please quote 
Reference EST/73/78N). 

9015(P) 
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LECTURES 























Biochemical Societies. 


February 
February 
February 
February 
February 


90 Qu A ce ме 


February 9, 
February 12, 


February 14, 


A NATO SCHOOL 


ON TOPICS IN THEORETICAL 
ORGANIC CHEMISTRY 


will be held in Gargnano (Garda Lake), 
Italy on June 18-30, 1979 
Lectures will be delivered by : 

A Bernardi (italy) 

E. Clementi (Italy) 

1. G. Csizmadia (Canada) 

М. Epiotis (U.S.A.) 

P. von R. Schleyer (Germany) 
Intending participants should contact: 
Professor A. Mangini, NATO 

School, Istituto Chimica Organica, 
Universita, Viale Risorgimento 4, 
40136 Bolonga, Haly. 89710(K) 





GRANTS/SCHOLARSHIPS 





MULTIPLE SCLEROSIS 
RESEARCH 


Applications are invited for Grants 
funded by the Society for research 
related to Multiple Sclerosis. Support 
will be provided for approved clinical 
or epidemiological work as well as 
for laboratory-based studies within 
Australia. 

Applications from suitably qualified 


persons will also be considered for 
Post-Doctoral Fellowships. Intending 
applicants for project grants should 


write for further information to the 
Executive Director, National Multiple 
Sclerosis Society of Australia, 616 
Riversdale Road, Camberwell, 3124. 
Australia. Applications close оп 
Saturday, March 31, 1979. 

Professor D. R. Curtis, Chairman, 
Research Advisory Board, National 
Multiple Sclerosis of Australia. 

8984(H) 


and molecular biology. 


cases, additional allowances. 


Imperial 





Ist FEBS LECTURE TOUR 


A new Lectureship Programme has been started by the 
Advanced Courses Committee of the Federation of European 
The Ist 
take place in 1979. 


GARY FELSENFELD 
(Bethesda, Md) 


will lecture on 


*Nucleosome Architecture | 
and Chromatin Function" 


as follows: 
. London (King's College Department of Biophysics) 
Cambridge (M.R.C. Laboratory of Molecular Biology) 
Orléans (Centre de Biophysique Moléculaire) 
Paris (Institut de Recherche en Biologie Moléculaire) 


» Munich (institut für Physiologische Chemie, 
Physikalische Biochemie, und Zellbiologie) 


Heidelberg (European Molecular Biology Laboratory) 
Strasbourg (Laboratoire de Génétique Moléculaire 








FEBS Lecture Tour will | 





des Eucaryotes) 


Barcelona (Depto. de Quimica Macromolecular) 


8979(K) 


TH7 ROYAL SOCIETY 
THE RUTHERFORD 
SCHOLARSHIP 


This award, for graduates of e 
ceptional promise and ability who a 
under 26 years of age on May 
1979, is for experimental research 
any of the natural sciences, with 
preference for experimental physics 
there are candidates of similar mer 
fe will be tenable for three year 
from October 1, 1979 or such ath 
date as may be arranged, in son 
part of the British Commonweal 
other than that in which the applica 
graduated. The value, adjusted to me 
the circumstances, will be £2,250 p 
annum on appointment (under revies 
if held in the United Kingdom, wi 
allowances for travel, university fec 
ete. Tt will not normally be award: 
to a graduate who has already held 
senior research award. 


Applications should be made 
follows: 
From university graduates in t 


United Kingdom: before February | 
1979 on forms obtainable from t 


Executive Secretary, The Roy 
Society, 6 Carlton House  Terrac 
London SWIY SAG. 

From university graduates | outs? 


the United Kingdom; through the 
universities to the Royal Commissi: 
for the Exhibition of 1851 on fort 
of application for the Commissione 
Science Research Scholarship to 


obtained from the registrars 
administrative authorities of — the 
universities. 8967(H) 


IMPERIAL CANCER RESEARCH FUND 
BURSARIES FOR TRAINING IN RESEARCH 


A small number of Bursaries will be awarded at the laboratories in 
Lincoln’s Inn Fields and Mill Hill for full-time studies leading to higher 
degrees in research fields relevant to cancer, that include chemistry, cell 


The awards will be tenable for three years from October 1, 1979 with 
a non-pensionable grant of £2,952 a year (subject to tax) and, in some 


Applications are invited from British subjects normaily resident in the 
U.K, and not over 25 years of age, who hope ta obtain First or Upper 
Second class Honours Degrees in Science in 1979. 


Further details and application forms available from 


The Personnel Officer 
Cancer Research Fund 
Lincoln's Inn Fields 
London WC2A 3PX 


Completed application forms should reach the Director of Research 
at the above address not later than February 14, 1979. 


901909) 
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Back 
indexes 


@ 1971 through 1977 still available 
@ assist quick, easy reference to the 
year’s papers, listing by both 

. author and subject 

Q easily accommodated in Nature 
binders 

Prices 

UK £5.00 each 
Rest of World USS10.00 each 


(Payment may be made in any currency at the 
prevailing exchange rates. Cheques should be made 
payable to Nature. All prices include postage.) 


Ürder form 


'To: Macmillan Journals Ltd, Brunel Road, 
Basingstoke, Hants, England RG21 2XS 











Please send me Nature indexes 
in the quantities shown. 





7 Postal/Zip code 





Reg. No: 785998 England. 
Reg. Office: 4 Little Essex Street, London WC2R 3LF. 








Receptor 
Ligands 


Muscarinic antagonist: now hotter, 
optically active 
*I- Quinuclidinyl 
[phenyl- 4(n) Н] benzilate | 
TRK.604  30- 60Ci/mmol 


Nicotinic antagonist 
*ec- Bungarotoxin, 
N- [propionyl ^H] propionylated 
TRK.603  30- 60Ci/mmol 


[25] odo -œ bungarotoxin 
IM.109 


B —Adrenergic antagonist 
3 - ['?5flodohydroxybenzylpindolol 
IMT — 22000Ci/mmol 


*Exclusive from Amersham 


Please enquire for further details. 


е 
+s 


The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. 
Tel: Little Chalfont (024 04) 4444. 

in the Americas: Amersham Corporation, Шлош 20005, 
Tel: 312-593-6300. 

in W. Germany: Amersham Buchler GmbH. & Co, KG, 
Braunschweig. Tel: 05307 4691. 


Circie No. 07 on Reader Enquiry ard. 








| Mole ier | 
Моде! 
Research 

Kit 


chemistry i in Each kit consists of the following pieces: 


h € 30 tetrahedral carbon atoms (black) 
t r ee dimensions е 6 pairs of double-bonded carbon atoms (black) 
ө 5 oxygen (or sulfur) atoms (red) | 
тое а шо — «© 2 trivalent nitrogen atoms (blue) 
designed by Professor Men 
«ouis Е. Fieser.'-* The models е Molecular Model Research 
consist of sturdy, color-coded i ede | | | aoe 
_ plastic and aluminum parts which 210,160-5, "Chemistry in Three Dimensions," 
-snap together to form bonds. They by L.F. Fieser, $3.00 — — . 
are easily assembled and handled, ^ Chemistry Departments may wish to 
and may be disassembled for purchase quantities of atomic models to sell 
| repeated use. X individually when the research kit proves too 
Fieser models are highly effective по Rist Mis Doc offer each atomic 
for assessing conformational and "08е !n tots OF 100. 
_ Steric effects, and geometrical 210,401-9 100 carbon atoms (black) $37.95 


relationships. ^ 210,402-7 100 pairs of double-bonded 
References: carbon atoms (black); $69.75 


(1) L.F. Fieser, J. Chem. Ed., 40, 62 (1963). Ж 
(2) LE. Fieser. ibid. 40, 457 (1963). 210,403-5 100 oxygen (or sulfur) atoms (геа) 


(3) LF. Fieser, ibid., 42, 408 (1965). $19.35 


(4) L.F. Fieser, "Chemistry in Three Dimensions," ; 
Aldrich Catalog Number 210,160-5. 210,404-3 100 nitrogen atoms (blue) $29.25 































chemists helping chemists in research & industry 


'aldrich chemical co. 


3 Main Sales Office: Great Britain: os Belgium/ West Germany/ Japan: 
co Aidtich Chemical Co. Inc. Aldrich Chemical Co. itd . Continental Europe: Continental Europe: Aldrich Japan : 
940 W. Saint Paul Ave. The Old Brickyard, New Road — Aldrich-Europe EGA-Chemie KG — €/o Tokyo Danchi Sohko Kanrito 
to p Milwaukee. WI 532337 .. Gillingham, Dorset SP8 4JL B-2340 Beerse 7924 Steinheim am Albuch. :4-1, 3-chome, Heiwajima, Ohta Ku 
vob 18. А. England Belgium West Germany. Tokyo. dapan : 
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Cover 2 


mRNA Termini (caps) 


Name 
т'С(5)ррр(5)Ст 
т*С(5)ррр(5)От 
тС (5)ррр(5)Ат 
т*С(5)ррр(5)Ст 

т "GG? ppp N'mAm 
Or their precursors 


Name 


тС (5)ррр(5)А 
m'G(5 )ppp^G 
G(5?)ppp(5')Am 
С(53ррр(5)Ст 

G(5^) ppp(5" JA 
’) 


GS) pppi5)G 


We have them all in stock for immediate delivery. 





excellence in biochemistry 





$ 


Nature 11 fanuary 1979 





Cat. 

No. 

4607 
4609 
4633 
4631 
4611 


Cat. 

No. 

4637 
4635 
4641 
4639 
4645 
4643 


PLbiochemicals, inc. 


1037 \NEST McKINLEY AVENUE. MILWAUKEE, Wis 53205 
© Call 414/347-7442 TWX 910-262-1111 


2,3-Dideoxynucleoside 


... $40.00 


5'-Triphosphates 


DNA Sequencing Reagents 
(Chain — Terminators) 


4831 2, 3'-Dideoxythymidine 5'-Triphosphate 


25mg........ $175.00 


4823 2; 3'-Dideoxycytidine 5'-Triphosphate 






excellence 


Circie No. 02 on Reader Enquiry Card. 





4819 2; 3' -Dideoxyadenosine 5 


. $60.00 5x4 ,moles ... $275.00 


" Triphasphate 


. $60.00 5x4 umoles ... $275.00 


4817 2; 3'- -Dideoxyguanosine 5! -Tri Назр hate 


5x5 
5 units units 
$40.00 $160.00 
40.00 160.00 
40.00 160.00 
Pkg. Sizes and Prices: 
40.00 160.00 nico. 
50.00 200.00 
Pkg. Sizes and Prices: 
5x5 " 
5 units units 4 „moles . 
$35.00 $150.00 
Pkg, Sizes and Prices: 
35.00 150.00 á anoles. 
30.00 125.00 
30.00 125.00 
25.00 100.00 Pkg. Sizes and Prices: 
25 units 40.00 4umoles . 


. $60.00 5x4 moles ... $275.00 


4865 Dideoxynucleoside Tri Shosphaté Kit 
One micromole of each of the four 
dideoxynucleoside triphosphates 


1Kit ... $80.00 


Available from stock 


in biochemistry 


PLbiochemicals,inc. 


3037 WEST McKINLEY AVENUE. MILWAUKEE, NNIS 53205 
® Call 414/347-7442 TWX 910-262-1111 


Circle No. 17 on Reader Enquiry Card. 





Nature special supplement 


Ima 0 og (23 November 1978) 


nature 








Contents 


BJ Mason 

The World Climate Programme 

MJ Ingram, DJ Underhill & TML Wigley 
Historical Cümatolagy 

Vaimore C LaMarche, Jr 

Tree-ring evidence of past climatic variability 
GJ Shutts & JSA Green 

Mechanisms and models of climatic change 
A Gilchrist 

Numerical simulation of climate and 
climatic change 

BA Thrush 

Recent developments in the atmospheric 
chemistry 

George L Siscoe 

Solar-terresirial influences on weather and 
climate 

CE Leith 

Predictability of climate 

MK Miles 

Predicting temperature trends in the Northern 
Hemisphere to the year 2000 


Also available 

Parasitology Supplement (36pp) 
22 June 1978 

Science in China (3 reports by 
Joseph Needham) 31 August 1978 


Prices including postage: 

UK £1.00 

Rest of World US $3.50 (surface) 
US $5.00 (air) 


Payment may be made in any currency at the 
prevailing rate of exchange. Cheques should 
be made payable to Nature 
m омана ma neus Hm ttm 

To: Nature, Macmillan Journals Lid 

Brunet Road, Houndmills, Basingstoke Hampshire, 
| England RG21 2X8 | 

Please send me special supplement issues 
in thequantities shown: | 


Climatology тани ology 
Se. pan Cher 


1 ne iclose | 
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Guide to authors 


@ Review articles should be aimed 
at a relatively wide readership. 

Many reviews are invited, but 
submitted articles may also be accepted ; 
it is advisable to consult us before 
writing a review article. 

@ Articles may be up to 3,000 words 
long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 

@ Letters are brief reports of original 
research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at most three or four 
displayed items. 

@ ‘Matters Arising’ permits short 
discussion (up to 300 words) of papers 
that have zecently appeared in Nature. 


Articles should be accompanied by an 
abstract of not more than fifty words. 
Letters should begin with a paragraph 
giving the background and main 
conclusions in terms intelligible to as 
wide a readership as possible. 

Manuscripts may be submitted either 
to London or Washington. Three 
typed copies should be submitted, each 
including lettered copies of figures. 
Typing (including references) should be 
double spaced. The title should be 
brief and informative. Pages should 
be numbered. References, tables and 
figure legends should start on separate 
pages. Experimental detail vital to the 
paper yet which would interrupt the 
narrative is best placed in the figure 
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NCE confronts ignorance in the case of the release 
of the\ smallpox virus, Variola major Abid, from a 
Birmingham University laboratory last August. Clive 
Jenkins, Seader of the Association of Scientific, Technical 
and Margerial Staffs (ASTMS), a trades union taking an 
increasing “interest in laboratory safety in the UK, 
'published' the confidential Shooter Report on the Bir- 
mingham affair last week. This has removed our ignorance 
of the events which led up to the smallpox release, as we 
describe in the next few pages; but it has not removed 
our ignorance of the smallpox virus, whose relationships 
among its many strains and to the various animal poxes— 
from which it might re-emerge—remains obscure. Professor 
Henry Bedson was working on the protein characterisation 
of the various pox viruses, under pressure from the forth- 
coming closure of his laboratory, when the escape occurred. 
The World Health Organisation (WHO) team, whose work 
has led to the virtual eradication of Variola major as a 
cause of disease, had earlier in the year described his work 
as "fascinating", but within a few weeks Professor Bedson 
had committed suicide. 

Professor Bedson, the Shooter Report implies, had been 
guilty of his own kind of ignorance: wilfully or otherwise 
he had ignored elementary safety precautions in the hand- 
ling of the virus. According to one member of the Dan- 
gerous Pathogens Advisory Group (DPAG), which licensed 
Bedson's laboratory as adequate in 1976, the equipment 
Bedson was using was unsafe "except for the mildest 
pathogens". Interestingly enough, the first this DPAG 
member had seen of the apparatus was on television news 
last week. 

None of these various kinds of ignorance is tolerable. 
First we must know more of the smallpox virus and its 
relatives. Second, those working with pathogenic—or 
potentially pathogenic—organisms must be prepared to 
educate themselves about the mechanisms by which those 
organisms can escape. (This involves as much physics as 
biology). And third, after DPAG is disbanded (it must be, 
if only to restore public confidence), its successor must be 
provided with sufficient critical investigative power that its 
members do not have to rely on the television for their 
information. 

Most of what needs to be done follows from these three 
requirements. First, Professor Dumbell, whose laboratory 
at St Mary's Hospital is the only one to retain smallpox 
virus in the UK, must be given the means to continue his 
work (the characterisation of pox viruses by their DNA 
content). It is not reasonable that he should be hounded 
into a two-year hiatus in his work because of the laxity 
of another laboratory. The World Health Organisation, 
which suffered no strictures in Shooter for its inspection 
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procedures, has designated Dumbell’s laboratory as one of 
the only four in the world that can continue to work on 
smallpox. He should be able to continue. But perhaps he 
should be prepared to take up the offer, reported below, of 
the director of the special pathogens unit at Porton Down, 
Dr David Simpson, to store his smallpox samples at Porton 
(whose containment facilities are second to none) and pro- 
vide him with laboratory space. This would imply that 
Professor Dumbell’s work could continue soon, but in 
collaboration with Porton staff; and that his animal pox 
samples—which are not so virulent as Variola major— 
would remain at St Mary's. Such en arrangement might 
prove an effective compromise, if logic rather than emotion 
prevails. 

Second, the need for improving safety measures and 
safety education at other laboratories holding category A 
pathogens (and for that matter the milder category B 
pathogens too) leads to a number of consequences: that 
money should be made readily available for increasing 
laboratory safety (it has not been easily available in the 
past); that safety officers be provided with sufficient status 
that they can confront heads of departments on equal terms; 
and that (we shall argue) a body be set up to provide 
education and research into biosafety. 

That safety money has not come easily in the past is 
illustrated by the comment, only last week, of Professor 
Arie Zuckerman of the London School of Hygiene and 
Tropical Medicine that he could not afford the six white 
coats per staff member recommended in the Godber report 
(the result of an inquiry which followed a smallpox out- 
break at the school in 1973). Presumably, in the present 
political climate, money should present no problem. But it 
must be provided in such a way that there is no conflict of 
interest over its spending. If it were provided, for example, 
by the Medical Research Council (MRC), which funds 
biomedical research, there would be a regular conflict over 
how much to spend on research and how much on safety. 
Again, if that money were provided as a block grant to a 
head of department, there might be an accounting difficulty 
in determining whether the money had finally been spent 
on safety or on some other matter. The best solution would 
seem to be money provided either by the ministrv con- 
cerned (the Department of Education and Science for 
universities and the Department of Health and Social 
Security for hospitals) or better directly by the Health and 
Safety Executive (HSE) to the safety officer of each lab- 
oratory. Then the conflicts of interest in the giving and the 
spending of money would be minimised. 

Status for the safety officer is a thornier problem. It is 
not merely a matter of equal salaries, but one of prestige, 
age. and personality. There must be a mutual respect for 
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their individual concerns between the head of department 
and the safety officer, the one for the academic advance- 
ment of the department, the other for the human welfare 
of its members. Probably the most experienced and knowl- 
edgable biosafety officer in this country, Dr Mark Darlow 
(who was head of the safety section at Porton from 1951 to 
1976), believes that the job involves being “а kind of 
uncle". He is a doctor of medicine, and has something of 
the manner of a general practitioner—firm yet sympathetic 
апа believes it vital that a safety officer gets to know the 
families of the people in his care, and their doctors. He has 
all the assurance of the medical profession, and one can be 
quite sure he had the confidence to confront the director of 
Porton and its scientists when it was necessary. And he was 
successful, despite the awesome panoply of bugs (from 
smallpox to plague) that Porton carried. There were very 
few incidents, and those only due to inevitable human 
frailty. It is dangerous to argue from one case; but there 
are very few; and it seems reasonable to suggest that a 
safety officer should always be a doctor. This gives him or 
her the status and confidence of the profession, and ensures 
the right motivation; safety is not a business for failed 
academics. 

This leads to the next matter—the need for education 
and research in biosafety. Darlow's confidence rests not 
only on his professional sangfroid but also on experiment. 
In very early days at Porton, for example, he discovered 
the hardiness of the smallpox virus. He found that it can 
survive in dust in the corners of rooms, in pockets, even 
in dust on the top of a fluorescent light. He did experiments 
with high speed cinephotography on pipetting, and showed 
that a cloud of tiny droplets floats into the air with every 
drop released. He had the confidence of facts, and could 
convince the scientists in his care with evidence. No scien- 
tist is going to accept arbitrary controls; there must be 
adequate reason. 

Not only is there now very little research being done 
(whereas as great deal remains to be learned), but what is 
known is not widely disseminated. As Dr Darlow wrote 
prophetically in 1969 “The literature on the subject is in 
fact very extensive, but many of the publications have 
appeared in unfamiliar journals and have consequently 
been overlooked; it is to be regretted that the spilling of 
ink is so inaudible and that positive action is only stimu- 
lated by the resounding spilling of pathogens." (Methods in 
Microbiology vol 1 ch 6; 1969.) 

Biosafety is peripheral to the interests of an ambitious 
academic, and he or she is not going to spend as long 
reading the safety literature as reading the latest develop- 
ment in his or her field. That much is inevitable. Neither 
is such a person going to spend much time researching 
hazards, the reward for which is a human one quite dif- 
ferent from the pursuit of academic success. It is therefore 
necessary to set up a new institution, with its own career 
structure and motivations, with the objective both of dis- 
seminating existing scientific knowledge on biosafety, and, 
most important for maintaining the liveliness of the body, 
with the objective of pursuing research into biosafety 
questions. There are many of these, and not only concern- 
ing work with known pathogens; there is a great deal yet 
to be learned about the safety of work with recombinant 
DNA, for example. 

Further, since one product of such a unit would certainly 
be ideas for new devices to increase containment and ease 
research, and since such devices will be in demand, the 
unit could even generate some of its own income through 
patents and licensing. If Britain moved fast enough, such 
a body could become a world leader in the field whose 
prestige would make it easier to attract the right kind of 
talents to it: talents in education, medicine, biology, phy- 
sics, and commerce. The Secretary of State for Education 


Nature Vol. 277 11 January 1979 


and Science, Mrs Shirley Williams, who recently indicated 
her willingness to invest large sums of money in research 
into the hazards of genetic engineering, would be well 
advised to consider setting up such an institution. It would 
be an innovation. None yet exists quite like it; neither the 
National Radiological Protection Board, nor the labora- 
tories of the Health and Safety Executive, nor the research 
units of the MRC, have such conjoined functions; but the 
functions must be conjoined as each activity would stimu- 
late the others. Alone, each is a stranded whale. 

After continuing research into smallpox: after removing 
ignorance of biosafety; the third matter we raised was the 
question of keeping DPAG’s successor properly informed. 
Of course that in itself is not enough: DPAG proved 
itself unwilling to act. But a dose of ‘public interest’ and 
union representation, as on the Genetic Manipulation 
Advisory Group, should soon cure that. DPAG already 
had teeth, under the Health and Safety at Work Act; its 
advice had to be accepted or a laboratory would have 
to close. Its successor needs no more than that-—except 
information. 

DPAG was not well informed. It has emerged now that 
there is no complete and guaranteed list of the laboratories 
holding category A pathogens, let alone category B. The 
Godber working party, which defined the categories, sent 
out a large number of questionnaires concerning pathogens 
held to as many laboratories as they could think of. Of 
4,016 laboratories questioned, 2,152 did not even reply. 
Perhaps they held no pathogens: but there is no guarantee 
of that. Further, DPAG has had only one full time inspec- 
tor, a retired member of the Public Health Services Labor- 
atory, plus two occasional assistants, to inspect the 115 
laboratories holding category A pathogens that were un- 
earthed by Godber. At Birmingham, according to Shooter, 
the DPAG inspectors failed even to consult a checklist of 
items recommended by the Godber report. 

The Health and Safety Executive has a special unit of 
three microbiologists, but that is less than a year old and is 
now occupied full time until April inspecting 11 lab- 
oratories holding category A human pathogens. (Inciden- 
tally DPAG has reduced the list of 12 category A human 
pathogens defined by Godber to 5, while adding 4 new 
ones.) This same HSE team also has the duty of inspecting 
laboratories for the Genetic Manipulation Advisory Group. 
It is clearly overstretched, and must be expanded by a large 
factor. But there is another problem: where are people of 
sufficient quality and knowledge to be found? The HSE 
function must not be one of rubber-stamping. of accepting 
the assurances of the ‘expert’ at the laboratory who rarely 
turns to the biosafety literature. There may be no more 
than half a dozen people in the country who really under- 
stand the field. These people must be brought together as a 
matter of urgency, first to assist in training new inspectors 
for the HSE and second to advise on the setting up of the 
biosafety research and education unit we recommend. Ulti- 
mately that unit can become the source of new inspectors 
and of biosafety officers. 

Finally, there is the question of the need for another 
public inquiry, as demanded by Mr Clive Jenkins. Our view 
is that would only confuse a situation where a laboratory 
is already littered with the recommendations of well-mean- 
ing committees. The Godber working party was set up five 
years ago to clarify the situation and that it did. The failure 
has been to implement its recommendations properly, which 
is a failure of government. DPAG should be reconstituted 
along the lines of GMAG. The HSE microbiological in- 
spectorate should be significantly strengthened. A biosafety 
research and education unit should be set up. And a way 
should be found to enable Professor Dumbell to continue 
his smallpox work rapidly, probably at Porton. These are 
the ways forward from Birmingham. о 


Nature Vol. 277 11 January 1979 


On 24 August last year Professor Henry 
Bedson of the Department of Medical 
Microbiology at Birmingham University 
from Mrs Janet 
Parker, a university photographer, and 
confirmed that she had smallpox. The 
infection was almost 
certainly Bedson’s smallpox laboratory. 
Within a few weeks Professor Bedson 
had committed suicide and Mrs Parker 
had died, The affair is sub judice under 
the pending court case against Birming- 
ham University under the Health and 
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Robert Walgate report. 


Safety at Work Act, but despite that 
Clive Jenkins, leader of the Association 
of Scientific, Technical and Managerial 
Staffs last week published his copy of the 
Shooter report—the confidential govern- 
ment report of the committee of inquiry 
into the incident. Shooter's indictment 
is a strong one, and Mr Jenkins believed 
it in "the over-riding public interest" 
that he publish it. Here Robin McKie 
of the Times Higher Education Supple- 
ment, Mary Lindley, Judy Redfearn and 
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UK smallpox research could continue at Porton 


The unofficial publication of the 
Shooter report by union leader Clive 
Jenkins last week is likely to produce 
swift results in Britain. The recom- 
mendation that the nation’s only re- 
maining smallpox research unit, at St 
Mary’s Hospital in London, should be 
moved to an isolated area in the 
country has already been backed by 
the local Member of Parliament, Mr 
Arthur Latham. And the head of the 
unit, Professor Keith Dumbell, ad- 
mitted that it would now be impossible 
for smallpox research to be carried out 
at St Mary's. 

However, later in the week Dr 
David Simpson, recently appointed 
director of the special pathogens unit 
at the Medical Research Establish- 
ment, Porton, told Nature that he 
would be willing to receive Professor 
Dumbell’s live smallpox virus at 
Porton. He could store it there, said 
Dr Simpson, but he did not want 
Porton to become “just rent-a-space". 
Any researcher using Porton in this 
way would be expected to use and col- 
laborate with Porton staff in research 
on the material so stored. 

Professor Dumbell, on 


the other 


hand, believes the scientific case for 
moving is arguable. “We have in our 
laboratory all the precautions that we 
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have been able to think up. The 
chances of a virus escaping are very 
much smaller than those risks to which 
we expose ourselves everyday", Pro- 
fessor Dumbell added. 

His laboratory was a purpose-built 
unit designed to cope with smallpox 
research and took two years to set up. 
The safeguards—in contrast to the in- 
adequate measures disclosed at Bir- 
mingham—include a sealed anteroom; 
effective laboratory air filtration; anti- 
septic disposable clothing; a shower 
room; and regular vaccinations. The 
move to the country would cost two 
years’ effort that could otherwise be 
used for smallpox research, he stated. 

If the smallpox laboratory at St. 
Mary's had to close it would be for 
political reasons, added the school's 
dean, Dr Harold Edwards. The move 
to the country would only serve to 
isolate the smallpox resarchers from 
colleagues involved in similar areas of 
work. And Dr Edwards warned that 
the controversy surrounding the Bir- 
mingham smallpox outbreak could 
lead to growing demands for tighter 
controls which would diminish the 
quantity of scientific research іп 
Britain. "The trouble is that increases 
in controls are not followed by the 
necessary increases in public funds. 





, | (left) and the sort of facilities at Porton (right) 
with which he could continue smallpox resear 
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Something else has to be taken out of 
research funds to achieve new safety 
standards”. 

Professor 
Professor Bedson a: 
22 virus strains including the one 
which killed Mrs Parker, admitted 
there had been a misdemeanour in- 
volved when they did not inform the 
Dangerous Pathogens Advisory Group 
(DPAG) of the transfer. He thought 
both of them had assumed the other 
had notified the group. 

Professor Bedson and Professor 
Dumbell were working on parallel 
lines of research. At Birmingham. Pro- 
fessor Bedson was using the protein 
coats of viruses as the basis of an 
identification process, while Professor 
Dumbell was attempting a similar 
technique using the DNA of viruses 

Asked if Professor Bedson could 
have carried on his work at St. Mary's 
instead of rushirg to complete it at 
Birmingham, Professor Dumbell said 
that when the World Health Organis- 
ation indicated it was to close down all 
smallpox research units in Britain, 
apart from the one at St Mary's, he 
had been asked by the researchers if he 
would provide space for them to con- 
tinue their work. “I answered that I 
was prepared tc do this" 


Dumbell, who supplied 
Birmingham with 


How the virus escaped 


Tur Birmingham smallpox laboratory 
which was the source of the infection 
which killed Mrs Janet Parker, is a 
tiny, eight-foot square room in the east 
wing of Birmingham University's 
medical school. It is surrounded by 
a larger room in which experiments on 
animal pox viruses were performed 
Both rooms ccntain equipment used in 
normal microbiological research, in- 
cluding safety cabinets with air filters, 
centrifuges and autoclaves for sterilis- 
ing gowns anc equipment 

The Shooter committee firstly found 
there was no evidence that Mrs Parker 
had ever beer in the pox virus labora- 
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tory suite and they concluded that the 
virus must therefore have escaped from 
the smallpox room. The group then 
discovered that not all smallpox work 
had been carried out inside the room's 
safety cabinet and some work with an 
aspirator to suck off fluid from cell 
cultures had been undertaken on an 
open bench. 

The principal means of transmission 
of smallpox viruses is probably by 
aerosol, in tiny droplets of fluid that 
form when a pipette is used to deliver 
drops onto a gel or whenever there is 
splashing of fluid containing the virus. 
According to Dr Mark Darlow, head 
of the safety department at the Porton 
germ warfare establishment for 25 
years, the virus is also very stable; so 
that once airborne it is a potential 
killer. An efficient air withdrawal and 
filtration system over any experiment is 
therefore essential. But many aca- 
demics still believe that "what was good 
enough for Pasteur is good enough for 
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те”, said Ог Darlow last week. 
According to the Shooter report 
‘the opening and closing of the 


smallpox room door and the passage 
.in and out by whoever was conducting 
work on the virus would have created 
the opportunity for any airborne virus 
to escape into the animal pox room". 


The consequent danger was made all 
the worse because gowns worn in the 
smallpox room were not removed on 
leaving. 

Even more seriously, the service 
ducts in the animal pox room and the 
smallpox room both had gaps which 
could allow the leakage of viruses. In 
particular, the telephone room above, 
which was connected by the duct to the 
animal pox room, was used frequently 
by Mrs Parker, when she was tele- 
phoning suppliers to order photographic 
materials. “А check of the orders 
placed by Mrs Parker during this 
period reveals that on 25 July she 
placed an unusually large number of 
orders. The relevant strain of smallpox 
virus, Abid, was being handled in the 
smallpox room on July 24 and 25”, the 
report states. 

The committee, although not certain 
by what route Mrs Parker was infected, 
concluded that escape via the service 
duct in the animal pox room was there- 
fore the most probable route of escape 
of the virus. However, the virus 
could have reached the corridor out- 
side the laboratory suite and Mrs 
Parker could have been infected when 
visiting the inquiry office or the dark- 
room at the end of the corridor. This 
was a less likely route, though, and was 
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An aerosol resulting from a bubble burst 
at a pipette tip when the last drop was 
expelled. This explains how smallpox virus 
might have escaped into the air. 


used by many other persons. 

And although they could not be 
certain about the exact route, the 
Shooter committee was certain that a 
combination of poor laboratory pro- 
cedures, amounting to a major breach 
in containment policy, was responsible 
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for the outbreak. il 


All safety nets failed, says Shooter 


The report of the Shooter inquiry into 
the causes of the smallpox outbreak in 
Birmingham last year finds fault with 
the three major organisations—the 
Dangerous Pathogens Advisory Group 
(DPAG), the World Health Organis- 
ation (WHO) and Birmingham Uni- 
versity—which were concerned іп 
some way with either running or 
monitoring the smallpox laboratory at 
the Department of Medical Micro- 
biology at Birmingham University. 


DPAG 
The Dangerous Pathogens Advisory 
Group (DPAG) exists precisely to pre- 
vent the sort of event which occurred 
at Birmingham. It was created in 1975 
in the wake of a previous outbreak of 
smallpox from a laboratory in London 
in 1973. Shortly after it came into 
being it began to formulate a code of 
practice for work with category A 
pathogens-—those recognised as the 
most dangerous—and to inspect all 
laboratories known to hold them. 

in February 1976, DPAG's inspector 
visited the Birmingham laboratory. 
During the time he was there, says the 
Shooter report, no work on smallpox 
was being done. He tested the airflow 
through the safety cabinet and then 
spent most of his visit talking to Pro- 
fessor Bedson about smallpox work. 


The Shooter report criticises the 
DPAG inspector for not finding out 
enough about the "range and extent 
of the work being done". He did not, 
says the report, "ask about work with 
tissue cultures"; neither did he ask 
about the methods of harvesting virus. 
“These points seem to us to be of con- 
siderable importance", the report goes 
on, "since one of the unsatisfactory 
features . . . was the necessity to pass 
in and out of the smallpox room dur- 
ing the course of work with smallpox 
to place cultures in the incubators and 
to use the low speed centrifuge". 

Despite the fact that the Birming- 
ham lab lacked some of the facilities 
then recommended for use with cat- 
egory A pathogens, namely an air lock, 
shower, changing facilities and double 
autoclave, the DPAG inspector recom- 
mended to DPAG that the laboratory 
be approved. He based his judgement 
on Professor Bedson's reputation as an 
"experienced and safety-conscious vi- 
rologist" and the fact that the few 
named people working on smallpox 
always did so under Bedson's super- 
vision. There was also a "highly effi- 
cient vaccination programme" in force. 

When DPAG came to discuss the 
inspector's report (it meets twice 
yearly) it felt that it could use its dis- 
cretionary powers—granted to it when 


it was created--to recommend ap- 
proval of the laboratory to the DHSS 
despite the shortcomings. It added, 
however, that “fresh clearance should 
be sought in the event of significant 
changes in staff, facilities or work 
programme". 

The committee of inquiry felt that 
the inspector’s report did not give 
DPAG sufficient information on which 
to base a recommendation. It criticises 
DPAG for not insisting on an inspec- 
tion report that compared the facilities 
and procedures with those laid out in 
its own safety code and recommends 
that in future DPAG inspectors should 
compare laboratories’ facilities against 
a detailed check list. It also criticises 
the way in which DPAG exercised its 
discretionary powers and recommends 
that in future "discretion. should be 
exercised by DPAG only if alternative 
arrangements are in force in a cat- 
egory A laboratory which are able to 
achieve a degree of safety equivalent 
to that specified in the safety code." 

Since the inspection in 1976, says the 
report, changes had taken place in the 
smallpox laboratory. Professor Bedson 
had ceased to do experiments because 
of other commitments and most of the 
work had been taken over by a PhD 
student. This had not been explained 
to the DPAG inspector. In addition 
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St Mary's Hospital, London which houses 
the UK's only smallpox laboratory. 


the volume of work increased. Twenty 
two additional strains of variola virus 
were delivered to the laboratory in 
early 1978. 

DPAG, says the report, was notified 
of none of these changes. The. report 
therefore recommends that as well as 
notifying DHSS of any changes, cat- 
egory A laboratories should be re- 
viewed annually. It also suggests that 
notification of intention to hold cat- 
egory A pathogens should be com- 
pulsory and that DPAG should start 
inspecting all other category A lab- 
oratories immediately. Finally, it says, 
the need to work with variola virus in 
the UK should be reviewed. If it is 
decided that work should go on, then, 
the report recommends, the one re- 
maining laboratory in the UK holding 


the virus, at St. Mary's Hospital, 
London, should be moved into the 
country. 


Birmingham University 

Birmingham University and the De- 
partment of Medical Microbiology 
both had safety policies at the time of 
the smallpox outbreak which should 
have had some influence on the way 
research on smallpox was conducted. 
The committee of inquiry found, how- 
ever, that there was no “effective 
system of determining whether both 

. Safety policies were being regularly 
implemented", 

The responsibility of putting the 
safety codes into practice rested with 
Professor Bedson as head of depart- 
ment, Responsibility for formulating 
the safety code specific to micro- 
biological research, however, rested 
with the committee for the control of 
pathogenic organisms and infectious 





materials (CCPOIM), a subcommittee 
of the university's central safety com- 
mittee, whose members came solely 
from the academic staff. 

Since the inspection of all depart- 
ments working with microorganisms by 
CCPOIM in 1975 there had been no 
further inspections, says the report. It 
therefore recommends that ‘expert 
safety inspections” should be carried 
out regularly. It also suggests that a 
head of department should not be a 
“member of the team that inspects his 
own department” (in 1975, Professor 
Bedson’s had been one of the inspect- 
ing team), and that the membership of 
the CCPOIM be extended to include 
members of the non-academic uni- 
versity staff. 

The committee of inquiry also found 
the experience of the staff working in 
the smallpox laboratory lacking. Apart 
from a technician who had worked 
with smallpox for 11 years and had 
been trained by Professor Bedson, the 
other people working on smallpox were 
a former PhD student, who joined 
the laboratory in 1974, and a trainee 
technician who had been working at 
the lab for about a year. “As far as we 
know”, says the report, the former 
PhD student “was never formally 
trained in the special precautions re- 
quired for work with smallpox 
viruses”, The trainee technician, who 
joined the lab straight after leaving 
school, had apparently started working 
with smallpox virus “only nine months 
after she had joined the laboratory”. 

The report says that this state of 
affairs was inadequate. It recommends 
that the university review its policy 
for instructing staff in laboratory tech- 
niques and safety precautions and that 
it ensures that “the staff are not per- 
mitted to carry out such work without 
appropriate . . . supervision". 


WHO 

The WHO had been corresponding 
with Professor Bedson about safety 
without the knowledge of either the 
Birmingham University authorities or 
the DHSS. 

"It | is anomalous”, says (һе 
report, “that though WHO had de- 
cided the work could not be supported 
after the end of 1978 this was not 
communicated to DHSS or the uni- 
versity". It recommends that in future 
“institutions should ensure that all 
dealings with outside bodies concern- 
ing work with safety implications in 
their departments are monitored by 
the central administration. . ." Its 
recommendation to the WHO is that it 
should “maintain a closer liaison with 
the responsible government authority 
regarding its dealings with category A 
pathogen laboratories and in particular 
with regard to the safety of those 
laboratories". e 
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WHO had 
serious doubts 
on safety in 
smallpox lab 


WHEN Mrs Parker contracted small- 
pox, Professor Bedson and his re- 
searchers at Birmingham were working 
under considerable pressure. They 
wanted to complete their programme 
of research on smallpox virus by the 
end of 1978 when their laboratory was 
due to close. 

The 1978 deadline for the com- 
pletion of the smallpox work had been 
decided in 1977 when the World 
Health Organisation (WHO) informed 
Bedson that his laboratory had not 
been chosen as a WHO Collaborating 
Centre for Poxvirus Research. “И was 
felt", said the WHO in its letter to 
Bedson on 16 September, 1977 inform- 
ing him of its decision, “that... the 
creation of another official centre 
would give the impression that WHO 
is itself increasing the danger of lab- 
oratory accidents. ..." In spite of this 
decision, however, the WHO went on 
to say that the work at Birmingham 
was "extremely important and should 
be supported". It promised Bedson a 
$7,500 grant for 1977, 

In his reply of 4 October, Bedson 
described the news that his laboratory 
was not to become a collaborating 
centre as “а bit of a bombshell”. The 
policy of the UK Department of 
Health and Social Security (DHSS) 
was that smallpox research in the UK 
should only go on in officia] WHO 
centres. The implication, therefore, 
was that Bedson's lab would have to 
close. This would mean that the work 
would now have to be done on a 
shortened timescale, wrote Bedson. "If 
pressed for a date", he went on, “I 
would have thought that we should 
aim to complete our studies with small- 
pox/whitepox viruses by the end of 
1978". 

After the WHO's response of 18 
October agreeing tc Bedson’s plan 
there was a pause ir correspondence 
until late February 1978. From then 
until 24 August, the day Mrs Parker's 
illness was diagnosed. all correspon- 
dence concerned the visit by WHO 
inspectors to the Birmingham lab- 
oratory on 4 May. 

Before the visit took place, Bedson 
was eager to point out that the 
Birmingham facilities in no way 
matched those set out for the WHO's 
definitive smallpox labs. "It would be 
expensive and very costly in time", he 
wrote on 31 March, “if we were to try 
and establish such a laboratory and 
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quite unjustified in view of our pro- 
jected halt to the smallpox/whitepox 
work at the end of the year". Dr L 
Arita, chief of the WHO's Smallpox 
Eradication Unit in Geneva, assured 
Bedson that the expected benefit of his 
study “far exceeded the minimal risk” 
currently present in his laboratory and 
that the visiting team would under- 
stand his situation. 

'The three inspectors, however, were 
very critical of the safety precautions 
taken at the laboratory. They recom- 
mended that all mouth pipetting be 
prohibited, that back fastening gowns 
which would remain in the laboratory 
be worn, that hypochlorite solution be 
used as a permanent barrier in sinks 
and that gloves be worn for all work 
with infectious materiads. 

On 2 June Bedson replied to these 
criticisms. He accepted the suggestions 
concerning the use of hypochlorite 
solution and the wearing of gloves but 
argued that mouth-pipetting had not 
been used with smallpox for ten years. 
The WHO team had observed a 'tem- 


Bedson's concern: could smallpox 


Rirr valley fever is a cattle disease 
with a mortality rate of 80%. It is 
endemic in Egypt and recently has 
begun to affect man. The Egyptian 
authorities estimate that 18,000 people 
have so far caught the disease but, 


according to Professor Arie Zucker- 


man of the London School of Hygiene 
and Tropical Medicine (LSHTM), a 
team from the school which recently 
visited Egypt puts the number at 
nearer 200,000. Without э suitable 
facilities for diagnosis and research, 
says Professor Zuckerman, it would be 
difficult to see how the spread of Rift 
valley fever could be prevented in 
Europe once the disease had crossed 
the Suez canal. 

The situation with other diseases is 
similar. Early diagnosis of rabies or 
new diseases such as lassa fever or 
Marburg disease means that they can 
be contained. Having suitable research 
facilities means that vaccine and treat- 
ment can be developed in case of an 
outbreak. 

Research is also important, how- 
ever, for predicting new diseases, In 


the case of smallpox, for example, 


eradication was possible because of the 
existence of a very effective vaccine 
and because it appears to have no 
animal reservok or insect vector. What 
worries microbiologists now, however, 
is that poxviruses very similar to the 
smallpox virus which currently affect 
only animals may begin to affect 
humans. Research on the similarities 
between different poxviruses and their 
relationship to smallpox might there- 
fore indicate how likely thís is. 
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porary aberration’ which would not 
happen again whereby. mouth-pipetting 
was used in connection with an animal 
poxvirus He also argued that back 
fastening gowns were used in tbe 
smallpox lab and not in the animal 
pox lab: so that they could be dis 
tinguished. 

One inspector, however, was not 
satisfied He was concerned about the 
lack of a shower, the lack of secondary 
containment in the animal poxvirus 
lab where smallpox viruses were stored 
and the performance and maintainence 
of the biological safety cabinet in the 
smallpox room. He recommended that 
the laboratory be upgraded to meet the 
WHO standards or “discontinue work 
with variola at the earliest possible 
date". - : 

The next letter Bedson wrote was on 
24 August when he returned from 
holiday. Later that day he was to find 
brick-shaped particles characteristic of 
poxviruses in vesicle fluid specimens 
from Mrs Parker but at the time he 
wrote the letter smallpox had not been 


The first poxvirus to be identified in 
a non-human primate was monkeypox 
virus which was isolated in 1958. Since 
then it has been isolated from non- 
human primates on several occasions 
and has been responsible for about 30 
cases of human monkeypox in West 
and Central Africa between 1970 and 
1978. Fortunately the spread of human 
monkeypox from man to man is 
extremely rare. 

Another poxvirus very closely 
related to smallpox is whitepox. It was 
first isolated from the kidneys of 
cynomolgus monkeys in 1964 and it is 
still impossible to distinguish it from 
smallpox virus by laboratory tests. 

The work at Birmingham centred on 
the identification and differentiation of 
poxviruses. Early work had tried to 
distinguish viruses by looking at the 
enzymes they produce. More recent 
work, however, had used a technique 
called polyacrylamide gel electro- 
phoresis (PAGE) to separate out the 
polypeptide constituents of viruses and 
then compare them. : 

By mid-1978 the Birmingham team 
had completed comparisons of 41 
different poxviruses using PAGE 
techniques. It had found that all but 
three could be put into one of four 
basic categories. The smallpox /white- 
pox category of viruses could be sub- 
divided into types A and B. When a 
report of the findings was written for 
the WHO much more work was 
planned on the differentiation of types 
A and B smallpox viruses. Most of the 
B viruses seemed to be of Middle 
Eastern or Pakistani origin whereas the 
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diagnosed. ‘There is no question", he 
wrote, “of our being able to upgrade 
our facilities to meet the full WHO 
standards and we are therefore pro- 
ceeding with our plans to complete our 
studies with varola/whitepox virus by 
the end of this year". 

What Bedson seems to ‘have never 
mentioned in any of his correspon- 
dence was that the amount of smallpox 
work in his lab had actually increased 
substantially. In his letter of 2 June, 
he even says that there had been “a 
progressive decline in the scale and 
diversity of our operations, particularly 
since 1973". The Shooter inquiry 
found otherwise. In particular shortly 
after Bedson wrote this letter the rate 
of work increased even more as work 
began on 22 variola strains received 
from St. Mary’s Hospital, London, on 
26 May. Dr Mary Darlow, ex-safety 
officer of the Porton germ warfare 
establishment, commented last week: 
“Bedson knew he was backing a lame 
horse and that it would stumble sooner 
or later. It stumbled sooner". o 


re-emerge? 

A viruses had mainly originated in 
Africa. Whitepox viruses were also 
found to subdivide into types A and B, 
the B type originating in Asia and the 
A type in Africa. “This supports the 
view”, said the report “that these 
(whitepox viruses) must be regarded as 
smallpox viruses". 

After the extensive study of small- 
pox/whitepox viruses which was to 
have finished at the end of 1978, the 
Birmingham laboratory was planning 
to continue its study of animal pox 
viruses Minor differences had been 
observed between some of the cowpox- 
like viruses and some of the monkey- 
pox-like viruses, said the report, and 
those should be the subject of further 
study. 
© The WHO says that to the best of 
its knowledge the only laboratories 
holding smallpox viruses are the 
following National Institute for 
Virology, South Africa; Centre for 
Disease Control, Atlanta, USA; 
American Type Culture Collection, 
New York, USA; Walter Reed Army 
Institute of Research, Washington, 
USA; Bayerische Landesimpfanstalt, 
Munich, West Germany; Institut fur 
Schiffs und Tropenkrankheiten, Ham- 
burg, West Germany; Rijks Institut 
voor de Volksgezondheid, Bilthoven, 
Netherlands; Laboratory of Smallpox 
Prophylaxis, Research Institute of 
Viral Preparations, Moscow, USSR; 
Virology Department, St Mary’s Hos- 
pital Medical School, London, UK; 
Institute for Control of Drugs and 
Biological Products, Peking, China. 
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Health in the laboratory 


кой more than 20 years both govern- 
ment and unions have been concerned 
about standards of safety in British 
laboratories and the health of people 
working in them. The first major 
stimulus came in 1957 when D. D. 
Reid, of the London School of 
Hygiene and ‘Tropical Medicine 
(LSHTM), reported that the incidence 
of tuberculosis among medical lab- 
oratory workers was higher than ex- 
pected. As a result, a working party of 
the Public Health Laboratory Service 
(PHLS) made recommendations for 
safe working in laboratories handling 
tuberculous material. These were re- 
vised in 1968, but adverse reports con- 
tinued to appear sporadically, and in 
1970 the Department of Health and 
Social Security (DHSS) commissioned 
a full investigation from the Trades 
Union Congress (TUC) Centennial 
Institute of Occupational Health at 
LSHTM. This was carried out between 
1971 and 1974 and the full report 
results appeared as a thesis in 1975. As 
far as the author is aware, the DHSS 
has done no more than file the report. 

The investigation included retro- 
spective surveys of the incidence of 
four infectious diseases and the stan- 
dards of health care and safety in the 
laboratories of the National Health 
Service (NHS, consisting of hospital 
laboratories), the National Blood 
Transfusion Service and the PHLS 
(Harrington, J. M., & Shannon, H. S. 
Brit. Med. J. 1, 759; 1976). The sur- 
veys involved 24,000 workers, consti- 
tuting 85% of the total in those 
laboratories. The results for the infec- 
tious diseases are summarised in 
Table 1. 

The totals for tuberculosis in Eng- 
land and Wales and in Scotland re- 
presented, respectively, a 5.4 and a 42 
times greater risk of acquiring the 
disease among ldboratory workers than 
the general population. It was not pos- 
sible to make a similar assessment for 
the other infections, but the conclu- 
sion was that hepatitis possibly 
remained an occupational hazard for 
laboratory workers, while shigellosis 
may have been more prevalent among 
them than among the general popula- 


tion. All four diseases seemed most 
likely to afflict technicians 

Variable standards of safety and 
health care were reported (Harrington, 
J. M. & Shannon, H. S. Brit. med. J. 
1, 626; 1977). Less than half of the 
laboratory workers had been examined 
medically before employment and a 
similarly small proportion had been 
offered vaccination. The length of 
service of the workers indicated that 
the standards had not improved during 
the previous 10 years and had probably 
deteriorated Scottish laboratories 
proved to have a slightly better record 
in safety control then their English 
and Welsh counterparts, and PHLS 
laboratories did better than those of 
the NHS, providing more formal 
safety training. 

Mouth pipetting was still being prac- 
tised in 65% of: English and Welsh 
laboratories and 28% of Scottish 
laboratories. Although protective cloth- 
ing was usually available, its use was 
compulsory in only one third of Eng- 
lish and Welsh laboratories and two- 
thirds of Scottish laboratories, even 
when procedures involved were known 
to be hazardous. The servicing of 
safety cabinets was inadequate in two- 
thirds of Scottish laboratories and 40% 
of English and Welsh laboratories, and 
known carcinogens were still being 
used in a small proportion of labora- 
tories. 

Another phase of the investigation 
involved a prospective survey of acci- 
dents and absence from work due to 
illness in 10% of the laboratories sur- 
veyed previously (Harrington, J. M. 
MD thesis Univ. London, 1975). Bet- 
ween April 1973 and March 1974 re- 
cords were kept for 2,520 workers in 
39 laboratories. Absence was generally 
lower than in other British industries. 
The only possible sign of a link with 
occupational hazards was provided by 
infectious and parasitic diseases, which 
constituted the chief cause of absence. 

During this phase of the investiga- 
tion 627 accidents caused injury in the 
39 laboratories and one in four of the 
workers was affected. Technicians— 
64% of the population—suffered 76% 
of the injuries, including all nine of 


ee ÁÁÁÁÉÁÉÉ NE 
Table 1 Infectious diseases in laboratory workers in England and Wales in 1971 and 
Scotland in 1973. 


Infection Medical Scientific 
staff staff 
Tuberculosis 1 (1) 1 
Hepatitis 2(1) 1 
Shigellosis 1 30) 
Brucellosis 


Figures for Scotland are in (in parentie. 


Technical Other Total 
staff 
14 (2) 2 18 (3) 
27 (2) 5 35 (3) 
29 (7 . 4 37 (8) 
1 = 1 
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those due to mouth pipetting. The 
most common injuries among all 
groups of laboratory workers were 
lacerations, splashes and burns to the 
hands or eyes, most of them relatively 
trivial 

The remaining phase of the investi- 
gation was a retrospective study of 
mortality among 156 pathologists 
(dying between 1955 and 1973) and 154 
medical laboratory technicians (dying 
between 1963 and 1973) (Harrington, 
J. M. & Shannon, H. S. Brit. med. J. 
4, 329; 1975). Both populations experi- 
enced lower mortality than the general 
population, as would be expected be- 
cause any occupational group is likely 
to be healthier than the whole popula- 
tion. 

The only examples of higher incid- 
ence among the laboratory populations 
were for lympboma and leukaemia, 
which killed eight male English patho- 
logists compared with the expected 3.3, 
and suicide which in England and 
Wales was the cguse of death in nine 
male pathologists. compared with the 
expected 3.4, and nine male and six 
female technicians, compared with the 
expected 4.7 and 1.5, respectively. 
Suicide proved to be the commonest 
cause of death among EngHsh female 
technicians. Their easy access to poiso- 
nous chemicals was thought to be the 
most likely explanntion. C] 





Category A laboratories 


Laboratories approved by the Dangerous 
Pathogens Advisory € m to hold specific 
Category A irer E ) ae 
at December 


Department of Microbiology 
University of Reading (Rabies) 
Central Public Health. Laboratory 
Colindale (Rabies) 

Central Veterinary Laboratory 
Weybridge, Surrey (Rabies) 

Evans Biologists Ltd 

Liverpool (Rabies) 

Animal Virus Research Institute 
Pirbright (Rabies) 
Lister Institute 
Elstree (Rabies) 
Institute of Virology 
University of Glasgow (Rabies) 
Microbiol Research Establishment 
poron Wilts. i 


кыы. fever (Congo), 
Venezuelan equine encephalitis, Ebola) 

London School of Hygiene and 
Tropical Medicine 

Winches Farm, St Albans (Crimean 
haemorrhagic fever (Congo), Venezuelan 
equine encephalitis) 

Department of Virology 

St Mary's Hospital Medical School 

London (Smallpox) 

Wellcome Research Laboratories Ltd 

Beckenham, Kent (Rabies) 
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American Association for the Advancement of Science meeting in Houston, Texas. 





Reports by David Dickson 





AAAS president calls for 
closer university/industry links 


With US industry under pressure to 
remain competitive, and universities 
facing problems in securing research 
support from conventional sources, the 
time has come for a closer relationship 
between the two, according to Dr 
Edward David, president of the 
American Association for the Advance- 
ment of Science. 

Close links between the industrial 
and academic communities could help 
to preserve important features of the 
research system: а pluralism of 
funding sources, leading to greater 
local autonomy in the conduct of 
research and development programmes; 
a more competitive environment, based 
on technical excellence; and a 
dependence on "high achievers” able 


US to brief scientists 
on human rights 


Tue US State Department is preparing 
briefing materials for scientists and 
others who participate in official ex- 
changes, describing the goals and 
objectives of the US human rights 
policy, and responding to questions 
about the legality and safety of acti- 
vities in defence of colleagues abroad. 

Mrs Roberta Cohen, of the Depart- 
ment's Bureau of Human Rights and 
Humanitarian Affairs, told a session 
on international freedom and respon- 
sibility that US Government agencies 
and representatives had been  in- 
structed not to discourage or prohibit 
exchange participants from contacting 
private Soviet citizens. “We in the 
Bureau of. Human Rights take it as an 
obligation of the Government to cor- 
rect any wrong impression created that 
it is seeking to discourage scientists on 
exchange programmes from efforts to 
defend foreign colleagues," she said. 

The Government asked only that 
contacts of potential sensitivity, par- 
ticularly in tense periods, be discussed 
in advance with Administration offi- 
cials, “in order to ensure that 
American scientists involved have full 
information assessing the potential 
risks". 

A blanket halt to exchanges had dis- 
tinct disadvantages, ranging from a 
reduction in the exchange of ideas to 
raising the spectre of Government 
interference. Boycotts of meetings were 
not likely to be as productive as par- 
ticipating and expressing human rights 
concerns, she said. 
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to provide scientific leadership. 

If basic research was defined not as 
research carried out with no par- 
ticular goal in mind, but rather as any 
research leading to a greater under- 
standing of natural and social pro- 
cesses, regardless of the motive, then 
the amount of such research being 
carried out by industry was larger 
than current definitions indicated. 
Industry had also widened its research 
interests beyond just improving the 
technology of production lines. “Today 
there is a much broader point of view, 
ranging from the sociology of cus- 
tomers, to research on the R&D 
process itself." Industrial research was 
increasingly using the basic research 
paradigm in forwarding its function, 





and it would not be incompatible to 
couple this directly with academic 
interests. 

In the 1950s and 1960s, industry 
support for university research had 
been primarily philanthropic in nature. 
Now a number of companies were 
exploring ways of setting up long-term 
cooperative arrangements with univer- 
sities. "Ten years from now I expect to 


see а vigorous community of 
industrial/academic scientists, with 
academics providing the ideas and 


industry providing the vehicle for their 
commercialisation. This will certainly 
be an improvement on the situation 
that we have now. And it will be more 
in keeping with the situation facing 
both sides in the 1980s." tj 


Rethink for research funding 


A LARGE proportion of federal funds 
for university research should be dis- 
tributed to institutions on a “formula” 
basis calculated on proven capability 
and productivity. Such a “deregulated 
and decentralised" system for research 
grants would avoid much of the un- 
necessary work involved in the current 
grant - proposal/peer- review process, 
Professor Rustum Roy, chairman of 
the science, technology and society 
programme at Pennsylvania State Uni- 
versity, told a session on federal re- 
search and development funding. He 
also suggested a three-year national 
commission to set national priorities 
in research and development, with a 
strong. input from the scientific and 
engineering community. 

Professor Roy said existing research 
and development mechanisms were 
designed for the “golden age" of 
science in the 1950s and early 1960s, 
but were no longer appropriate. The 
new social setting for R and D in- 
cluded: public recognition of the 
“ambivalence” of science and tech- 
nology. rather than seeing either as 
solely beneficial; widening gap between 
science and the public; a recognition 
that there is no simple relationship 
between support for basic science and 
a healthy economy; and the fact that 
the system had not led to maximum 
innovation in the industrial sector. 

The problem lay not so much in get- 
ting more money for basic science— 
"possibly the least important question” 
—as in designing a more efficient sys- 
tem for the disbursal of funds, where 


radical changes could produce a major 
increase in productivity. 

A clearly stated rationale for the 
support of science was also needed. 
Most important would be contributions 
to nationally-defined objectives such as 
defence, health and energy; then would 
follow science for graduate education, 
science for state, community and local 
needs, and finally "science for science’s 
sake". Congressman George E. Brown, 
a leading member of the House of 
Representatives Committee on Science 
and Technology, pleaded for a more 
sophisticated strategic planning opera- 
tion for the national scientific effort. 

“It is impossible to develop a new 
rationale for the support of science 
and better mechanisms for carrying 
this out without a strong and well- 
defined central planning authority in 
the scientific sphere," he said. Some 
members of Congress had hoped that 
this role would be played by the Presi- 
dent’s Office of Science and Tech- 
nology Policy when it was reestablished 
in 1976. However, many of the policy 
and planning tasks envisioned for 
OSTP had gone to other offices further 
from the executive centre. 

Another need was to develop 
mutually reinforcing networks of re- 
search institutions. "The capabilities 
of various federal, state and local lab- 
oratories must be better linked, both 
in terms of facilities and people. Only 
when we have taken such moves can 
we persuade the public and Congress 
that critical gaps in research remain 
and are in need of support." Cc 
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Assessment of cancer. risks 


comes under attack 


EXTRAPOLATING downwards from the 
effects of exposure to high levels of 
lonising radiation is an inadequate 
basis for predicting the dose-response 
relationship for the incidence of cancer 
at low levels of exposure, according to 
Dr Alice Stewart, of the Department 
of Social Medicine at Birmingham 
University, England. Such extrapola- 
tion would only be valid if cancer was 
the sole effect of radiation. However 
there were other indirect effects which 
would be hidden by the high-dose data, 
but which would make a linear dose- 
response relationship untenable, Dr 
Stewart told a session on epidemiology 
studies of low-level radiation exposure. 

Recent analysis of medical data 
collected on workers at the US Govern- 
ment’s nuclear facilities at Hanford 
in Washington State, and therefore 
based solely on low levels of exposure, 
indicated that a curvilinear model for 
the dose-response relationship was 
better than a linear model. The best 
fit was given by a curve in which the 


response was proportional to the square . 


root of the dosé. 

От Stewart sald medical considera- 
tions raised questions about using data 
based'on survivors of the atomic bomb 
‘explosions at Hiroshima and Nagasaki 
as-a basis for predicting the .effects of 
low-level exposure to ionising radiation. 
"Claims that the mortality of A-bomb 


survivors between 1950 and 1974 from 
diseases other than cancer is unrelated 
to ionising radiation gave a false 
impression. This was due partly to the 
fact that direct and indirect effects of 
radiation delivered at high dose-rates 
had similar consequences, and partly 
to the ease with which other diseases 


.could prevent cancer induction by 


radiation—or other carcinogens--from 
developing into clinical cancer". 

Prevention at this stage was usually 
the result of a non-cancer death co- 
inciding with' a period of. cancer 
latency. “Optimal conditions for 
observing cancer effeots of radiation 
are therefore those which combined 
low rates of general mortality with 
small doses of radiation delivered at 
slow dose rates.” 

Dr Stewart said that these were 
the conditions surrounding data col- 
lected by Dr Thomas Mancuso, of the 
University of Pittsburgh, on the health 
of workers at the Hanford plant, 
which have recently caused consider- 
able controversy by raising serious 


‘doubts about the adequacy of current 


protection measures 
Mr George Kneale, a Birmingham 


University statisticlan. who has been. 
helping Dr Stewart to analyse Dr: 


Mancuso's results, told the session that 
the most recent analysis of the data 
provided a  doubling-dose for the 


Meanwhile, back in Washington .. 
DNA critics appointed to advisory committee 





Two active participants in recent 
debates over the adequacy of guidelines 
for research using recombinant DNA 
techniques have been appointed to the 
committee responsible for advising the 
director of the National Institutes of 
Health on a number of паран 
aspects of such research 

The two—Dr Richard Goldstein, 
assistant professor of microbiology and 
molecular genetics at Harvard Medical 
School, and Dr Sheldon Krimsky, 
acting director of the program іп 
urban, social and environmental policy 
at Tufts University—are among 14 new 
members appointed to the Department 
of Health, Education and Welfare’s 
Recombinant DNA Advisory Com- 
mittee by HEW Secretary Joseph A. 
Califano. 

The appointments follow Mr Cali- 
fano’s announcement last month of a 


number of changes to existing arrange-. 


ments for regulating recombinant 
DNA research. The advisory com- 
mittee is responsible for giving advice 
on new types of bacteria for use in 
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_such research, 


on whether certain 
presently prohibited experiments 
should be conducted, whether ad- 
ditional categories of research should 
be exempted from the guidelines, and 
on possible future changes in the 
guidelines. 

Mr Califano also announced that 
the size of the advisory committee was 
to be increased to 25, and that the 
scope of its membership wes to be ex- 
tended to give greater weight to non- 
scientific representation. The new 
members of the committee include a 
professor of education, a professor of 
law, a prominent environmentalist and 
a laboratory technician. 

In addition to Dr Goldstein and Dr 
Krimsky, the new members include: 
Dr Karim Ahmed, senior staff scientist 
with the Natural Resources Defense 
Council; Zelma Cason, chief of cyto- 
technology in the department of cyto- 
logy at the University of Mississippi 
Medical Center; Patricia King, pro- 
fessor of law at Georgetown Univer- 
sity Law Center in Washington; Dr 
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.incidence of radiation-linked cancers 


of between 2 and 150 rads, whereas 
calculations based on a linear extra- 
polation from data on A-bomb sur- 
vivors indicated a doubling-dose of 
between 150 and 200 rads. “On 
internal evidence the Hanford survey 
rejects the possibility that the true risk 
may be as low as # seems from the 
A-bomb survivors, but we cannot say 
precisely what the true risk is, apart 
from the fact that it appears to be 
higher at low doses than extrapolation 
downwards from high doses would 
indicate." 

Doubts about the validity of con- 
clusions of epidemiological surveys 
based on relatively small sample data 
were raised by Dr Charles E. Land, of 
the National Cancer Institute's 
environmental epidemiology branch. 
Dr Land warned that an inadequate 
sample size severely reduced the 
chances of correctly rejecting a false 
hypothesis of no dose effect at low 
levels of exposure. ‘“FaHure to reject 
is not strong evidence for the null 
hypothesis, so the. study: results are ` 
likely to be inconclusive—a wasted 
effort”, he said. 

“We do not have the resources for 
adequate epidemiological studies of 
populations exposed to low levels of 
radiation, and if we should try to do 
them anyway we would run consider- 
able risk of obtaining misleading 
results, results that would derive at 
least some credibility from the vast 
effort of obtaining them," he said. O 


Samuel Proctor, professor of education 
at Rutgers University; and Ray Thorn- 
ton, retiring member of the US House 
of Representatives and chairman of the 
House subcommittee on science, re- 
search and technology in the last 
Congress. 

The new scientific and medical 
members are: Dr David Baltimore, 
(MIT); Dr Francis Broadbent (Univer- 
sity of California, Davis); Dr Richard 
Novick (New York Public Health Re- 
search Institute); Dr David Parkinson, 
(University of Pittsburgh); Dr Damon 
Pinon, (University of California); Dr 
Luther Williams (Purdue University); 
and Dr Frank Young (University of 
Rochester). 

There is thought to have been con- 
siderable controversy over some of the 
other names of “public interest" 
representatives suggested for possible 
membership of the cammittee, par- 
ticularly since some scientists involved 
in the research felt that too large a 
non-technical component might im- 
pede the committee's functioning 0 
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news in brief 


Engine failure threatens further delay to space shuttle: An 
engine failure during testing is threatening further delays 
to the maiden flight of the US National Aeronautics and 
Space Administration’s space shuttle (artist’s impression 
below), currently scheduled for 28 September. The failure 
occurred during tests two weeks ago near St. Louis, Mis- 
souri, when a fire in the high pressure turbo-pump that 
feeds oxygen into the combustion chamber caused the 
engine to explode. 

Space shuttle's initial flight has already been postponed 
from March following other problems in the engine devel- 
opment programme, and the delays have added extra costs 
to the programme. According to NASA, the test engine 
was heavily damaged in the explosion, and it is expected 
that it will take three to four weeks to repair the test 
stand. It is not yet known whether the engine failure will 
affect the current launching schedule. The agency issued a 
statement last week saying that an assessment of the impact 
to the engine test programme and to the first flight schedule 
was now being made. 





Argon isotope ratio on Venus differs from Earth: Data 
from the latest Soviet Venus probes, Уепега-11 and -12, 
which reached the planet at the end of December 
“astounded everyone"— according to a report from the 
flight control centre, broadcast a few hours after the secorid 
descent module had landed. The surprising result, it appears, 
was the unexpectedly high ratio of А to А in the atmos- 
phere--some 200-300 times higher than the ratio of argon 
isotopes in the terrestrial atmosphere. 

Perhaps the most surprising thing about the result, how- 
ever, is that this value is a close confirmation of the result 
obtained by the latest US probe which reached Venus some 
three weeks before the Soviet modules. If the flight control 
centre was indeed "astounded", this surely reflects on the 
rate at which the Soviet team get access to the data from 
US missions—a point which could well be taken up in any 
future discussions of peaceful cooperation in space research. 

According to the US researchers, the new data suggests 
a two-stage accretion process of planet forming. Professor 
Zolotukhin, Deputy Director of the Space Research Institute 
of the Soviet Academy of Sciences, seems to confirm this 
view, saying that the Venus argon ratio is "important for 
the study of the evolution of the planet". 

A more popular report from the flight control centre, 
however, took a somewhat different line. According to 
commentator Nikolai Zheleznov, the argon value, taken 
in conjunction with the high surface temperature and dense 
atmosphere, suggests that the process of chemical evolution 
of the substances comprising the planet was “lengthened”, 
thereby making the "paths of development" of Earth and 
Venus “diverge”. 


UK scientist wins redundancy pay: A cell biologist has won 
£400 redundancy pay from his former employer, the 
Imperial Cancer Research Fund. The ICRF has a clause in 
its contracts of employment for untenured staff which states 
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that they waive their rights to redundancy payment. 
Redundancy claims therefore are complicated and must be 
based on technicalities in the law. In this case the contract 
was for one year. The waiver clause is invalid for contracts 
of less than two years. The ICRF could have argued that 
the scientist’s employment, consisting of one two-year 
contract and two one-year contracts, constituted more than 
two years total employment but decided not to contest the 
claim. Workers under age 41 are entitled to one week's pay 
for each year of employment not exceeding £100 per week. 
Of the ICRF’s 128 scientific staff 40% are tenured, 15% 
on limited-term contracts are eligible for tenure and 45% 
are employed on non-renewable fellowships. 


Sun powered telephones in Jordan: Over 80 solar powered 
telephones have been installed along Jordan's roads to 
provide motorists with an emergency telephone service. At 
the top of each telephone pole is a plate of solar cells which 
convert sunlight into an electric current that charges a 
storage battery of 36-hour capacity. The telephone is con- 
nected to a UHF transmitter powerful enough to reach the 
nearest microwave installation. Each telephone is equipped 
with a series of push buttons marked for the type of 
emergency service needed. At the push of a button the 
corresponding signal is relayed to an operator at one of 
three central exchanges. The system is especially designed 
for foreign speakers but a receiver is available for voice 
communication. 


Saudi Arabia creates a new science and technology centre: 
The Kingdom of Saudi Arabia has announced the formation 
of an independent Saudi National Centre of Science and 
Technology. The centre will be responsible for support of 
scientific research and for coordination of existing 
scientific agencies in accordance with Saudi Arabian 
Development Plans. The brief of the new centre includes 
starting special research laboratories appropriate to the 
research needs of the kingdom, assistance to the private 
sector for research into increasing industrial and agricultural 
production, and support for specific research projects in- 
cluding grants to develop local skills for scientific research. 

The centre is to seek joint projects with international 
scientific agencies and to propose a detailed plan "to realise 
the kingdom's objectives in technological fields". The local 
scientific community has welcomed the centre as an 
important part of Saudi Arabian social and economic 
development. 


EEC announces fusion programme for 1979-1983: The total 
cost of the 1979-83 fusion programme proposed by the 
European Commission is 921 million European units of 
account (1 EUA — $1.3). Of this sum 185 million EUA is 
scheduled for the Joint European Torus (JET) of which 
80% will be paid by the commission. The remaining 736 
million EUA will be spent over the next five years on the 
rest of the EEC's fusion programme which includes research 
on Tokamaks, new plasma heating systems, inertial con- 
finement, tritium technology and materials research. 

Already 70% of the contracts have been placed for the 
fabrication of the machine parts of JET. In February the 
first stone will be laid for its building in Culham near 
Oxford. Construction of the machine itself will begin in 
1981 and is expected to be finished by 1983 when the first 
tests can begin. JET is to be built with the participation 
of all nine community countries plus Sweden and (shortly) 
Switzerland. After a three-year struggle, the Council of 
Ministers decided in May 1978 to site the machine in the 
UK at Culham. 
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news and views - 





Amorphous silicon: where now? 


from S. R. Elliott 


Ong of the more extensively studied 
materials in solid-state research at 
present, certainly in .the field of 
amorphous semiconductors, igs the 
amorphous silicon-hydrogen alloy sys- 
tem. Upward of 30 laboratories around 
the world: are now working on these 
materials The reasons for all this 
activity are, of course, not hard to 
discern; they are principally its photo- 
voltaic properties and their possible ex- 
ploitation in solar energy conversion 
(see for example News and: Views 275, 
93; 1978). The attraction Hes chiefly in 
the fact that large area, thin film solar 
cells could be made relatively cheaply 
(particularly compared with conven- 
tional single crystal devices). However, 
at present amorphous devices can man- 
age at best опу 26% conversion 
efficiency (in contrast to crystalline Si 
devices that reach 16%), and it 
‘seems that such limitations could be 
inherent to the process which is 
currently used to produce these amor- 
phous silicon (a-Si) films. 

Spear and his co-workers at the Uni- 
versity of Dundee announced in 1975 
that by producing a-Si films by means 
of the decomposition of silane (SiH. 
using an r.f. glow-discharge, doping 
could easily be achieved by admitting 
phosphine (PH3) or diborane (Bus) to 
the gas flow producing samples which 
were n-type (the majority current 
carriers being electrons) or p-type (the 
majority carrlers being holes), respec- 
tively. This offered many prospective 
applications using for example p-n 
junctions, and was a very significant 
advance over previous methods of pro- 
ducing a-Si (by vacuum evaporation or 
sputtering in argon), in which doping 
was not achieved: upon incorporation 
of the appropriate impurities. The 
broken (or dangling) bonds introduced 
in large densities (= 10% cm™) by these 
latter preparative techniques give rise 
to electron states lying deep within the 
forbidden energy gap between valence 





$. R. Elliot was formerly at the Royal 
Signals and Radar Establishment, 
Malvern, and is now at the Cavendish 
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and conduction bands, which can trap 
any excess carriers introduced by 
dopant atoms, Indeed, these. defect 
states control to a very large extent 
much of the electronic behaviour of 
such films 

Studies by Fritzsche (University of 
Chicago) and Brodsky (at IBM) and 
others have indicated that a relatively 
high concentration of hydrogen 
(= 5-10at.%, sometimes more) re- 
mains within the films prepared by 
glow-discharge decomposition, a finding 
not altogether surprising in view of the 
fact that the decomposition of silane 
is thermodynamically endothermic. It 
therefore appears that the presence of 
hydrogen is in some sense essential to 
the favourable properties of glow- 
discharge a-Si Naively, this can be 
explained by the notion of hydrogen 
bonding to the dangling Si bonds, 
thereby removing their electron states 
from the energy gap, and thus making 
doping possible. However, this requires 
at most = 0.1 at.% hydrogen, far less 
than the amount that is found experi- 
mentally. It must be assumed that 
the balance of the hydrogen is bonded 
into the random: network during 
growth. The.importance of hydrogen 
in producing films that have favourable 
photovoltaic properties is underlined by 
the work of Paul and coworkers at 
Harvard University, who have produced 
a-Si:H alloys by sputtering in an 
atmosphere comprising both argon and 
hydrogen, which can be doped, and 
which therefore behave in a manner 
somewhat slmilar to those produced by 


the glow-discharge decomposition of. 


silane. 

Despite the promising progress made 
so far in the field of photovoltaic 
applications, several problems remain 
with  glow-discharge-produced a-Si. 
Numbered amongst these are: (1) the 
variation in properties with the condi 
tions of deposition (for example, the 
hydrogen content, and hence allied 
properties, is a sensitive function of 
substrate temperature, gas pressure, 
r.f. power); (2) photo-induced changes, 
such as the metastable decrease in con- 
ductivity after optical illumination 


(Staebler & Wronski Appl. Phys. Lett. 
31, 292; 1977); (3) the relative ineffi- 
ciency of doping, in that only — 30% 
of impurity atoms act as donors or 
acceptors (that 1з — 70% bond accord- 
ing to their normal valence and are 
not forced into tetrahedral environ- 
ments on substituting for Si atoms) 
and the Fermi level can only be moved 
to within œ 0.2eV of the conduction 
or valence band edge; and (4) short 
minority-carrier lifetimes. In this con- 
text, a recent publication by the Har- 
vard group (Paealer et al. Phys. Rev. 
Lett. 41, 1942; 1978) entitled ‘New 
development in the study of a-Si:H 
alloys: the story of O', is of interest. 
This group concentrates on material 
prepared by sputtering in partial 
hydrogen atmospheres. They point out 
that many of the differences in be- 
haviour exhibited by these alloys, com- 
pared with those prepared by the 
glow - discharge decomposition of 
silane, could be ascribed to the 
presence of oxygen in the latter; the 
poorer vacuum and often less pure 
gases used in the glow-discharge pro- 
cess immediately imply this. To test 
this hypothesis, samples were pro- 
duced by sputtering in an argon atmos- 
phere containing both hydrogen and 
oxygen; the resulting films contained 
-— 1 at.% oxygen. They found that 
the oxygenated films exhibited a much 
larger photoconductivity and photo- 
luminescence and were relatively in- 
sensitive to the partial pressure of 
hydrogen used, in marked contrast to 
oxygen-free films; in short, the oxy- 
genated sputtered films more closely 
resembled glow-discharge samples. It 
was concluded that in some way the 
presence of oxygen (along with hy- 
drogen) removes  non-radiative  re- 
combination channels, perhaps by 
saturating any dangling bonds present. 

Evidence was also presented for the 
importance of structural defects in the 
photoluminescence process, This is a 
much debated subject at present; con- 
troversy centres on whether electron 
states in the energy gap of a-Si:H 
alloys are introduced by hydrogen 
atoms attached to Si atoms other than 
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by simple covalent bonds (Appelbaum 
et al. Phys. Rev. Lett. 39, 1487; 1977; 
Singh er al.Phys. Stat. Sol. (b) 81, 637; 
1977; Fisch & Licciardello Phys. Rev. 
Lert. 41, 889; 1978), or whether simple 
reconstructed Si dangling bonds con- 
taining either one or two electrons (and 
hence positively or negatively charged 
respectively), give rise to such states, 
as proposed by the author and Adler 
Co appear in Philos. Mag. and Phys. 
Rev. Lett., respectively). The short 
minority carrier lifetime, one contri- 
bution to poor device performance, 
can for example be attributed to such 
states within the gap, of whatever 
origin. The Harvard group's paper in- 
dicates a possible solution to the prob- 
lem of the nature of the defects, 


although it does not resolve the issue. 

However, all such considerations 
may be made redundant with the 
announcement by Ovshinsky (Nature 
276, 482; 1978) that a-Si alloys pro- 
duced from a mixture of silicon tetra- 
fluoride (SiF,) and hydrogen, and 
therefore containing both fluorine and 
hydrogen, are markedly superior to 
those produced by the glow-discharge 
decomposition of silane. Doping effi- 
ciencies are larger, photostructural 
changes are absent, and deposition 
conditions only weakly affect the pro- 
perties of these a-Si-F-H alloys, in 
sharp contrast to the problems that 
bedevil silane glow-discharge films. 
Perhaps here lies the road ahead for 
amorphous silicon alloys. C 


Ecological interactions in the 


Southern Ocean 


from Robert M. May 


Tue Southern Ocean sustains a great 
variety of vertebrate species, including 
whales, seals, birds and fish. 

Very many of these species share a 
common resource, the  shrimp-like 
krill, as the main component of their 
diet. The mechanisms whereby these 
competing species coexist are of in- 
terest in illuminating general ecological 
principles. Viewed in this light, the 
massive depletion of the populations of 
large whales constitutes a vast, and 
sadly ill-documented, ecological experi- 
ment, 


Whales 
As a group, the whales probably origin- 
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ated about 60 million years ago. Their 
patterns of distribution in the Southern 
Ocean must have been subject to many 
changes in the past few hundred thou- 
sand years, with the comings and 
goings of the Ice Ages. The large 
baleen whales in this area comprise six 
species and one subspecies—the south- 
ern right, humpback, fin, sei, minke, 
blue, and the subspecies pigmy blue. 
There is one large toothed whale, the 
sperm; only adult males enter Ant- 
arctic waters. In addition there are 
nine species of small toothed whales, 
which include the killer whale Orcinus 
orca, the southern white-sided dolphin, 
and two species of beaked whales. 
Little is known about the ecology of 
these smaller toothed whales. 

Laws (Phil. Trans. Roy. Soc. Lond. 





A view of Christmas Harbour in Kerguelen Land. From a contemporary account of 
Cook's third voyage. 
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B279, 81; 1977 and in Adaptations 
Within Antarctic Ecosystems (ed. 
Llano), Smithsonian Institution, 1977, 
hereafter referred to as Laws I and П, 
respectively) has drawn together much 
earlier work, to give a fascinating 
account of the mechanisms of ecol- 
ogical separation among these whale 
and other species. 

The standing crop of zooplankton, 
mainly krill, in the Antarctic is at least 
four times that in the tropics, but it is 
a highly seasonal resource for whales. 
In addition to seasonal changes in krill 
abundance itself, the krill zone is 
nearly all covered by pack ice in the 
southern winter; in summer the ice 
retreats and 80-90% of the krill zone 
is exposed when the pack ice is at its 
minimum in March. Most of the 
baleen whales make long migrations, 
feeding in summer in the food-rich 
Antarctic waters, and breeding in 
winter at low latitudes, where they of 
necessity fast and rely on energy 
stored as fat (blubber). A conservative 
estimate of the weight lost in winter 
is 20%, which compares with many 
terrestrial mammals, such as deer. The 
migrations appear to be staggered, with 
the different species arriving in the 
Antarctic at different times in the 
summer, The blue appears earliest, the 
fin and humpback next, and then the 
sei. These waves of migration also re- 
flect the extent to which the different 
species penetrate into colder waters; 
the blue appears first and follows the 
retreating pack ice south, while the 
other species fill in behind it. Ohsumi 
et al. (Sci. Rep. Whales Res. Inst. 22, 
75; 1970) estimate that the highest 
densities of sei whales are found in the 
circumpolar zone spanning 40-50°S, fin 
in 50-60°S, and blue and minke in 
60-70°S. The pigmy blue whale seems 
confined to waters north of 54°S. The 
southern right whale is probably not 
migratory and may feed all year in the 
zone 30-50°S (see Fig. 1). 

With the conspicuous exception of 
the minke, the timing and extent of 
the migration patterns correlate with 
the body sizes of the species, and with 
their percentage proportions of meat 
and blubber: blue, 39% meat and 27% 
blubber; fin, 46% and 24%; sei, 59% 
and 17%; minke, 62% meat and 15% 
blubber. Although the minke pene- 
trates far south, its low proportion of 
blubber and small size suggest it is a 
more continuous feeder than the larger 
and more migratory species. It also has 
a higher population turnover, with a 
l-year reproductive cycle in contrast 
to the other whales' 2-year cycle. With- 
in this set of species, we may view the 
minke as the r-selected opportunist, 
superimposed on the smooth pattern of 
spatial and temporal segregation mani- 
fested by the other baleen whales. 

The baleen whales are the top pre- 
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dators in a very short food chain, 
filter-feeding on planktonic crustacea.- 
The rough geographical zones occupied 
by krill, the major species of these 


crustacea, are also indicated in Fig. 1.. 


The baleen plates of the various whales 
are adapted Чо the size of the food 
taken: the right whale, which feeds 
primarily on small copepods, has very 
fine long baleen and the mouth is 
enlarged to accommodate them; the 
filtration by the plates of the sei, 
minke, humpback, fin and blue is in- 
creasingly coarse, Feeding behaviour 
also varies. The fast-swimming blue, 
fin, minke and humpback whales swal- 
low in discrete mouthfuls which is 
more effective with swarming food 
organisms such as krill, while skim- 
ming with the mouth closing at longer 
intervals (as done by right whales) 
works better against dispersed organ- 
isms such as copepods. The sel uses a 
combination of the two. . 

The main sperm whale: stocks are 
found outside Antarctic waters, and 
females rarely penetrate latitudes 
beyond 45°S. Solitary males begin to 
show migratory behaviour as they at- 
tain sexual maturity (starting around 
age 12 years), and their propensity to 
migrate to Antarctic waters in the 
summer increases as they get older, 
levelling off around age 25 years when 
they may attain the status of harem 
master in the breeding herds at low 
latitudes. Sperm whales feed largely on 
squid species found in temperate and 
Antarctic waters. 

Although not much is known about 
them, the smaller toothed whales are 
probably resident in Antarctic seas 
all the year round. 

Rough estimates of the past and 
present numbers and biomass of large 
whales in the Antarctic are given in 
Tables 1 and 2, along with estimates 
of thelr food consumption (simplified 
from Laws I). These numbers are not 
graven in stone; the many uncertainties 
in the data are such that no two pub- 
lished tables are identical A list of 
the main assumptions and uncertainties 
is as follows. One-half the total sei 
whale stock, and one-third of the 
‘exploitable male’ sperm whales are 
assumed to feed in the Antarctic, south 
of the Antarctic Convergence. The 
figure of 10,000 blue whales is higher 
than the 1978 IWC figures, as is their 
mear weight of 83 tonnes; Masaki and 
Yamamura (Rep. int, Whal. Commn 
28, 258; 1978) give 4,500 at an average 
weight of 62 tonnes. The minke figures, 
both past and present, are very un- 
certain, and estimates range widely 


(the minke have only recently been - 


exploited, and most information derives 
from commercial whaling). With the 
exception of the minke, which is 
assumed to feed all year in Antarctic 
seas, the whales are taken to spend 
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Table 1 Initial whale stocks 
' Popu- . Weight Biomass Food consumed 
eae lation ,{thousand (million (million tonnes) 
Species — (thousands) tonnes) tonnes) Squi Fish 
Bluse. 200 : 88 17.6 UD 0.74 1.5 
Fin 400 ‚50 ‚20.0 81 0.84 17 
Humpback 100 27 x .11, 1.11 0.2 
Sel’ 75 19 1.4 6 0.06 0.1 
Minke ^ 200 7 14 ^ 20 0.20 0.4 
Baken total 975 — 43.1 190 2.00 3.9 
Sperm whale 85 30 2.6 — 10.2 0.5 
Table 2 Present whale stocks 
Popu- Weight Biomass Food consumed 
‘lation (thousand (million (million tonnes) 
Species (thousands) tonnes) tonnes) Squid Fish 
Baleen whales 
Blue 10 83 0.83 3.4 0.04 0.07 
Fin ` 84 48 4.03 16.4 0.17 0.34 
Humpback 3 27 0.08 03 0.00 0.00 
Sei ‚ 41 18 0.71 2.9 0.03 0.06 
Minke ' 200 7 1.40 19.8 0.20 0.41 
Baleen total 338 — 7.05 42.8 0.44 0.88 
Sperm whale 43 27 1.16 — 4.63 0.24 





120 days feeding in the Antarctic. 

Some of the consequences of the 
great differences between initial and 
present stocks are pursued below. A 
gross summary is that the pristine 
biomass density of baleen whales over 
the area of the krill zone was about 
2.6g m^, while it is now 0.4 g m™° 


Seals | 

The ‘seal families probably originated 
about 30 million years ago in the 
northern hemisphere, and crossed the 
tropics along the west coast of South 
America during a cold period, to 
radiate into the Southern Ocean. There 
are now five species of ‘true’ seals 
south of the Antarctic Convergence— 
Weddell, leopard, crabeater, Ross and 
elephant—along with the Antarctic fur 
seal. Although there are fewer species 
in the Antarctic than’ in the Arctic 
(probably because the wide deep ocean 
has no geographical barriers to help 
speciation), the populations of indivi- 
dual species and the body sizes of 
their constituent members are larger 
(probably because food is more abun- 
dant). Of the roughly 30 million seals 


in the world, approximately half live . 


in the Antarctic, where they constitute 
about 80% of the global biomass of 
seals. 

The species achieve ecological segre- 
gation through a mixture of different 
habitats and different ^ diets. The 
geographical aspect is set out schema- 
tically in Fig. 1, and the food pre- 
ferences summarised in Table 3. The 
elephant and Ross seals are both deep- 
diving squid and fish eaters, but their 
breeding and feeding distributions have . 


no overlap; the elephant seal breeds 
on land and is distributed about the 
Antarctic Convergence, while the Ross 
seal breeds on {се and is found near 
heavy pack ice. The fur and crabeater 
seals are primarily krill eaters; its name 
notwithstanding, the  crabeater has 
dentition specialised to act as a krill 
sieve, producing “perhaps the most 
complicated arrangement of cusps 
found in any living mammal” (Laws 
ID. The fur seal breeds on Jand, and 
is restricted to the area between the 
pack ice edge and the Antarctic Con- 
vergence, while the crabeater breeds 
on ice and is restricted to the fringes 
of the pack ice belt. The leopard seal 
has a more varled diet (krill, fish, and 
seasonally penguins) and a wider range 
than the other seals, but it is primarily 
found at the fringes of the pack ice 
zone. The Weddell seal has adapted to 
fill a specialised niche—the inshore 
fast ice zone—where it winters under 
the ice, keeping breathing holes open 
with its teeth. It eats mainly fish. 

The mating systems and patterns of 
sexual dimorphism correlate strongly 
with the ecology of the Antarctic seals 
(Stirling Rapp. P.-v Renn. Cons. int. 
Explor. Mer. 169, 205; 1975) The 
polygynous Weddell has a social 
system intermediate between the highly 
polygynous and strongly dimorphic 
elephant and fur seals that breed on 
land, and the monogamous crabeater 
and other species that breed on shifting 
pack ice. 

From Tables 1-3 it can be seen that 
the totat biomass of Antarctic seals is 
less than 10% of the original biomass 
of Jarge Antarctic whales, and less than 
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half their present biomass. But the-. 
seals are present in Antarctic waters 
all year, and furthermore their 
metabolic rates and food consumption 
.are relatively larger, because of their 
smaller body sizes. "The . consequent 
estimates of their total annual con- 
sumption ое krill is about one-third 
that of the original stocks of baleen 
whales, and about 1.5 times that of the 
present whale stocks; seals have now 
surpassed whales as the major con- 
sumers of krill) Essentially АП the 
krill eaten Бу seals is by crabeaters (to 
an excellent approximation all Antarc- 
fic’ seals are crabeater seals), who, by 


foraging at the -margins of. the pack -- 


ice, have relatively’ little direct overlap 
with whales  . 

Male sperm whales and both sexes 
of elephant seals cat mainly squid in 
the Antarctic, and, at present whale 
.densities, they eat roughly - equal 
amounts However, when the sperm 
whales are at peak abundance a large 


fraction of the elephant seal population - 


is hauled out on land, fasting while 
breeding and moulting. > 

The average blomass density of Гета 
‘eating seals in summer is around 0.6 

m^, in regions where they compete 
with fish, birds and minke whales, The 
winter density is probably similar, but 
spread over a different - area, ‘Squid 
and fish-eating seals reach densities 
around 0,18 т” when. concentrated | 
іп - summer, and round: 0.03 gm™ 
when dispersed in wie: aoe ok 


P4 


4 


. Birds and fuh 
Surveying a growing, but still limited, 


amount of information, Laws (П) con- ' , 


cludes "'the ‘ecological separation’ of. 
Antarctic birds appears to be deter- 
mined by the summer distribution "and. 
breeding ‘behaviour as ' they affect | 
feeding”. The segregation in the dis- 
tribution and feeding ranges of some 
key species of penguins and other birds 
are shown in Fig 1. `` 

One example of the way the species 
, sort themselves out is provided by three 
species of penguin that breed at Sigmy 
Island. The Адеке and chinstrap pen 
guins feed mainly on krill, but” they 
take different, sized prey, either by 
active selection or by the Adelie feed- ` 


| La 
fie Cade 


‚ ing балег. ною; ће rodkery (or. 


penguinery) The less common gentoo 


еш (e primani On ish taken 


from the seabed. 

Petrels and albatrosses also eat krill, 
squid and fish. In general, the lower 
latitude species such as the albatrosses 
‘are. more dependent on squid and fish 
than the purely Antarctic species. 

It is difficult to quantify the biomass 
and role in the, ecosystem: оѓ Antarctic 
a rough estimate of 
for their biomass density 
when 'concentrated in the feeding zone 
in. summer, and no--more 
0.004 gm? when, dispersed in winter. 

Although the | facts “dre not well 
established, ‘the. fish stocks; in the 
Antarctic are probably much less than 
those in the Arctic, The main reason 
1з that the Antarctic has a very narrow 
and relatively deep continental] shelf, 
so that spawning sites for bottom- 


‘spawning fish are very limited. Some 


southern species have overcome -this 
problem by spawning in coastal. waters 
in the Subantarctic or on the conti- 


nenta] shelf of Patagonia, and assam- . 


ing a pelagic life as adults (when they 


feed on kril). In contrast with the - 


north, where fish are the main verte- 
brate animals, in the- Southern Ocean 
whales, seals and. ‘birds are more im- 
portant . ee 
Responses ‘to the deron: in whales 
By comparing "Tables 1 and 2, it can be 
seen that the: difference between the 
krill consumed annually by the original 
stocks of whales and that consumed 


today amounts to ‘around 150 millioh ; 


tonnes. 


“What аге the implications’ of this: 


‘krill surplus’ produced by whaling? 
General ecological theory suggests that, 
in the extreme cade where there is no 
competition among whale species, nor 


between whales and other species, the. 


‘surplus’ will indeed appear as more 


krill. At the opposite extreme of. high | 


niche, overlap among the vertebrate 
species, most of this 150 million tonnes 
of “slack in, the system’ "will be taken 
up ‘(with time lags that may be 
measured in decades), causing shifts in 
the relative abundances of species. T 
think the reality is Hable to He between 
these two. extremes. 


than ' 
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ice, and of the region south 

ne Convergence (A.C.) are as 

Each has & circum- 

pe distribution, and the average 
titudina! range is as shown, 

“the shading denoting the regime of 

higher densities. (From Laws ЇЇ). ' 


, Lews (1 and ID) summarises direct 
айа indirect evidence of population in- 
creases in whales, seals and birds that 
may be attributed to the decline in 
baleen whale populations. . 

Increases in the numbers of king 
penguins seem greater than can be ex- 
plained. simply as recovery from the 
slaughter of the nineteenth century 
Population increases have also been 
shown for chinstrap, Adelie and gentoo 
penguins. It is ‘noteworthy . that the. 
best-documented ‘increases, in these 
populations of krill-eating penguins are 
in the South. Atlantic, where there is 
the greatest overlap between . whales 
and penguins. In contrast, there is no 
indication of population increase for. 
Adelie penguins on Ross Island over. 
the past 50, years; interaction with 
whales is arguably яшай in athe Ross. 


. Sea. 


. Payne’ (Phil. Trans. Roy. Soe. Lond. 
B279, 67; 1977) has established in-- 
creases in the populations of the 
southern fur seal that clearly run ahead 
of simple recovery from. over-exploita- 


. tion. The fastest increase for this krili- 


feeding animal have taken place in the 
Scotia Arc, where its distribution over- 
laps that. of baleen whales, : R 

The sei whale has in- recent years 
altered its migration patterns, arriving. 
in the Antarctic earlier and penetrating 
further south. This could be due to 
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reduced competition from blue, fin and 
humpback, but it could equally reflect 
some slow environmental change. 
There is clear-cut evidence that 
pregnancy rates for blue, fin and sei 
whales have risen, and that the mean 
ages at sexual maturity have fallen, 
since intensive whaling was resumed 
after World War П. For the fin, the 
age at maturity was steady around 10 
years from 1910-30, and has declined 
to 5-6 years in the most recent age 
classes. This suggests, again indirectly, 
increased food abundance. Similar evi- 
dence has been adduced for the. crab- 
eater seal. In the Antarctic Peninsular, 
the mean age at sexual maturity for 
this krill-eater was 4 years until the 
whaling zone known as the ‘Sanctuary’ 


was reopened; since then, the age has 
fallen to 2.5 years. 

The question of the rate at which 
minke whale stocks are increasing, 
presumably in response to the effective 
disappearance of its close competitor 
the blue (see Fig. 1), is currently the 
subject of some dispute (IWC, Rep. 
int. Whal. Commn. 28, 55; 1978). 

Laws (ID concludes, “the baleen 
whales probably remain the most im- 
portant vertebrate group in their effect 
on the antarctic ecosystem. Their 
stocks are likely to stabilise or slowly 
increase with realistic scientific man- 
agement, but it is uncertain whether 


their original abundance will Бе 
regained even if commercial whaling 
ceases”. o 


X-ray absorption spectroscopy 


from C. David Garner 


ALTHOUGH the existence of fine struc- 
ture on X-ray absorption edges has 
been well known for more than 40 
years, it is only recently that such data 
have been shown to provide reliable 
information concerning the electronic 
structure and the atomic arrangement 
about specific atoms in simple or com- 
plex materials. This transformation has 
been made possible by exploitation of 
the intense continuum of electromag- 
netic radiation, extending to wave- 
lengths below 1 A, available from high- 
energy electron or positron accelerators 
as a natural consequence of maintain- 
ing the charged particles in a circular 
trajectory. This radiation has a number 
of unique properties (Rowe & Weaver 


Sci. Amer. 236, 32; 1977) and is 
generally known as synchrotron 
radiation. 


The structural information derives 
from an accurate measurement of the 
variations in the X-ray absorption 
coefficient at and above absorption 
edge(s) of the element(s) of interest 
(Sayers, Lytle & Stern, Adv. X-Ray 
Anal., 13, 248: 1970: Stern Sci. Amer. 
234, 96; 1976). Present monochromator 
design and other limitations effectively 
restrict studies to the K-edges of the 
elements Ca~Mo and the L-edges of 
elements Ag-U. It is convenient to 
discuss the potential information con- 
tained within the X-ray absorption 
spectrum as three topics. (1) The actual 
energy of a particular absorption edge 
of an element depends on the oxidation 
state and the nature of the immediate 
chemical environment of that element. 
Typically, one unit increase of oxida- 
tion state increases the position of the 
edge by 1-3 eV. (2) The excitation of 
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the core electron into the continuum 
may be incorporated with transitions 
from the inner core level to outer 
bound levels. These internal excitations 
are usually evident as discontinuities on 
the primary absorption edge (edge 
structure) and they can provide infor- 
mation about the electron structure at 
the absorbing atom in the material of 
interest. (3) The emitted photoelectron 
can be considered as a spherical wave 
radiating from the absorbing atom. 
This wave will be partially reflected by 
the electron clouds of the atoms sur- 
rounding the absorber: the resultant 
interference between outgoing and 
back-reflected waves is manifest as a 
modulation of the X-ray absorption 
coefficient at energies greater than that 
of the absorption edge. This extended 
fine structure (EXAFS) thus contains 
information about the number and the 
type of atoms which surround the 
absorber and the corresponding inter- 
atomic distances. Many of the theo- 
retical problems associated with the 
interpretation of EXAFS data now 
seem to have been overcome (Lee & 
Pendry Phys. Rev. B 11, 2795; 1975: 
Teo, Lee et al., J. Amer. Chem. Soc. 
99, 3854; 1977) and the validity of the 
structural predictions have been con- 
firmed in a number of studies on 
materials of a known structure. 
(Hodgson et al. J. Amer. Chem. Soc. 
100, 2748; 1978). 

X-ray absorption spectroscopy offers 
two particular advantages for the study 
of metal ions in biological systems. 
First, there is no requirement that the 
material of interest be crystalline, in 
principle gases, liquids, glasses and 
amorphous solids can be investigated. 
Second, the measurements are specific 
to the element of interest which may be 
present at a low concentration, say 
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«1 atom in 10% Several investigations 
of the coordination about a metal ion 
in a metalloprotein have now been 
accomplished and the precision of the 
bond length data, which typically 
extended to ~3A from the primary 
absorber, can be +0.02A. A unique 
and valuable insight into the nature of 
the molybdenum centre of the nitro- 
genases, has been provided by the 
measurement and interpretation of 
EXAFS data for the Mo-Fe protein of 
A. vinelandii and C. pasteurianum and 
the FeMo cofactor of the former 
(Hodgson et al. J. Amer, Chem. Soc. 
100, 3398, 3814; 1978). EXAFS studies 
for P. aerogenes rubredoxin (Shulman 
et al. Proc. nair. Acad. Sei. U.S.A. 
72, 4003; 1975) indicated that all four 
Fe-S bonds were of equal length, in 
contrast to the initial prediction of 
three long and спе short Fe-S bond 
from an X-ray crystallographic struc- 
ture determination, Subsequent revi- 
sion of the latter ied to a concordance 
between the two approaches. A similar 
unanimity exists between the EXAFS 
and X-ray diffraction studies accom- 
plished for the cepper centre of the 
‘blue’ proteins (Hedgson et al Proc. 
natn. Acad. Sci. U.S.A. 78, 4069; 
1978; Freeman et al. Nature, 272, 319; 
1978). 

However, the EXAFS determinations 
of the Fe-N distances in oxy and 
deoxyhaemoglobin /Eisenberger ef al. 
Proc. natn. Acad. Sci. U.S.A. 73, 491: 
1976) have indicated that the iron 
atom moves much less than the 0.7 А 
away from the haem plane suggested 
from the Hoard-Perutz model It is 
thus suggested that the cooperativity 
between the haem centres does not 
originate from a significant displace- 
ment of the iron atom upon oxygena- 
tion. 

The paper by Labhardt and Yuen in 
this issue of Nature (page 154) 
describes the results of an X-ray 
absorption spectroscopic study of the 
iron centre of cytochrome c. Ín con- 
trast to the results of an earlier study 
(Shulman et al. Proc. natn. Acad. Sci. 
U.S.A. 73, 1384; 1976), a shift in the 
iron K-edge position and the associa- 
tion edge structure cf —1.5eV was 
observed on oxidation. The sense and 
magnitude of the shif: are consistent 
with a redox process which is localised 
at the iron centre. Furthermore, the 
EXAFS details indicate that the lengths 
of bonds involving the iron atom do 
not change on oxidation (although 
there is no indication in this paper 
that these details are eonsistent with 
those expected from the studies of 
Dickerson ег al. J. bie’. Chem. 248, 
5234. 1973). Therefore, the two 
principal conclusions from this study 
are compatible with a view that, as 
expected from  Frank-€ondon con- 
siderations, electron transfer metallo- 
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proteins contain centres for which the 
redox change, although primarily 


located. on the metal centre, dóes not: 


require nor lead to a change in the 
geometry of the immediate environ- 
ment of the metal, The EXAFS results 
for cytochrome c and haemoglobin 
indicate that the ^ conformational 
changes in the peptide, which register 
the change in state of the metal centre, 
almost certainly do not originate as a 
result of changes in the iron-ligand 
bond lengths. Labhardt and Yuen sug- 
gest that the conformational transition 
may be initiated by a change in the 
amplitude of certain low frequency 
vibrations. This is possible, although, in 
contrast to their specifications, it seems 
more likely that ‘the reduced iron 
centre would lead to a more flexible 
structure than its oxidised counterpart. 
Thus the weaker metaligand inter- 
actions expected for the reduced centre 
would be expected to result in vibra- 


tional amplitudes, for example, for. 


Coated vesicles 
from M. Geisow 


Grurs or shortages of the membranes 
which enclose cells and their con- 
situent organelles arise under some 
circumstances. For example, during 
endocytosis, the plasma membrane of 
cells is progressively depleted as the 
cytoplasm becomes filled with éndo- 
cytotic vesicles. Conversely, following 
the stimulated release of cell products, 
excess membrane accumulates at the 


cell surface at the expense of intra- : 


cellular pools. In both cases a recovery 
system is necessary. Reversion to a 


resting state is achieved in many 


exocytotic systems by the interiorisa- 
tion of excess plasma membrane. 
Vesicles return through the cytoplasm 
either to subcellular membranes or to 
lysosomes where they are degraded. 
Whilst little is known about the nature 
and composition of such vesicles, 
recent progress has been made with 
one class of vesicles with a curious 
polyhedral ‘exoskeleton’ 
closes their membranes. This structure 
has given them the пате ' ‘coated 
vesicles’. 

Coated vesicles have been recognised 
for many years They were first 
observed in associgtion with embryonic 
nutrition, where invaginations of the 
oocyte membranes were seen to take 
up food from the external environment 
into vesicles with a ‘bristle coat’. 
Subsequently many workers have noted 
this feature in both endocytotic and 
exocytotic profiles. Palade and his 
colleagues reported coated vesicles іп 
the Golgi region of secreting cells. 
Franke et ad. (J. Cell Biol. 69, 173; 
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which en-: 


metaldigand bending modes which, 
although corresponding to approxi- 
mately the same average interatomic 
distances, ' would be larger than ob- 
tained for the corresponding oxidised 
system at the same temperature. ' 

A real assessment of the contribu- 
tion of X-ray absorption spectroscopy 
must await a wider and more ‘detailed 
series of studies than accomplished 
thus far. Certain of the present limita- 
tions which ‘restrict the range of sys- 
tems which may be studied and poten- 
tial interpretive ambiguities will un- 
doubtably be reduced in the near 
future. However, there seems to be no 
prospect of obtaining angular as well 
as radial structural data. Nevertheless, 
there is no doubt that the validity of 
this technique is well established and 
that it offers unique opportunities for 
the detailed investigations in a wide 
range of systems. The impact- on in- 
organic biochemistry should be parti- 
cularly significant. a 


. 1 One structure assigned by 


er ef al. to vesicle coats. 
1976) identified an exported product 
of mammary gland (casein) in coated 
secretory vesicles. 

Later studies have suggested that the 
coated vesicle might represent a device 
for recycling cell membrane. In frog 
neuromuscular junction Heuser and 
Reese (J. Cell Biol. 57, 315; 1978) 
described the sequential fusion of 
synaptic vesicles wth junctional mem- 


brane followed by the pinocytosis of’ 


presynaptic membrane as coated pits 
which became coated vesicles. The 
earlier work of Holtzman ег a. 
(Science ‘173, 733; 1971) with lobster 
neuromuscular junctions was supported 
by these findings, although the latter 
article reported few coated vesicles. 
Barbara Pearse has devised a pro- 


cedure for isolating coated vesicles 


from various tissues (J. molec. Biol. 
97, 93; 1975). Their lattice-like coats 
are composed predominantly of one 
type of 180,000 molecular weight poly- 
peptide which she has caWed clathrin. 
Several analyses of the coat mor- 
phology have been made (for example 
Kaneski & Kadoki J. Cell Biol. 42, 
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202; 1969). This and more recent 
studies (Crowther et al. J. molec. Biol. 
103, 785; 1976; Woods et ad. J. Cell 
Sci. 39, 87; 1978) indicate that the 
clathrin lattice is formed from trimeric 
associations of clathrin to give hexa- 
gonal and pentagonal units (Fig. 1). 
Alteration in the number of hexagonal 
units allows the size of the enclosed 
vesicles to vary without distortion of 
the lattice. ` ; 

Peptide maps of clathrin prepared 
from different species indicate that the 
protein is strongly conserved (Pearse 
Proc. natn. Acad. Sci. U.S.A. T3, 
1255; 1976). There are also close 
similarities in the more minor com- 
ponents of coated vesicles isolated from 
different tissues (Pearse J. molec. Biol. 
126, 803, 1978). Pearse suggests that 
some of these might have a structural 
role, perhaps relating to the vertices 
of the polyhedral coat. However, the 
number of polypeptides obtained from 
the isolated coated vesicles is small, 
which is surprising in view of the ultra- 
structural evidence that they par- 
ticipate in endocytotic and exocytotic 
transport. Both Pearse and also Blitz 
et al. J Cell Biol 75,135; 1977) report 
polypeptides of 100,000 and 55,000 
molecular weight. The latter workers 
consider that these molecules resemble 
the major constituents of sarcoplasmic 
reticulum. They therefore infer that 
the molecules belong to the transported 
vesicle rather than to its polyhedral 
coat. The larger polypeptide in par- 
ticular appears to be а calcium- 
transporting ATPase and cross reacts 
with antisera to the authentic sarco- 
plasmic reticulum enzyme. It is notable 
that intracellular апа  pericellular 
membrane pools for which the coated 
vesicle may act as a go-between, con- 
tain substantial amounts of calcium- 
stimulated ATPase (for example, Golgi 
membranes: Hodson J Cell Biol, 30, 
117; 1978), endoplasmic reticulum: 
Macdonald et af J. biol Chem. 253, 
3504; :1978) More work is needed, 
however, to establish firmly the nature 
of the components in coated vesicles. 

Other intrinsic membrane proteins 
may be carried by the enclosed vesicle. 
For example, Gorden et al (Proc 
natn. Acad Sci. U.S.A. 75, 5025; 1978) 
іп a study of the binding of '"I. 
epidermal growth factor (EGF) to 
human fibroblasts found that one-third 
of the specifically bound label rapidly 
became associated with bristle-coated 
areas of the plasma membrane (rep- 
resenting less than 2% of the total cell 
surface) Label and membrane were 
pinocytosed to form a coated vesicle. It 
seems plausible that the EGF receptor 
was also lost in this way, as prolonged 
stimulation depleted the surface re- 
ceptors. 

Many questions remain unanswered 
about coated vesicles in particular and 
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membrane transport in general Under- 
standing the control of the assembly, 
disassembly and destination of coated 
vesicles now provides an experimental 
challenge—but why is the cage struc- 
ture necessary at all? One suggestion 
has been made that the clathrin physi- 
cally pinches off a membrane vesicle 
and ‘at the same time controls the size 
of the final structure. Another sug- 
gestion might be made here. It is widely 
held that cellular membranes retain 
their identity with respect to membrane 
components, even when extensive 
membrane transport occurs. Is it роз 
sible that the closely-applied clathrin 
molecules provide a ‘filter’ for some 
categories of membrane protein, pre- 
venting their equilibration between 
pericellular and subcellular pools? © 


Prospects for 
solar energy 
from Elizabeth Michelson , 


Tse construction and monitoring of 
both highly -insulated experimental 
solar heated houses and solar instal- 
lations in conventional housing is be- 
. coming quite widespread. At a recent 
meeting held in London* G O. G ІБ 
reported on experimental houses that 
have been built at Colorado State Uni- 
versity to compare different types of 
solar heating systems  Air-circulating 
systems, with rock storage, were found 
to supply much the same amount of 
energy as flat-plate water collectors but 
were preferable on grounds of cost, 
durability and lack of problems of cor- 
rosion or damage from leakage In the 
UK the Building Research Establish- 
ment at Watford is to install identical 
solar heating systems in 80 existing 
typical 3-bedroomed houses, in order 
to give a distribution of total daily hot 
water use, S J Leach reported. The 
ratio of panel area to total daily hot 
water use and the hot water delivery 
temperature are the main parameters 
determining the system performance 
(B. J. Brinkworth, University College, 
Cardiff). 

There were many shades of opinion 
on ihe economic feasibility of solar 
domestic heating, largely because it 
rests on speculation as to fuel costs 
and the general economic situation in 
the near future. Leach held that a 
system could only be regarded as 
economic if it were so now but Brink- 
worth pointed out that insufficient 
work has yet been done on the 
durability of systems, and that this has 
to be taken into account 4? the econo- 
mic viability is to be determined in any 


*A discussion meeting on Solar Energy was held 
E on November, 1978 at the Royal “Зосину, 
оп, 
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set of circumstances. In general, it 
was agreed, solar water heating is 
certainly practicable in the UK. 

Н. Hórster (Philips, Aachen) con- 
cluded from theoretical studies that 
space heating was uneconomic at pre- 
sent in North European or UK condi- 
tions. An average house would cost 
some £2,500 to convert it to the high 
standard of insulation (as in the Swe- 
dish building regulations) needed 
before space heating is economically 
feasible. In the South of France how- 
ever, solar space heating is a good 
prospect even in the normal house. 
Between sixty and seventy per cent of 
US homes already have air-circulating 
central heating systems and L5f consi- 
dered that air collectors for space 
heating, which are presently less com- 
mon, will become competitive in the 
near future. 


Solar ponds 

A solar pond is a water-filled pond, 
1-2 m deep, with a blackened bottom 
for: greater heat absorption and a 
gradually increasing salt concentration 
towards the base to eliminate convec- 
tion, which is the main cause of heat 
loss (H. Tabor, The Hebrew Univer- 
sity, Jerusalem) The hot water remains 
at the bottom from which it is removed 
as required Solar ponds tackle several 
of the major problems associated with 
other types of collectors; they can 
easily cover a large area and act as 
the store at the same time. In Israel, 
a solar pond will collect about 20% of 
the incident radiation and Tabor esti- 
mated that 200 km? of solar ponds 
would supply all of Israel's current 
demand for electricity However, 
owing to the low ratio of winter to 
summer radiation, solar ponds are un- 
suited to high latitudes. 


Solar cells 

Solar or photovoltaic cells convert 
light directly into electricity. Of these, 
single-crystal silicon cells are so far 
the only reliable and durable ones and 
have been used for many years in space 
and'for the generation of small quan- 
tities of electricity in remote areas (H. 
Durand, Commissariat à l'Energie 
Solaire, Paris) Heterojunction cells, 
in which the semiconductor is made up 
of two different materials, have the 
advantage of requiring a much lower- 
temperature manufacturing process, 
but have not yet equalled the efficiency 
and durability of silicon cells (S Wag- 
ner, Solar Energy Research Institute, 
Golden, Colorado). Optimism for the 
extensive use of solar cells in the 
future is witnessed by the passing of 
the US Photovoltaic Bill aMocating 
$1.5 billion over the next 10 years, 
$125 million for the present year 


(Durand) The corresponding present 


$1 


annual budget for Europe is #2:5 mil- 
Kon for France and £2 million for 
West Germany However, the attrac- 
tive prospect of direct electricity has 
cost as one af its chief drawbacks. 
At present, 1kW costs between 
£20,000 and £25,000; improved tech- 
nology and mass production could 
reduce this by a factor of thirty. At 
the same time, the present efficiency of 
about 16% should not fall below 10% 
for the costs of encapsulation and in- 
stallation to remain covered. The US 
hopes to add solar-generated electricity 
to its national grid, which can absorb 
random inputs of +15%, since large 
storage facilities are not feasible. 


Energy from biomass 
The two most interesting end-products 
of the action of microorganisms on 
organic material are alcohol (ethanol) 
and methane (R C. Righelato, Uni- 
versity of Reading). The production of 
ethanol by fermentation is very costly 
because a dilute aqueous environment 
is required for the reaction and a large 
quantity of energy, comparable with 
the energy content of the ethanol, is 
required to recover the latter from 
solution Improvements can be made 
by finding a methad for recovering the 
alcohol which is less energy demanding 
than distillation, or using less water 
initially Some yeasts can act in con- 
centrations of up to 20% if only for a 
short time Ethanol has been produced 
as a fuel in Brazil, though it is unlikely 
to make much contribution in the UK 

Gaseous products such as methane 
emerge from the solution unaided. 
The production of methane from 
sewage is more efficient than fer- 
mentation, requires less energy input 
and processes all the material including 
the cellulose. Methane production has 
already shown itself to be very prac- 
tical and is particularly suited to small 
installations on farms 

As solar collectors, plants have some 
considerable advantages over man- 
made collectors. They have large sur- 
face areas, built-in storage and an 
enormous diversity, adapted to almost 
all conditions (N. K. Boardman, 
CSIRO, Dickson, Australia). How- 
ever, the average efficiency of con- 
version of solar energy is only about 
1%. The yield can be increased by the 
use of fertilisers, coppicing and short 
rotation crops, though the long-term 
environmental consequences of these 
are as yet unknown. Crop residues 
should also be utilised, but some must 
remain on the soil to inhibit wind and 
water erosion and supply nutrients. 
The crop can either be used as a dry 
fuel (such as timber) or converted to 
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ethanol, methane or oil with conver- 
sion efficiencies of 20-44°, for gases 
and 58% for oil. Boardman esti- 
mated that such liquid fuels could con- 
tribute 47% of Australia’s transport 
fuel requirements, one-third originat- 
ing in crop residue and two-thirds in 
new fuel crops. Similarly good pos- 
sibilities exist in Brazil and New 
Zealand. However, biomass is unlikely 
to make a significant contribution to 
the energy requirements of small 
densely populated countries. 

The overall impression was one of 
optimism, based not on the all- 
embracing potential of any one 
method, but on the diversity of 
methods of harnessing solar energy 
which, given a rational energy con- 
sumption, can make some contribution 
in almost every climate. QO 


From sea level 
to heat flow 


from Peter J. Smith 


Wuen hot material of mantle origin 
spreads away from an oceanic ridge 
zone it cools and contracts. Both 
theory and observation indicate that 
the seafloor subsidence thereby pro- 
duced is proportional to the square 
root of time, from which it follows 
that a fast-spreading ridge will have a 
greater volume than a slow-spreading 
one. It follows from that, in turn, that, 
assuming the volume of seawater and 
the radius of the Earth to remain con- 
stant, the sea level will rise during a 
period of fast spreading. So could 
variations in ridge spreading rate be 
responsible for some or all of the fluc- 
tuations in sea level that have been 
known now for more than a hundred 
years? Hays and Pitman (Nature 246, 
18; 1973) thought so and thus added 
to the large number of explanations 
previously suggested for changing sea 
level (glaciation, continental volume 
changes, Earth's radius changes). 

Now Turcotte and Burke (Earth 
Planet. Sci. Lett. 41, 341; 1978) have 
taken the logic of this model one stage 
further and, assuming sea level fluc- 
tuations indeed to be indicative of 
changes in ridge volume, have related 
changes in sea level to changes in ridge 
heat flow. The sea level data used were 
obtained indirectly from Hallam 
(Nature 269, 769; 1977), who estimated 
the percentage flooding of North 
America and the Soviet Union over 
the past 520 million years from palaeo- 
geographic maps, and from Vail et al. 
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(Am. Assoc. Pet. Geol. Mem. 26, 83; 
1978), who determined relative sea 
levels directly for the past 600 million 
years using a combination of seis- 
mology and stratigraphy to detect the 
onlap of coastal deposits in maritime 
sequences. The two data sets suggested 
remarkably similar sea level trends, 
thereby giving some confidence in the 
apparent changes in water volume, 
and hence the supposed changes in 
ridge volume derived from them, tak- 
ing into account isostatic responses, 

Relating ridge volume to ridge heat 
flow is a more complex operation in 
the mathematical sense but can be 
done using thermal boundary layer 
theory. Expressing the ridge heat flow 
as a proportion of total world heat 
flow is rather simpler, however, 
although the number of assumptions 
required (for example, that the Earth’s 
heat is entirely due to uranium, 
thorium and potassium in the Earth) 
begins to mount alarmingly. Given the 
number of assumptions involved and 
the considerable uncertainty in many 
of the numerical values used, Turcotte 
and Burke are cautious in interpre- 
tation. Nevertheless they feel justified 
in coming to two tentative general 
conclusions—first, that the proportion 
of the Earth’s heat dissipation occur- 
ring in ridge zones has generally de- 
clined slowly over the past 600 million 
years much in accord with the decline 
in heat generation over that period, 
and, second, that there have been 
times during the Phanerozoic when the 
proportion of the Earth's head dissi- 
pation occurring in ridge zones. at 
present 28 per cent, has risen as high 
as 50 per cent. 

According to the interlocking model 
thus far developed, these ridge heat 
flow ‘highs’ coincide, of course, with 
sea level maxima and hence with the 
times of the most extensive continental 
flooding—and the latter occurred about 
80 and 400-500 million years ago. The 
600 million years of observation is far 
too short to support any suggestion 
that these figures indicate cyclic be- 
haviour with a periodicity of about 300 
million years, although it is interesting 
to note that 300 million years is about 
equal to the turnover time of a mantle 
convection cell. Moreover, if sea level 
and ridge heat flow maxima are indeed 
causally related, both would be ex- 
pected to be related to convective 
behaviour, for heat flow variations 
almost certainly are. 

And that leads to another thought. 
High ridge heat flows correspond with 
ridge volume maxima which coincide 
with fast ridge spreading. In turn, this 
must coincide with increases in the 
amount of mantle material upwelling 
at ridges which (assuming an Earth of 
constant radius) must be connected 
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with increases in the rate of litho- 
spheric consumption at subduction 
zones. As orogenic behaviour is mainly 
associated with plate consumption, the 
implication here is that orogenic pro- 
cesses are also episodic, reaching 
greatest intensity when the sea level 
is highest. If it be true, as Turcotte 
and Burke argue, that the widespread 
destruction of rocks and structures 
during mountain building obscures 
much of the evidence of how and 
when mountains formed, sea level 
studies may turn out to be useful in 
determining the precise temporal vari- 
ations in orogenic activity. D 


A hundred years ago 


I HAVE just read in Nature (vol. xix, 
p. 182) an account of a strange elec- 
trical phenomenon observed at Teign- 
mouth. In connection with it the fol- 
lowing incident may be of some 
interest: —When in Switzerland, not 
long since, I made with some friends 
the ascent of Monte Rosa. The weather 
was unsettled, and on gaining the sum- 
mit we saw a thunderstorm advancing 
in our direction from the Italian valleys, 
and not wishing to turn ourselves into 
lightning-conductors we deemed it wise 
to retire from the summit. We had 
retreated a very short distance along 
the aréte when the storm-clouds swept 
up upon us; the fine snow fell so thick 
that we could hardly see one another. 
and we were all suddenly attracted by 
a peculiar ticking or fizzing from our 
hair; when I held up mv axe the ticking 
was most distinctly heard from the top 
of it. The thunder ceased, and we felt 
that we were acting as points, through 
which the ground electricity was flow- 
ing off into the cloud; if it had been 
dark, the bluish light observed at 
Teignmouth might have been visible. 

As at Teignmouth, so on Monte 
Rosa; it was freezing hard when the 
phenomenon was observed. 

W. S. GREEN 
Alta Terrace 
Monkstown, Cork 
From Nature 19, 9 Jan., 220; 1879. 


Erratum 


In the article ‘Discrepancies in 
claims for endothermy in therapsids 
and dinosaurs’ (News and Views 
276, 757; 1978) the last eight lines 
of paragraph 1 should read: “As 
usual some disputed issues reflect 
different individual views of identi- 
cal evidence, but one of Bakker’s 
later arguments involves a serious 
factual error, unless many other 
authors are mistaken, while some of 
the arguments used in different 
papers are inconsistent or contra- 
dictory.” 
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Multiple receptors for dopamine 


John W. Kebabian & Donald B. Calne 


Experimental Therapeutics Branch, National Institute of Neurological and Communicative Disorders and Stroke, National Institutes of Health, 


Bethesda, Maryland 20014 





Pharmacological and biochemical criteria can be used to separate those dopamine receptors which are 
linked to the enzyme adenylyl cyclase and those which are not. 





BEFORE discussing the existence of multiple receptor 
mechanisms for dopamine, some general comments about the 
definition of receptors are appropriate. The concept of a ‘recep- 
tor’ for a substance arises from the ability of tissue both to 
recognise and respond to minute quantities of a substance in 
some precise way. Receptors may be defined according to many 
different criteria, but it is most profitable to identify the endo- 
genous physiological agent which normally interacts with the 
receptor. The next stage of classification is based on a combina- 
tion of pharmacology (that is, identification of drugs which 


selectively mimic or antagonise the physiological agent) with: 


biochemistry, anatomy and physiology. This second level of 
categorisation is most useful when it generates the least number 
of subgroups; however, within a given category, further division 
is possible into a hierarchy of descending levels (for example, 
nicotinic cholinergic receptors are further subdivided into 
ganglionic and neuromuscular receptors). There are many 
precedents for the existence of multiple classes of receptors 
for a given biological molecule. Thus, acetylcholine interacts 
with nicotinic and muscarinic receptors, histamine with H, and 
Н» receptors, and catecholamines with a- and B-adrenergic 
receptors. 

Dopamine receptors can be characterised by various criteria. 
In earlier discussions, dopaminergic receptors were classified on 
the basis of physiological! or pharmacological and biochemi- 
cal? criteria; alternatively a dynamic equilibrium of a single 
dopamine receptor fluctuating between two states or configura- 
tions has been postulated*. The demonstration of a dopamine- 
sensitive adenylyl cyclase not only provided an in vitro model to 
study the properties of a dopamine receptor but also suggested a 
mechanism for the generation of the physiological response to 
this amine’. However, not all dopamine receptors have proper- 
ties similar to those of the receptor linked to adenylyl cyclase. 
Furthermore, in some tissues, a dopamine-stimulated accumu- 
lation of cyclic AMP does not seem to be involved in the 
generation'of the physiological response to dopamine. 


Dopamine receptors which increase 
cyclic AMP synthesis 


One physiological action of dopamine is to increase the synthesis 
of cyclic AMP by the stimulation of a specific dopamine-sensi- 


tive adenylyl cyclase?" (for review see ref. 8). The dopamine- 
sensitive adenylyl cyclase is widely distributed, particularly in 
neural tissue ranging from gastropods’ and insects? to human 
brain!'. The demonstration of a dopamine-sensitive adenylyl 
cyclase in cell-free preparations of caudate nucleus? raised the 
possibility that the postsynaptic dopamine receptor in this 
region of the brain could regulate the enzyme. This concept 
provided the impetus for a detailed characterisation of the 
dopamine receptor associated with the striatal enzyme; the 
procedures used to define this receptor involved the use of 
dopamine itself, analogues of dopamine, and synthetic drugs 
which stimulate or block dopamine receptors. 

Although many structural analogues of dopamine have been 
tested for their effects upon the striatal adenylyl cyclase, no 
catecholamine is more potent than dopamine itself. The only 
catechol-containing molecule which is equipotent with 
dopamine is epinine (N-methyldopamine): any other substitu- 
tions on the dopamine molecule produce a loss of agonist 
activity '?"'*, Summaries of these structure-activity studies have 
been published previously*^. A number of analogues, which 
possess dopamine-like activity in vivo, have also been shown to 
mimic the ability of dopamine to increase adenylyl cyclase 
activity. The semirigid dopamine analogue, 6,7 dihydroxy- 
1,2,3,4-tetrahydronapthalene (A-6, 7-DTN), is equipotent with 
dopamine as an in vitro agonist'*. Other structural analogues 
give less consistent results. Apomorphine is 'classically' recog- 
nised to mimic the effects of dopamine’*®, but when tested on the 
striatal enzyme system, this molecule is only а partial agonist’; it 
can antagonise dopamine receptors both im cell-free homo- 
genates? and in preparations of intact cells" 

Antagonists have also been used to define the properties of 
the dopamine receptor which regulates striatal adenylyl cyclase. 
Classic antagonists of a- and 8 -айгепегріс receptors are rela- 
tively ineffective as antagonists of dopamine‘, but antipsychotic 
drugs are potent, competitive antagonists >S, Several 
dopamine antagonists exist as optical or stereoisomers; the 
stereoisomers of butaclamol and cis- and frans-flupenthixol 
are examples. The clinically active compounds (+)butaclamol 
and cis-flupenthixol are potent dopamine antagonists while the 
clinically апа  pharmacologically inactive compounds 
(—)butaclamol and :rans-flupenthixol are less potent as 
dopamine antagonists #2921, 
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The relative imprecision of the experimental measures of in 
vivo dopaminergic function (for example, turning and stereo- 
typic behaviour in rats, neurological or psychiatric changes in 
man) preclude an exact definition of the role of dopamine- 
sensitive adenylyl cyclase in the brain; although dopamine and 
cyclic AMP have been implicated in electrophysiological events 
in mammalian superior cervical ganglia??? and in a Helix 
ganglion’. However, activation of dopamine receptors of iso- 
lated cells of the bovine parathyroid is followed by the accumu- 
lation of cyclic AMP and the release of parathyroid hormone". 
This indicates that tissue-specific responses to dopamine can be 
mediated by the dopamine-sensitive adenylyl cyclase. 


Dopamine receptors which do not increase 
cyclic AMP synthesis 


Other physiological responses to dopamine seem not to involve 
either the stimulation of an adenylyl cyclase or the accumulation 
of intracellular cyclic AMP. An example is the dopamine- 
induced inhibition of prolactin release from mammotrophs. 
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Striatum 


Fig. 1 А schematic representation of the neurones in the nigro- 
striatal axis which contain dopamine receptors. The dopaminergic 
neurones contain autoreceptors which regulate either electrical 
firing of these cells in the substantia nigra (site 1) or tyrosine 
hydroxylase activity (site 2) on the terminals. Cortical neurones 
which project to the striatum possess binding sites for radiolabelled 
haloperidol which have been identified as dopamine receptors (site 
3). Neurones intrinsic to the caudate contain the dopamine-sensi- 
tive adenylyl cyclase activity (site 4). Finally, terminals of striatal 
neurones which project to the nigra also contain a dopamine- 
sensitive adenylyl cyclase (site 5). The dopamine receptors at sites 
1-3 have not been associated with adenylyl cyclase activity; only 
the receptors at sites 4 and 5 regulate this enzyme activity (for 
references see text). 


The synthesis and release of prolactin are under a pre- 
dominantly inhibitory hypothalamic influence: dopamine in the 
median eminence functions as an endogenous hypothalamic 
factor which inhibits prolactin release (for comprehensive 
reviews see refs 24, 25). The anatomical, physiological, phar- 
macological and biochemical evidence that demonstrates the 
presence of receptors for dopamine on the mammotrophs 
includes the following evidence: (1) Catecholamines, including 
dopamine, can inhibit the release of prolactin in vivo and in 
vitro"*?". (2) Dopaminergic agonists, such as apomorphine "^? 
can mimic the inhibitory effect of dopamine. (3) The effects of 
dopamine can be blocked by several selective dopaminergic 
antagonists"*??. (4) Radiolabelled agonists and antagonists of 
this receptor bind with high affinity to stereospecific sites that 
have properties similar to those of the dopamine receptor on the 
mammotrophs ^ ?, 

There is no evidence that a dopamine-stimulated accumula- 
tion of cyclic AMP can account for the inhibitory effect of 
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dopamine on prolactin release. Cholera toxin, the nonspecific 
activator of adenylyl cyclase (see ref. 33 for review) has been 
added to cells of the anterior pituitary or cloned tumour cells 
derived from the anterior pituitary. Cholera toxin either stimu- 
lates** or has no effect on the release and synthesis of prolactin 
(M. Thorner, personal communication); it never decreases 
prolactin release. Furthermore, dopamine inhibits the adenylyl 
cyclase from prolactin secreting human pituitary adenomas”. 
A second example of a dopamine receptor which does not 
stimulate adenylyl cyclase activity is the dopamine receptor 
(autoreceptor) on the dopaminergic nigro-neostriatal neurones, 
which are found on presynaptic terminals in the striatum and 
also on the cell bodies of the same neurones in the substantia 
nigra?*?". Although a dopamine-sensitive adenylyl cyclase has 
been identified in the substantia nigra ?^? as well as the stria- 
тите, the enzyme occurs on cellular elements other than the 
dopaminergic neurones. Lesions in the nigra induced by 6- 
hydroxydopamine (which selectively destroys the dopaminergic 
neurones) do not alter the activity of dopamine-sensitive adeny- 
lyl cyclase within either the nigra” or the striatum*’. Con- 
versely, intrastriatal injection of kainic acid, a rigid glutamic acid 
analogue, destroys neuronal cell bodies in the striatum but 
spares the dopaminergic nerve terminals; this procedure causes 
a substantial loss of striatal dopamine-sensitive adenylyl cyclase 
activity but does not diminish the content of dopamine*'**. Thus 
neither the autoreceptors upon cell bodies in the nigra nor the 
autoreceptors on the terminals in the striatum appear to be 
associated with a dopamine-sensitive adenylyl cyclase. 


Pharmacological separation of dopamine 
receptors 


Pharmacological evidence indicates the existence of several 
classes of dopamine receptors. Several antagonists are not 
equally effective upon different dopamine receptors. For 
example, the antipsychotic drugs, molindone and sulpiride, and 
the antiemetic drug, metoclopramide, are dopamine antagonists 
when tested in the anterior pituitary**** or the brain“. 
However, neither metoclopramide nor sulpiride blocks striatal 
dopamine-sensitive adenylyl cyclase^ ^", Molindone is, at 
most, a weak antagonist of this enzyme (B. K. Krueger and P. 
Greengard, personal communication; M. Munemeura and J. W. 
Kebabian, unpublished observation). 

Other compounds are capable of a more limited dis- 
crimination between different dopamine receptors. Dopamine 
itself displays a considerable range of potency at its receptors in 
different tissues. Nanomolar concentrations of dopamine elicit a 
response from either the anterior pituitary (K, = 35 nM) or the 
presynaptic dopaminergic receptors on the sympathetic 
terminals in the artery of the rabbit ear (K, = 37 nM)'^*, The 
presynaptic autoreceptor on the terminals of the nigro-neo- 
striatal neurones is stimulated by somewhat higher concen- 
trations of dopamine. In contrast, dopamine receptors linked 
to adenylyl cyclase are stimulated by micromolar concentrations 
of dopamine. This observation has been made repeatedly in 
cell-free homogenates of neural tissue derived from species as 
divergent as the cockroach (K, = 2 pM) and man (K, = 6 uM). 
Micromolar concentrations of dopamine are also necessary for 
the accumulation of cyclic AMP in preparations of tissue 
containing intact cells?. Finally, micromolar concentrations of 
dopamine are required either to stimulate cyclic AMP accumu- 
lation or to elicit release of parathyroid hormone in preparations 
of the bovine parathyroid". Thus, the relative potency of 
dopamine can be the basis of a categorisation of dopamine 
receptors. 

Apomorphine is another compound with selective activity on 
different dopamine receptors. In many tissues, apomorphine 
mimics the effects of dopamine; both dopamine (К, = 35 nM) 
and apomorphine (K, = 3 nM) are potent activators of the pitui- 
tary dopamine receptor". Apomorphine (К, = 44 nM) also 
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mimics the effect of dopamine (K, = 37 nM) on the sympathetic 
presynaptic receptors of the rabbit ear artery**; the potency of 
apomorphine (К, = 300 пМ) апа dopamine (K, = 320 nM) on 
the autoreceptor on'the terminals of the mnigro-neostriatal’ 
neurones are similar *?.'In contrast,'in several tissues where 
dopamine receptors are linked to the ehzyme adenylyl cyclase, 
apomorphine displays activity as a dopamine antagonist. In the 
striatal dopamine-sensitive adenylyl cyclase system, apomor- 
phine hàs actions as.both an agonist (at low concentrations) and 
an antagonist (at higher concentrations)‘; similar observations 
have: been made in kidney ‘vasculature™. Apomorphine 
antagonises the dopamine-stimulated accumulation of cyclic 
AMP in the bovine parathyroid; the-compound has no agonist 
activity on these cells". Thus, the different pharmacological 
actions of apomorphine imply the occurrence of more than о one 
type of receptor.. + f 

Several ergot. derivatives can also distinguish? different 
dopamine receptors. The dopaminergic ergots, such as bromo- 
criptine, lisuride and lergotrile, are extremely potent agonists of 
the dopamine receptor of the mammotrophs. When tested on 


Table 1 сасани 


Name* D-1 `D- 2 
Tu г. : 3 
Cyclase linkage - Yes К Мо 
Location of proto- Bovine parathyroid Mammotroph of 
type receptor I f anterior pituitary 
2 i . Agonist (jumolar ‘Agonist (nmolar 
` ~ potency) potency) 
Apomorphine. Partial agonist or Agonist (nmolar 
| antagonist . potency) 
Dopaminergic Potent antagonist ` Agonist (nmolar 
ergots (nmolar potency) potency) 
A 2 Weak agonist 
potency) pi 
Selective antagonist None known as yet Metoclopramide 
sulpiride 
Radiolabeled cu-flupenthixolt Dihydroergocryptine 
ч ; 


ee we have designated the two categories of dopamine 
receptors as 'a-dopaminergic' and 'B-dopaminergic'. This has led to 
confusion with the a and В adrenoreceptors. The new designations 
should prevent further confusion. 

t Radiolabelled cis- flupenthixol can be used as a ligand specific for 
the dopamine receptor linked to adenylyl cyclase in the rat striatum *. 
Its affinity for the dopamine receptor in the anterior pituitary has not 
been measured. n 


^ 


isolated cells.of the anterior pituitary, bromocriptine has a K, of 
2.9 nM, which is approximately 10-fold more potent than 
dopamine itself (К, = 35 nM)”. Extremely high concentrations 
of the ergots can cause accumulation of cyclic AMP in some 
tissues, thereby mimicking the action of dopamine. For 
example, bromocriptine, like dopamine, causes an accumulation 
of cyclic AMP in the rabbit retina, but this effect requires a 
33,000-fold higher concentration than is needed to inhibit 
prolactin release”. О? greater interest is the ability of such 
ergots to block the striatal dopamine receptor linked to adenylyl 
cyclase. This antagonist activity, which is unanticipated in view 


of the action of such compounds on the anterior pituitary, is seen. 


‘in both intact and homogenised preparations of striatal 
tissue”, When tested in the cell-free striatal homogenate, two 
dopaminergic ergots, lisuride™ and lergotrile** are devoid of 
agonist activity; both of these compounds are antagonists of the 
dopamine receptor. These differences in potency and action of 
the dopaminergic ergots point to differences between the 
dopamine receptors found in the pituitary and dopamine recep- 
tors associated with adenylyl cyclase in the striatum. 


os 


Although antjpsychotic agents are potent antagonists of 
dopamine receptors in many tissues, these drugs are of only 
limited use in discriminating between the different types of 
dopamine receptors. Various chemically distinct antipsychotic 
drugs are antagonists of the dopamine receptor on mam- 
motrophs™; the potency of some of these compounds has been 
estimated in vitro™. In addition, antipsychotic drugs are power- 
ful antagonists of the p resynaptic dopamine receptors of the 
rabbit sympathetic neurones**.and the autoreceptors on the 
dopamine-containing nigro-neostriatal neurones*®. Antipsy- 
chotic drugs are also antagonists of the дорапіпе receptor which 
is linked to striatal adenylyl cyclase ^! 1^? 

' Among the different classes of antipsychotic compounds, only 
the butyrophenone- series contributes to the identification of 
distinct types of receptors for dopamine. Butyrophenones, such 
as haloperidol, are less potent antagonists of the dopamine 
receptor linked to adenylyl cyclase than would be anticipated 
from their potency as antipsychotic agents?! or antagonists of 
the dopamine receptor in the anterior pituitary”. Other anti- 
psychotic compounds do not display such differential activity. 
For example, the dopamine receptors in the anterior pituitary 
and those linked-to striatal adenylyl cyclase display approxi- 
mately equivalent affinities for members of the thioxanthine 
series (for example, cis-fluphenthixol), the thiothixene series 
(for example, cis-thiothixene) and (--)butaclamo]* 1-119206, 


Radiolabelled ligands 


A number of dopaminergic drugs, radiolabelled to high ene 
activity, havesx used to identify specific neuronal binding sites 
which may correspond to dopamine receptors. Impressive cor- 
relations have been established between the affinity of certain 
dopaminergic drugs for these specific binding sites and their 
potency in animal and human tests of central dopaminergic 
neurotranamission™. The’ physiological and biochemical 
function of the central dopamine receptors identified by binding 
studies are only just beginnimv be understood. 

The dopamine receptors in the anterior pituitary podus: been 
studied with three different radiolabelled y cn 
dol, dihydroergocryptine® and dopamine". Because diss the 
properties of this receptor are well characterised, a correlation 
between the binding sites and the receptor has been 
possible???! , There is no direct evidence to suggest that any of 
the binding sites identifled in the striatum with radiolabelled 

, haloperidol^??, spiroperidol®*, apomorphine“, 

dihydroergocryptine! or ADTN® are directly related to the 
dopamine receptor which regulates adenylyl cyclase activity in 
this region. Recent studies with kainic acid lesions and ablations 
of the cerebral cortex provide further evidence to distinguish 
some of the specific binding sites from the dopamine-sensitive 
adenylyl cyclase in the striatum®. These experiments imply that 
the striatal dopamine-sensitive adenylyl cvclase is located pre- 
dominantly on neurones intrinsic to the caudate; in contrast, 
most of the striatal haloperidol binding sites.are located on nerve 
terminals- derived from neurones in the cerebral cortex. 
Recently, specific binding sites with properties similar to the 
dopamine receptor regulating striatal adenylyl cyclase have 
been identified in experiments with radiolabelled cis- 
Sipser, 


A classification of dopamine receptors 


It is evident that dopamine receptors can be divided by bio- 
chemical or pharmacological criteria. The bovine parathyroid 
provides an example of a type of dopamine receptor which 
stimulates the enzyme adenylyi cyclase, whereas the mam- 
motrophs of the anterior pituitary contain dopamine receptors 
which do not stimulate adenylyl cyclase. We propose that the 
dopamine receptors in these two tissues are examples of two 
distinct categories of receptor. The properties of these two types 
of dopamine receptors, which we designate D-1 and D-2, are 
summarised in Table 1. This is only the first level of division in 
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the classification of dopamine receptors; it is likely that with” 


further examination, particularly as pharmacological evidence 
accumulates, subcategories of each type of receptor will. be 
discerned. For example, the autoreceptors on terminals of the 
nigro-neostriatal neurones can be differentiated from the 
dopamine receptors in the anterior pituitary/$. · 


Discussion 


As an example of the location of different рше receptors 
within a tissue, it is of interest to examine the striatum, the most 
extensively studied dopaminergic brain region. We are able to 
identify dopamine receptors at five sites within the nigro-striatal 
axis (Fig. 1). The dopamine receptors at three of these sites are 
not associated with adenylyl cyclase (and therefore would be 
designated D-2 dopamine receptors in our classification); at two 


of. the sites, the dopamine receptors are linked to adenylyl ` 


cyclase (and therefore would be designated D-1 dopamine 
receptors). In the striatum there are: (1) presynaptic receptors 
which control tyrosine hydroxylase and are unassociated with an 
adenylyl cyclase; (2), postsynaptic receptors responding to ergot 
agonists in vivo, also unrelated to an adenylyl cyclase; and (3) 
postsynaptic receptors closely associated with an adenylyl 
cyclase. Furthermore, in the substantia nigra there are: (4) 
presynaptic dopamine receptors (which are associated with 
adenylyl cyclase); and (5) autoreceptors (unassociated with 
adenylyl cyclase). From current knowledge, it is not possible to 
construct a theoretical framework ascribing a function, in terms 
of motor control to any of these various dopaminergic 
mechanisms. 

The concept of multiple categories of dopaminergic receptors 
has important implications for therapeutic medicine. Stimula- 
tion of D-1 receptors increases renal blood flow”. Dopaminer- 
gic agonists are currently used to treat circulatory shock; the 
pressor agents previously used had the disadvantage of produc- 
ing renal vasoconstriction and thus decreasing the already 
compromised vascular perfusion of the kidneys. 
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Drugs which modify activity at the D-2 receptor have been 
exploited to treat endocrinological, neurological and psychiatric 
disorders. Bromocriptine, an agonist for the D-2 receptor, is the 
most satisfactory drug for stopping lactation in normal post- 

women or for pathological lactation in-both women and 
men?**’. Up to 30% of women with secondary amenorrhoea 
and infertility have hyperprolactinaemia; in the majority of such 
patients, serum prolactin is reduced by bromocriptine, with 
consequent restoration of menstruation and fertility”. Bromo- 
criptine has also been reported to decrease premenstrual tension 
in normal women® and to improye potency in men with hyper- 
prolactinaemia™. In acromegalic subjects dopaminergic agents 
decrease the pathologically elevated levels of growth hormone; 
bromocriptine constitutes the first medical form of treatment for 
acromegaly, reversing the clinical consequences of abnormally 
high growth hormone concentrations", The neurological fea- 
tures of parkinsonism seem to result from inadequate trans- 
mission at certain D-2 receptors. Bromocriptine has a 
therapeutic effect in the disease", and the selective D-2 
antagonist, molindone, induces the syndrome”, Dopaminergic 
blocking drugs are the cornerstone of treatment of schizoph- 
renia; most of the agents involved are antagonists of both D-1 
and D-2 receptors, but molindone, is an effective agent for 
treating schizophrenia", In support of D-2 receptor involve- 
ment in schizophrenia, it is notable that bromocriptine can 
induce a florid paranoid psychosis”’. 

These examples suffice to indicate that if different categories 
of receptors mediate the various clinical results of manipulating 
dopaminergic activity, better treatment should be attainable by 
developing more specific drugs. At present there are no selective 
drugs for stimulating or inhibiting D-1 receptors in man, but 
recent animal studies suggest that such agents will be 
developed"*7*, The desire to identify selective dopaminergic 
agonists and antagonists derives from the therapeutic successes 
which have been gained in the pursuit of such compounds for 
adrenoreceptors, histamine receptors, and acetylcholine recep- 
tors. 
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Interparticle collisions, radiation drag and differential 
precession all tend to disrupt the rings of Uranus. The first 
two effects lead to radial spreading which would disrupt a 
free ring in = 10° yr. We propose that the rings are confined 
in radius by gravitational torques from a series of small 
satellites that orbit within the ring system. Differential 
precession tends to destroy the apse alignment of the ellip- 
tical s ring. We suggest that apse alignment is maintained 
by the self-gravity of the ring. The resulting mass of the & 
ring is —5 x 107* g. Its radial confinement requires (for 
example) a pair of satellites of mass — 107? g, in circular 
orbits roughly 500 km away on either side of the ring. 





OCCULTATION observations have revealed that Uranus is 
surrounded by at least nine narrow rings’. The correct under- 
standing of the origin and evolution of the rings has proved 
elusive. Àn early attempt to associate the five original rings with 
a series of orbital resonances involving known satellites was 
unsuccessful>”. The subsequent discovery of four additional 
rings has made this approach less attractive.: 
The survival of narrow rings poses difficult dynamical prob- 
lems. 


Dynamical problems. 

Unconstrained rings tend to spread due to particle collisions. 
The characteristic diffusion time tp is comparable to the time a 
particle requires to random walk across the ring"? 


to—-t(Ar/&rP-(Arf|v —  . (0) 


where t, is the collision time, v 1s the kinematic viscosity, Ar is 
the radial width of the ring and ór is the typical semi-major axis 
difference of colliding particles. Because the optical depth is at 
least of order unity, 01,61, where О 1s the orbital angular 
velocity. The minimum value for бг is the mean particle radius d, 
so that у >» d^(). With parameters appropriate for Uranus' rings 
t5 2X 108 (cm/d)* (Ar/10 km)? yr 

The Poynting-Robertson effect limits the lifetime of a ring 
composed of small particles. The torque on an optically thick 
ring of radius r due to radiation drag is 


Tr = (2) 
where Lo is the solar luminosity and a, is Uranus’ semi- major 
axis. “The orbital decay time for a ring of surface density o is 

fpa ~4X10°(0/gcem™) уг (3) 


For the two resolved rings (B and'e) the optical depth т ~ 1 (refs 
3, 4). Because с ~ pdr, where the particles are composed of 
material of density p, the decay time 1s 


fra - 4X 10'(p/g cm ")(d/em). yr (4) 


A ring with a range of particle sizes would spread in the much 
shorter time 


thn ~ ter(Ar/r)~ 10°(o/g cm ?)(d/cm)(Ar/10km) уг (5) 


where r —5x 10* km. 

Combining the relationships for tp and fpr, we find that the 
maximum survival time for a free ring is of order 6x 10* 
(p/g cm 7 (Ar/10 km)*” yr, and is obtained for а ring 
composed of particles with masses —(Ar/10 km) kg. Therefore, 
if the rings are not very young, they must be confined. Three 
lines of evidence point to confinement. First, if the rings are 
young and unconfined, there should also be older, more diffuse 
nngs visible in the occultation data, and these are not detected. 
Second, there is very little inter-ring material. A direct map of 
the rings at A = 2.2 jum indicates that the total light reflected by 
inter-ring material is less than that reflected by the rings, imply- 
ing a mean 7% 10^? between the rings™. Third, the є ring has 
very sharp edges, which implies that it is not spreading. 


Associated satellites 


It is plausible that the rings are associated with small, as yet 
undiscovered, satellites. A satellite can resist tidal disruption at 
the location of the rings if it is either fairly dense, p, 22 g cm ^, 
or small R,«100km (p./10'dyncm ?)^" (p,/gcm^?)"^, 
where р,. is tensile strength (p, ~ 10’ dyn cm ? for ice and ~10° 
dyn cm ? for silicates or metals)!!. 

For the moment assume that both the satellite orbits and the 
rings are circular. Consider a satellite separated from the ring by 
8 distance x. The satelhte exerts a gravitational torque T, which 
tends to repel the ring: 


С?т?гоАг 


Т, S +f, (x^ 


(6) 
where m, is the satellite mass, Ar is the ring width, о 1s assumed 
to be uniform across the ring, and f, is of order unity. The + and 
— signs apply if the satellite is inside or outside the ring 
respectively. Equa uation (6) may be obtained by a crude impulse 
approximation! or by summing the torques from all resonances 
of the form N = n(1,/(n + 1) which lie within the ring (ref. 13 and 
unpublished data). 

It is valid for |Ar|« |х| «г. Diffuse material between two 
satellites will be driven into a ring on which the external torque is 
zero. The external torque deposits angular momentum in the 
inner part of the ring and removes it from the outer part. 
Angular momentum is transported outwards by shear stresses 
due to differential rotation and particle collisions. The ring will 
narrow until these two processes balance. In equilibrium 


G? mira Ar? ап 
Qu “Bat ow | Fi 
In equation (7) we assume that both satellites have the same 


mass. The left hand side is the magnitude of the net external 
torque on either half of the ring and the right hand side is the 


А (7) 
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Fig. 1 Lines of constant satellite distance x, surface density o, 
formation time £j and disruption time г, for rings of width: a, 5 km; 
and b, 50 kin. If the satellites are trapped by resonances the value of 
һ is irrelevant. The lines are plotted for fı =f2™ 1 and particle 
density p = 1 gem” . For fixed Ar, m, andme rap (f/f), 
np fa 1 парі. 


magnitude of the torqu e associated with- the shear stress. As 
discussed earlier v >d“ N.. | 

We now set v ~ f;tYo/p): For a monolayer of particles with: 
optical depth of order unity, f; —1. We neglect the Poynting- 
Robertson torque, which is as important as the torque due to 
shear stresses for d © 10 cm. We argue below that the average 
particle size in the e ring exceeds this limit. 

Before viscous stresses become important, the ring narrows at 
rate d(Ar)/dt = Ar/t,, where 


OP rx? 
fimi 


Using equation (7) it is easy to see that [7 is just the diffusion time: 
tp (see equation (1)) for the ring jn its equilibrium state. This 
fime шше де (OF Ше SOLAR зушав тоса ранын MS 
d»1cm. 

If the satellites are unconstrained they РОЗЕ Я from the ring., 
The characteristic time in which a satellite doubles its distance. 
from the ring is 


ti~ 


(8) 


пт Am mt ` (9) 
where m, is the ring mass, 
(10) 
4 +. 
Sample solutions of equations (7)-(10) are shown in Fig. 1a and 
b. Not ali regions of these diagrams correspond to allowed 
solutions. Our picture is only valid if several resonances from 
each satellite lie within the ring. This 'requires x © (rAr)' ^ — 
700 km (Ar/10km)'7. A similar limit is suggested by the 
requirement that there is at least one satellite between every.two 
rings, as there are at least nine rings in an interval of 10* km. If 


m,-2«orár 
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the satellites are not constrained, we must have h% 5x 10? yr 
However, the satellites may be trapped in resonances with the 
known satellites of Uranus. For the corotation resonances dis- 
cussed previously?" the satellites can be held in resonance if the 
dimensionless strength of the resonance satisfies 


G^m,m, 
rx 


Here & is the amplitude of the resonance term in the disturbing 
potential in units of GM,,/a. In general there are a number of 
resonances between the rings for which. inequality (11): is 
satisfied’. 


P i ni 
Another remarkable feature is that some of the rings are pre- 
cessing ellipses. In particular, the inner and outer edges of the e 
ring can be fitted by aligned keplerian ellipses with semi-major 
axes a + Aa/2 and eccentricities e + Ae/2, where a = 51,284 km, 
€ 7.8x 10^, Aa =60 km and Ae = 7.2x 10"*. The a, B and 4 
rings also seem to be elliptical. The precession is presumably due 
to the quadrupole moment of Uranus. The observed rates for 
thé a and e rings together with the formula 


Rəfi (11) 


2 
(da/dha = shan $) (12) 
2 а / 

yield Jz = 3.43 x 10? for Rg = 26,200 km (ref. 4). Naive appli- 

cation of equation (12) predicts that the inner edge of the ring 

would precess by one revolution relative to the outer edge in 

200 yr. Thus the observed alignment of the inner and outer 
edges must be explained. 

The simplest explanation is that the apsides of the ring 

particles are locked together by the self-gravity of the ring. 


' Consider two particles of mass m moving on aligned elliptical 


coplanar orbits, with orbital elements (а + 8a/2, e + 8e/2, where 
0<8a/a« 1, |бе|/е « 1, e « 1. It can be shown that as a result of 
their mutual gravitational interaction, there is a contribution to 


the precession rate 
2, e [ene 
(a Е т М PA -5 eb eb 0з) 

Here b = aĝe + еда and we have assumed that the orbits do not 
cross, 80 that the quantity inside the square root is positive. 

We can determine the mass m, of the e ring by dividing it into a 
large number of subrings, applying equations (12) and (13) to 
calculate the precession rate of each subring, and requiring that 
all these rates are the same. A crude estimate of m, is obtained 
by making two severe approximations: (1) only two subrings are 
used; (2), it is assumed that |b/8a|« 1. Then we find 


2 
zz 
My 2 ё a). 
Identifying ба and бе with half the total variation in semi-major 
axis and eccentricity across the e ring yields m, = 1.1x 10” g. A 
more careful calculation using many subrings and the exact form 
of equation (13) yields m,=4.8x10"* р, corresponding to a 
mean surface density o 25 g cm ?. We have investigated the 
precession of rings with a wide variety of surface denaity profiles 
and find that m, is insensitive to the details of the profile. 
Moreover, the eccentricity is always larger at the outer boundary 
than at the inner boundary, in accord with observations of the e 
ring. 

We have considered three other potential mechaniams for 
maintaining apse alignment i in a particle ring. First, the satellites 
which confine the ring may induce differential precession which 
cancels that due to the planet’s quadrupole moment. However, 
application of equation (13) shows that the satellite's effect is 
negligible. Second, interparticle collisions give rise to an 
effective hydrodynamic pressure which modifies the particle 
orbits. It is easy to show that smooth pressure gradients’ are 
inadequate to overcome the differential precession. Third, a 


(14) 
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discontinuity analogous to a hydrodynamic shock may form in 
the ring. A preliminary investigation suggests that, although the 
induced precession could be significant, it would not maintain 
rigid precession. 


Unanswered questions 


Even if the model presented here is correct, there remain many 
unanswered questions. We have not discussed the origin of the 
ring material. The approximate equality of the masses of the 
rings and their confining satellites suggest that the rings may 
result from the collisional breakup of the satellites. A more 
speculative possibility is that the rings may reform into satellites. 

Our confinement theory is strictly applicable only for circular 
rings and satellite orbits. Furthermore, we have not investigated 
the growth and decay of the eccentricities of the rings. It seems 
plausible that the satellite torques which confine a ring also tend 
to increase its eccentricity. On the other hand, dissipation due to 
shear stresses tends to decrease the eccentricity. 

If we introduce the surface density deduced for the e ring into 
the equations for the confinement of circular rings (see Fig. 15). 
we find that г, is much less than the age of the Solar System. 
There are several possible explanations. The uncertainty in p, f; 
and x means that t; 5 x 10° yr cannot be ruled out. Also, the 
confining satellites may be trapped in resonances. A 
confinement theory for elliptical rings might yield much larger 


99 


values of ¢;. Finally, the time required for rings to form into 
satellites may be much less than the age of the Solar System. 

The processes which determine the particle size distribution 
and optical depth in planetary rings are not understood. If there 
is a substantial population of small particles, the analysis must be 
modified to include the Poynting~Rabertson effect. 

The sharp edges of the e ring pose a challenge to any theory. 
They suggest that a portion of the corstraining torques must be 
applied very near the ring boundaries. 

We thank G. Colombo and P. Nicholson for helpful dis- 
cussions. This research was supported in part by NSF grant AST 
76-24281 and NASA grant NGL-05-002-003. 
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The first observation of the far UV, emission line spectrum 
of a supernova remnant (SNR), namely a filament in the 
Cygnus Loop, suggests that carbon, initially depleted in the 
gaseous phase by a factor of 10, is progressively returned to 
this phase, presumably by destruction of graphite grains in 
the high temperature, post-shock region. 





MODELS for the cooling and recombination of a collisionally 
ionised gas'* such as is found in SNRs indicate that UV 
resonance lines of various elements dominate the emission 
spectrum in the UV-near IR region. In particular carbon, a key 
element in nucleosynthesis, has no prominent optical lines but 
emits strong UV lines in different stages of ionisation which can 
be used to determine accurate abundances. 

Previous UV experiments have not looked at SNRs because 
of the extended nature and faintness of the filaments. We discuss 
here the first UV spectrum of a SNR obtained with the IUE 
satellite launched in January 1978 as a combined effort by 
NASA, ESA and the SRC. The IUE instrument and its per- 
formance are described elsewhere’. 

One of the brightest filament of the Cygnus Loop, known as 
position 1 in a previous study in the optical region^, was selected 
for the observation. Filaments such as this are explained as being 
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due to radiative shocks of velocity 90-120 km s^! moving into a 
medium of density ~6 cm ? (refs 2, 4, 5). This is consistent with 
the filamentary expansion velocity (—120 km s^), but is much 
lower than that inferred from X-ray data. All observations?" 
favour a plasma temperature of 2-4 x 10* K which would imply 
a shock velocity of about 400 km s~’. The discrepancy has been 
explained as being due to denser cloudlets embedded in lower 
density material". 

It is thought that the UV lines arise from shocks driving into 
these higher density cloudlets. Although no information can be 
obtained on the pre-shock density, the UV data can be used to 
derive a very accurate shock velocity, as described below. 


UV spectrum of a filament of 

the Cygnus Loop 

A single, three-hour exposure was obtained in April 1978 in the 
1,200-2,000 À wavelength region using a blind offset pro- 
cedure. Several emission lines are present including resonance 
transitions of C, N, O and Si plus the Нет 1,640 A emission. 
The strength of the geocoronal Lya prevents any reliable 
measure of the Lya emission from the Cygnus Loop. A 
continuum emission is detected along the full spectrum. The 
standard data reduction technique? was applied. At the time of 
writing an official absolute calibration for the TUE spectrographs 
was not available: to derive the relative intensities of the emis- 
sion lines we have adopted a provisional calibration obtained by 
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Fig. 1 The UV spectrum of a filament in the Cygnus Loop in the 1,200-2,000 A range and the resulting intensity plot with the identified 
emission lines. Several particle events appear as bright points in the three hours exposure. 


R. Bohlin from spectra of the star р Col. As the errors are still 
uncertain, we will discuss the continuum distribution and the 
absolute line intensities elsewhere. 

Figure 1 shows the reduced spectrum and the resulting 
intensity plot with the identifications of the emission lines. The 
spectrum has been smoothed and it is not corrected for inter- 
stellar absorption. The feature at 1,393 À is probably a blend 
of Si rv 1,394 A and S IV 1,385 À, although the silicon should 
always be about four times stronger than sulphur. Two features 
at 1,247 À and 1,886 A are still unidentified: both seem too far 
from the plausible lines of Si 11 at 1,260 A and Si 111 at 1,892 А. 
Note that a small feature assigned to N V at 1,240 A is really 
present even if it has disappeared from the smoothed tracing; its 
intensity has been measured from the original spectrum. The 
unidentified feature at 1,247 A may be a diffuse particle event. 
Intensities relative to the C 111 1,909 A line are given in Table 1. 
The estimated error, due to uncertainty in the sensitivity curve 
and in some steps of the data extraction, is ~30%. 


Physical conditions in the filament 


The UV data can be used to derive a very accurate shock 
velocity. The reason for this is evident from consideration of 
shock models **>''. In the immediate post-shock gas, collisional 
ionisation increases the state of ionisation of the incoming gas, 
but, at the same time, cooling processes rapidly reduce the 
temperature so that the gas never has time to reach collisional 
ionisation equilibrium, although the maximum state of ion- 


isation will follow the same sort of temperature dependence. 
Provided that hydrogen and helium are pre-ionised (which 
occurs?’ for shock velocities 110 km s^), this maximum state 
of ionisation is just a function of the post-shock temperature. 

As the gas cools rapidly, the temperature at which recom- 
bination occurs is effectively dependent only on atomic 
parameters, and is therefore independent of shock parameters. 
For species of very low ionisation potential such as C 1 and $1, 
the effects of photoionisation by the UV photons generated in 
the hot plasma become important and this conclusion is no 
longer valid. 

With this simple model a semi-empirical function can be 
constructed for the ratio of two UV lines produced by ionic 
species, A^" and A"""*', of the same atom. The ionisation 
balance between the ionic species will be of the form: 


(1) 


Where І, is the ionisation potential of ion A’" whose number 
density is N(n). The power m depends on the recombination 
coefficient, but should be ~ 1.3 for a wide range of atoms. 
The flux produced in UV lines is given by 


Fin) CIT? GUT, Z) expo - E/KT)NUON, (2) 


Where E, isthe excitation potential of the transition considered, 
and G(T, Z) is a Gaunt factor of the order unity, a function of 
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both temperature and atomic charge Z (refs 12, 13). From 
equations (1) and (2) a fairly good approximation for the ratio of 
the two lines is: 


Fin+1) — 2 Een) 
Fin) KT 


In practice, the temperature of the zones producing the two lines 
will be somewhat different, but this will be ignored in the spirit of 
the approximation. Hence: 

1, + Envi Е, 


F(n+1)_ 
Fin) =InC,+minT KT (4) 


At low temperature, the last term on the right-hand side 
dominates, and T can be given by the post-shock temperature. 
In terms of shock velocity: 


[| (A ey (5) 


from shock models. Hence, expressing velocities in units of 
100 km s^' and ionisation and excitation potentials in electron 
volts, at low shock velocity, the dimensionless function; 


Fa C I +E,- En ( 100 km =)’ 
F, °  29375eV V 
will correspond to a straight line of slope —1. 

On the other hand, at high shock velocity the ratio of the two 
lines will tend to be constant because they are produced in two 
zones whose temperatures and thicknesses are in constant ratio. 
The graph should therefore become a horizontal straight line at 
high shock velocities. 

At intermediate velocities, two effects working in opposite 
directions have to be taken into account. First, the mean 
temperature of the zone emitting the (п + 1) speciesline does not 
increase as rapidly as in equation (5) when this zone becomes 
thick, but only half as rapidly. This would tend to produce a line 
of slope —0.5, but for the effect of the second term on the right of 
equation (4). For m = 1.3 this tends to steepen the slope by 
—0.169, so at intermediate temperature, the curve should have a 
slope —0.669 or about —2/3. 

Figure 2 shows the universal curve so obtained for all 
temperature-sensitive ratios which reach saturation at the 


= С,Т" exp ( (3) 


In 





log (6) 


log[ R/ Ru] 
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Fig. 2. A plot of theoretical line intensity ratios versus a function 
of atomic constants and shock velocity. The ratios R are expressed 
in units of Rmax, the constant value which is reached at high 
velocities. Г, is the ionisation potential and E, the excitation 
potential for the considered ion and transition respectively. 
@, Represent ratios from models which assume full pre-ionisation 
- over the whole velocity range? , whilst squares are from models with 
incomplete pre-ionisation. 
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Table 1 Shock velocities for Cygnus Loop observations 





Ratio Shock velocity (km s^) 
O 1v A1406/0 11 A1663 117-135 
N VA1240/N 11141750 126-130 
N1VA1485/N 1141750 102-118 
C1v A1549/C 1141909 93-99 
C m1 A 1909/C 11 1335 LER 





highest velocities". Using this in conjunction with the shock 
models referred to above we derive the shock velocities for the 
Cygnus Loop observation given in Table 1. The carbon ratios 
give somewhat lower values than the rest; these are not used for 
reasons given below. We conclude that, for the region observed, 
the probable shock velocity is 121:-10 kms", in excellent 
agreement with the optical values. 


log R 


50 100 150 














Hh (km 872) 


Fig.3 The lines give the trend of various line intensity ratios as a 
function of shock velocity for different models (Raymond (R), 
Shull and McKee! (SM), and Dopita'(D)) assuming standard 
abundances. The position of the Cygnus Locp observation (@) 
suggests an underabundance of all ions of carbon with respect to О, 
N and Si-S. a, O1v/Civ=1,406/1,549 b, Miv/C 
1,485/1,549; c, Ош/С m = 1,663/1,909; d, (Si ту +5 rv € 

(1,394 + 1,385)/1,909; e, N r/C ш = 1,750/1,909.:.. 
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Table 2 UV emission hne intensities 





Computed ., from 
model 


Line А(А) Observed X Е (F+G) Fa (Е+0)а 
Cul 1909 100 100 100 100 100 100 
Nm| 1/50 30 33* ве 12 20* 30 
Om) 1,663 68 128 28 83 70 207 
Неп 1,640 в = — 36 — «190 
Crv 1,549 80 165 252 350 бз 88 
Niv 1,485 34 13 14% 14 35" 35 
Ом 1405 2702 B 9 30. 22 ø 
SM 1393 536 2t 16t 22 40+ 55 
Cu 1,335 48 34 42 5 66 8 


Nv 1,240 31 ‚2 2 14 5 35 


X u a carbon-depleted model with o,=100kms'; F has no 
depletion and о, = 110 km s`}; both are from Raymond's work 

(F+G) m an average from two undepleted models of Shull and 
McKee’? Fy and (F + G), are synthesised models with carbon depleted 
in ratios. 

1.0; 0.4; 0 2 1n the logarithm for C rv, C m, and C 1 

* Not given in the original computation. Estimated from calculated 
intensities of the same species with the help of Dopita! models. 

t Srv not given in Raymond computation. Estimated from Shull and 
McKee! models. 


Determination of chemical abundances 


Аз no hydrogen lines are seen, and the spectrum is dominated by 
the lines of carbon, we derive the abundance of ionic species 
with respect to the carbon species of closest ionisation potential. 
This ensures that the error made in mismeasurement of shock 
velocity is relatively unimportant. 

The Cygnus Loop observation, when compared with the 
results of various shock models, reveals that all other elements 
(О, N and Si +$) are overabundant with respect to carbon. For 
the comparison with C ш, this effect seems to be +0.4+0.2 in 
the log, and by comparison with CIV the effect is larger, 
amounting to +1+0.15 in the log. This effect can either be 
treated as an underabundance of carbon, or an overabundance 
of everything else. However, the former is the simplest hypo- 
thesis, and we adopt this here. In any event, observations of 
interstellar dark clouds!^ lead to underabundances of carbon in 
the gaseous phase of about a factor 10, very similar to the C IV 
value derived here which is ascribed to graphite grain formation. 

In a radiating shock, such graphite grains would pass into the 
high-temperature zone, and if they are destroyed by the passage 
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through the radiating zone, this would show up as a progressive 
repletion of.carbon in the gaseous phase towards lower 
temperature. This effect is precisely what is observed here, C Iv 
being 0.6 (in the log) less abundant than Сш. At risk of 
overinterpreting the data, the C п/С 111 A1335/A 1909 ratio the 
data suggests a depletion of 0.2+0.2 for Сп. 

Introducing depletions of 1.0:0.4:0.2 (Crv:C m:C um) 
makes all the data consistent. In particular, the 
Civ/C 01A1549/A1909 ratio gives a low shock velocity 
without differential depletion. When this is included, however, 
the shock velocity derived from this ratio is in the range 110— 
123 km s, in full agreement with the other values. 

This internal consistency is reflected in full shock model 
calculations summarised in Table 2. The Raymond model” X, 
used to reproduce the optical spectrum, had a velocity V,— 
100 пз! with a depletion of both carbon and silicon. 
Although this model is a reasonable fit for many lines, it fails for 
the high excitation ones (such as N IV, O IV) indicating a too 


: low velocity. Higher velocity models without depletion, F and 


(F--G), fail by predicting too strong CIV and other lines 
somewhat too weak. Only for the differentially depleted models 
is there a good fit, with all lines fitting the observations to within 
a factor of about two, which, bearing in mind the uncertainties in 
the atomic physics and modelling procedures, is about as good as 
could possibly be achieved at present. 


Conclusion 
There is very strong evidence that carbon, initially depleted in 
the gaseous phase by a factor of ~10, is progressively returned 
to this phase through the.cooling zone, presumably by destruc- 
tion of graphite grains. The mechanism of this process will be 
discussed in full in a later paper. ^ 

This work was based on observations by the IUE collected at 
the Villafranca Satellite Tracking Station of the ESA. 
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Tholins: organic chemistry of 
interstellar grains and gas 


Carl Sagan & B. N. Khare 


Laboratory for Planetary Studies, Cornell University, Ithaca, New York 14853 





A complex organic solid produced from cosmically 
abundant molecules helps to explain many properties of the 
interstellar grains and gas. 





FOR the past decade we have.been producing" * in our labora- 
tory a variety of complex organic solids from mixtures of the 
cosmically abundant gases CH,, C;H«, NHs, Н.О, HCHO, and 
HS. The product, synthesised by ultraviolet (UV) light or spark 
discharge, is a brown, sometimes sticky residue, which has been 
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called, because of its resistance to conventional analytical 
chemistry, 'intractable polymer'. However, we have recently 
suceeded, through sequential and non-sequential pyrolyses 
followed by gas chromatography-mass spectrometry (GC-MS), 
in determining something of the composition of this material" ^. 
It is clearly nota polymer—a repetition of the same monomeric 
unit—and some other term is needed. We have discussed this 
material as a constituent of the Earth’s primitive oceans and 
therefore as relevant to the origin of life’; as a component of red 
aerosols in the atmospheres of the outer planets and Titan??; as 
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Fig. 1 Light microscopy (a) and scanning electron microscopy 

(b-d) of spark tholins heated to 920 *C. The smallest particles in (d) 

are the size of interstellar grains. Also shown (e-f) is the quite 

different gross structure of UV tholins without elemental S, prob- 
ably rich in disulphide bridges. 


present in comets, carbonaceous chondrites, and pre-planetary 
solar nebulae^^; and as a major constituent of the interstellar 
medium, which is the concept discussed here. We propose, as a 
model-free descriptive term, 'tholins' (gk ӨбАос, muddy; but 
also Өолӧс̧, vault or dome), although we were tempted by the 
phrase 'star-tar'. The properties of tholins will depend on the 
energy source used and the initial abundances of precursors, but 
a general physical and chemical similarity among the various 
tholins is evident. 

UV tholins are produced by near-UV photodissociation of 
H;C or HCHO, and chain reactions involving the resulting 
superthermal H atom. Spark tholins, first made by S. L. Miller®, 
are produced by electrical discharges. Both involve the high- 
temperature dissociation of precursor gases and subsequent 
low-temperature recombination of radicals. A comparison 
of the two tholins which we have studied most is presented in 
Table 1. The 50 or so identified pyrolitic fragments in each 
tholin extend to molecules as complex as C;-alkylbenzenes, 
C,-alkylthiophenes, C,-alkyldisulphides, and  C.-alkyl- 
thiocyanates in UV  tholins; and  C,-alkylbenzenes, 
C;-alkvlindanes, methylethylpyrazine, glutaronitrile, and 
CH;—CH-—CH-CHCH;CH;CH, (heptadiene) in spark thol- 
ins. (A full list of identified fragments can be found in refs 3 and 
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4.) There is evidence of amino acid precursors—perhaps poly- 
peptides—in both tholins*, and a variety of biologically interes- 
ting amino acids, including cystine, heve been isolated on tholin 
hydrolysis'. The overall tholin structure may be a complex 
matrix, dotted with aromatic hydrocarbons, pyrroles, pyridines 
and other rings, and crosslinked with long-chain alkanes, 
alkenes and polypeptides, somewhat similar to the structure of 
kerogen or coal. Scanning electron micrographs of tholins are 
displayed in Fig. 1. The highest molecular weight fragments 
which have been identified are about 150 daltons, but fragments 
at 500 to 700 daltons have been observed and still heavier 
fragments obviously exist. The TGA thermal stability, especially 
for the spark tholin (Table 1), is impressive; the tholins have 
experienced a kind of stability natural selection during their 
synthesis in a UV or high energy proten environment. In their 
production, the UV tholins received a UV dose exceeding the 
interstellar near-UV energy density integrated over the lifetime 
of the Galaxy. The greater complexity ef spark over UV tholins 
at highest magnifications (Fig. 1d, 1f) may be consistent with the 
higher stability of the former. We argue here that the tholins are 
a major constituent of interstellar grains and that their spallation 
products—similar to the pyrolytic GC-MS fragments—are the 
primary source of the organic molecules found by microwave 
line spectroscopy in the interstellar gas 


Table 1 Comparison of typical UV and spark discharge tholins 





Uv? Spark* 
Initial reactants CH,, C2H6, NH3, CH4, NH3, H2O 
H20, H2S (roughly (~2.5%) 
equimolar) 
Energy source 2,537 Å Hg lamp High-frequency tesla 
coils 
TGA, 50% = 300 °С -900 °С 
thermal 
dissociation 
temperature 
Atomic Apart from S: H, 5.0%; C, 47% 
composition 


H, 3.8%; C, 37%; N, 36%; O, 12% 


N, 11%; O, 48% 
Principal GC-MS 


Alkanes, alkenes, Alkanes, alkenes, 


Pyrolytic aromatic abundant nitriles, 

products hydrocarbons, aromatic 
alkylthiophenes, hydrocarbons, 
alkylmercaptans, alkylbenzenes, 
alkyldisulphides, indenes, indanes, 


pyrroles, pyridine, 
and pyrazines 


isothiocyanates and 
some nitriles 





The conventional composition assigned to interstellar 
grains—on the basis of their UV and IR spectra, optical 
frequency extinction, polarisation data and cosmic abun- 
dances—is a mixture of silicates, water ice, graphite, carbo- 
rundum and ігоп’°. The silicate and ice identifications are 
probably secure, on cosmic abundance gsounds and also, for 
example, because interstellar features attributed to silicates are 
also seen in the circumstellar envelopes ef oxygen—rich red 
giant stars. However, it has long been recognised that complex 
organic molecules provide a possible expianation for several 
otherwise puzzling properties of the interstellar medium. Sagan" 
argued that the in situ formation of the more complex inter- 
stellar gas molecules was very difficult to understand, and 
suggested instead that they are degradation products of the 
interstellar grains, which he proposed included stable complex 
organics, ejected from solar nebulae by radiation pressure and 
stellar winds in the early stages of evolution of stars later than 
spectral-type F. The fact that the abundaaces of interstellar 
organics do not decline steeply with heavy atom number points 
strongly to an origin as dissociation products of more complex 
organic species rather than an in situ synthesis from interstellar 
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Table 2 Proposed origin of interstellar molecules (All interstellar molecules composed of C, H, N, and O, known as of mid-1978, are listed, column 
‘ numerals represent heavy atom number) 





Gas phase Interstellar 


Molecule | spark”? 
1. Hydrogen Ha 
Methane CH, x 
Methylidyne CH, CH* x 
Ammonia NH, x 
-Amino radical NH; '"UX 
Water OH, x 
Hydroryl OH $ x 
2 Ethynyl |: CECH, 
Acetylene HC=CH x 
Methylamine CH3NH; 
Methyleneimine CH;—NH 
Cyanogen х C=N 
Hydrogen cyanide HCN, HNC 
& isocyanide 
Carbonyl! А C=O 
Formyl у HCO, НСО“ : 
Formaldehyde HCHO 
Methanol CH;0H 
3. Methylacetylene Ch,—C-—CH 
Acetonitrile CH;C=N X 
Cyanamide NH,C=N 
Acetaldehyde CH;CHO 
Formic acid HCOOH 
Formamide NH,CHO 
Ketene. ‘ CH4—C-—O 
Isocyanic acid HN=C—0 
Ethanol CH4CH;OH 
Dimethylether (СНО 
4. Cyanoethynyl C=C—C=N 
Cyanoacetylene HC=C—C=N 
Acrylonitrile CH;—CHCN 
Methylformate СНСООН 
Tropionitrile CH3CH4CzN 
6. Cyanodiacetylene CH=C—C=C—C=N 
8. Cyanoctatetrayne CH=C—C=C— 
C=C—C=C—C=N 
(Table courtesy of L. E. Snyder.) . 





Relevant laboratory experiment 
Spark Пу 
frost? pyrolyss ^ pyrolysis? 


X x Precursor gas 


Pa X 


x 


PA 00 54 DA Da pS 


Any acetyl or ethynyl group 


Tholin amino cmpds. (see text) 
CH3NH; - H, HNC +H, etc 
Any nitrile 

Many nitriles 


ҳ 
хх XXX 
жуе" XX ре DK Dd OK Od 


* 


Any aldehyde 


Propene ~ Н, etc. 
Tholin amino cmpds. (aee text) 


“= м XX 
bad 


Tholin amino cmpds. (see text) 

Acetaldehyde — H, etc. 

Formamide—H (note analogy 
to isothiocyanates) 


Methanol + CH3 
Acrylonitrile — H, 
Propylnitrile — H, etc.” 
Acrylonitrile — H, etc. 


X 
X 


Pentenenitrile — H, ete. 
Benzonitnle ring 
breakage — H 


* All molecules cited in this column are identified either in tholin pyrolyzates or in the interstellar medium. 


gas. If the presumed dissipation of the preplanetary solar nebula 
in our Solar System is typical of main sequence stars generally, a 
significant contribution"? of organics to the interstellar medium 
is made, probably enough to coat silicate cores formed, for 
example, in circumstellar shells (see ref. 40). He suggested that 
the composition of the interstellar grains might be similar to that 
in contemporary carbonaceous chrondrites and cometary 
nuclei. Because interstellar grains might be abundant in pre- 
planetary solar nebulae, and contribute to cárbonaceous chon- 
drite chemistry, we note the possibility of multiple recycling of 
stable organic matter between circumstellar disks and inter- 
stellar clouds. 

Alternatively, we have shown experimentally? that near-UV 
irradiation at 77 K of stacked layers of HCHO, H,O, NH, and 
C,H, on a silicate matrix produced, on vapourising the frosts, a 
variety of simple organic molecules similar to those found by 
microwave spectroscopy in the interstellar medium, and 
suggested that organic synthesis also occurs in situ on ice-coated 
grains of silicates or other materials. For both modes of 
synthesis, Sagan’? proposed that labile molecules would be 
preferentially destroyed, and that the steady state molecular 
population of the grains must, through natural selection, be 
exceptionally stable complex organics. Because of the Frank- 
Rabinowitch principle on the stability of multiply cross-linked 
structures, unbranched ‘aliphatics, say; are not expected to be 
dominant, while polycyclic aromatics, complexly branched 


aliphatics and a matrix of mixed rings and aliphatics would be 
much more likely. Subsequently, Knacke’? argued that complex 
organics, including one of.our UV tholins, might help explain 
several unidentified or puzzling interstellar IR absorption or 
emission features, but was unable to secure an entirely accept- 
able fit. 

Since this early work, very similar ideas seem to have been 
taken up by Hoyle and Wickramasinghe ^", who have paid 
particular attention to the growing body of data on IR absorp- 
tion and emission in the interstellar medium. They showed that 
organic polymers display absorption in the 3 and 8 to 12 шп 
regions which roughly match the interstellar absorption. In fact, 
a very wide range of mixtures of complex organic molecules will 
satisfy such unrestrictive absorptivities, because the 3 pum- 
absorption corresponds to characteristic vibrational transitions 
of O—H, N—H and, particularly, C—H bonds, while the 8— 
12 шп region is charactenstic of C—C, C—O and C—N 
functional groups. But they then went on to attempt a more 
detailed match of organics with interstellar abeorption, and 
claim to have 'identified' the formaldehyde polymer poly- 
oxymethylene and, later, polysaccharides as major constituents 
of interstellar grains; and have gone still further in postulating 
sporopollenin, a particular category of polysaccharides found in 
the cell walls of spores and pollen’, with typical empirical 
formulae ranging from СьоН,.; Озо to CooH за Ола, аз a reason- 
able candidate for the composition of interstellar grains. 
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However, no plausible mechanism for producing such a poly- 
saccharide in the interstellar medium or in circumstellar 
envelopes has been offered. They are not abundant products in 
typical experiments on prebiological organic chemistry which 
involve the irradiation or heating of cosmically abundant 
substances. They and their pyrolyzates do not appear, to the 
limit of experimental detectivity, in our analysis of tholins, 
including experiments in which H,O is in excess. Poly- 
saccharides are composed only of the atoms H, C and O and 
therefore do not reflect the high cosmic abundance of N and S, 
which, as the composition of tholins clearly illustrates, should be 
major constituents of organic molecules produced from 
cosmically abundant gases. Moreover, the idea that any parti- 
cular molecuie such as sporopollenin, or even a particular class 
of organic molecules such as the polysaccharides, should be 
typical of interstellar grains seems very unlikely; labora- 
tory experience suggests that a very wide range of products 
should instead be produced under all plausible production 
scenarios. 

There is no such thing as a common IR spectrum characteristic 
of all galactic sources. Absorption features are well-known in 
many sources near 3, 10 and 20 рт, but with significant vari- 
ability from source to source (and in some cases even with time) 
in the band central wavelengths, depths and half widths. Addi- 
tional absorption and emission features are known in some 
sources at 3.3, 6.0, 6.2, 6.8, 7.7, 8.6, 11.3 џт and other 
wavelengths. The very variability of IR spectra from source to 
source implies that a variety of molecules are responsible. On 
cosmic abundance grounds and on the basis of detailed models it 
seems likely that the 3.1, 9.7, and 18.5 um features can be 
explained, perhaps in all cases, by water or ammonia ices and 
silicates. (Features attributed to ices are very rare in the general 
interstellar medium and are apparently found only in molecular 
clouds!?79), But even for these features many problems exist. In 
the source. OH 26.5 + 0.6 the 3.1 jum feature is unlikely to be ice 
because the grain temperatures are too high although it may be 
due to gas phase (C;H; - HCN) molecular absorption in a cool 
stellar atmosphere; also the grains show appreciable opacity 
shortwards of 7 рат where silicates are generally transparent”. 
In compact: H H regions and NGC7027 there is a strong emission 
feature at 3.3 рт which cannot be due to ice, in turn invoked for 
Н п regions to explain the adjacent 3.08 um feature", In 
OH231.8 + 4.2=0H0739 — 14 a deep feature at 3.08 ат still 
has substantial wings at 2.3 um, inconsistent with ice; in addi- 
tion, the relative extinctions at characteristic wavelengths for 
silicates and ice are inconsistent with known oscillator strengths 
and cosmic abundances. Likewise the band shapes and depths of 
features attributed to water ice and silicates in the galactic 
centre?* and in the Becklin-Neugebauer Object"? in the 
Orion Nebula are inconsistent with cosmic abundances. The 
spectra of compact H II regions at 20 to 33 jum are not readily 
understood in terms of their 10 um absorptions if silicates аге 
invoked for both?*. Some of the foregoing difficulties may be 
resolvable with tholins as additional constituents in the inter- 
stellar medium. 

Figures 2-4 display the IR spectra of UV and spark tholins, 
and a few of their extracts and high-temperature phases, 
compared with a variety of other materials—including a sporo- 
pollenin; a thin layer chromatography cellulose matrix, as an 
example of non-sporopollenin polysaccharides; carbonaceous 
chondrites?"?*; and two galactic spectra, one of which is Hoyle's 
‘best fit’ to many galactic IR sources??. Spark and UV tholins 
exhibit substantial family resemblances in the IR; some of the 
differences are due to S compounds present in the latter and not 
the former. Heating tholins to high temperatures seems to 
destroy short wavelength absorption bands and increase 
continuum absorption. Functional groups are well-known to 
shift band central wavelengths by several tenths of a um 
depending on physical state and adjacent chemistry. Some 
tholin IR absorptions may be due to collective phenomena (long 
polymers, for example, having different spectra from 
monomers); tholin spectra will vary from source to source 
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depending on precursor abundances and energy sources at their 
origin, heating and irradiation during ejection from circum- 
stellar clouds, and other effects. We believe that mixes of tholins, 
such as that in Fig. 3, match the galactic spectra at least as well as 
sporopollenin, and exhibit the additional virtue of having a 
plausible synthetic mechanism. The fit of four spectral features 
between 3 and 40 um will occur by chance with a probability 
107?. We anticipate still better agreement with interstellar spec- 
tra for mixes of tholins, ices and silicates. 
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Fig. 2 Comparative IR spectra of a, UV tholin; b, UV tholin, 
elemental S removed; c, UV tholin, elemental 5 removed, heated 
to 450 °С; d, methanol extract of UV оп; e, methanol extract of 
chromatographically separable yellow component of UV tholin; f, 
spark tholin. Vertical lines 3, 11 and 18 wm are for reference. 


In NGC7538E, a compact IR source associated with a rich 
molecular cloud complex, there are unidentified features? at 
6.0 and 6.8 рт which correlate with the presence of the 3.1 um 
feature, but not the 9.7 um feature. But in our early work on the 
IR spectra of UV tholins we noted’ the presence of features at 
3.42 and 6.87 um due to long-chain alkanes, and near 6.0 uum 
due to alkenes. In fact the presence of thesefeatures was a major 
early clue that long-chain alkanes and alkenes are an important 
constituent of tholins, a conclusion since confirmed by GC- 
MS**. Willner et al.*°, who discovered the 6.0 and 6.8 um 
features in NGC7538E, hold that a problem with the alkane and 
alkene identification is that the ratio of gas phase CO to grain 
CH, or CH; would have to be as high as 1/3. but such groups are 
the dominant functional groups in all anaiysed tholins. If the 
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Fig. 3 Comparative IR spectra of a, a sporopollénin ^^ b, TLC 

cellulose; c, Hoyle's7? galactic ‘best fit’; d NGC 7538E™: e, UV 

tholin —- S; f, bnear superposition of (a), (c) and (d) of Fig. 2. The 

transmission in the 760 to 200 ст! region in Fig. 2d is added at 
the 100% level. 


mantles of interstellar grains are made significantly of tholins, 
the high methyl and methylene abundances become plausible. 
There is also a hint in the spectra of NGC7538E of absorption at 
4.6 um, which is characteristic of C=C and CzN; Features near 
6.2, 7.7, 8.6 and 11.3 jum first found?! in NGC7027—and since 
found" in many other regions of the Galaxy, as well as in 
M82—have analogous absorptions in several tholins (Figs 2 and 
3). The presence of 8.7 and 11.3 jum features in the young IR 
source GL437 implies that they are not produced by 
anomalously abundant elements which might be present in 
highly evolved objects", but rather must be attributed to typical 
cosmic abundances, consistent with organic molecules. 

It is a natural speculation that tholiris are present in carbon- 
aceous chondrites, and we? and Knacke'^ have compared 
relevant IR spectra; The agreement is góod but not excellent for 
samples of Murray and Orgueil. We note here (see Fig. 4) a quite 
good agreement between a particular (hot-water soluble, cold- 
water insoluble) íraction of the Mokoia carbonaceous 
chondrite?" and Hoyle’s ‘best fit’ galactic spectrum”. 
However, the chemistry of Orgueil, determined"? under iden- 
tical conditions of pyrolytic GC-MS as the tholin analysis, 
demonstrates a relative dearth of S and N compounds (especially 


nitriles) in Orgueil. Depolymerisation of the Murchison carbon- ` 


aceous chondrite reveals a range of organic products very 
similar to that of S-free tholins?. More work is clearly needed 
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on the comparative organic chemistry of carbonaceous chon- 
drites, and, in particular, of the appropriate fraction of Mokoia. 

The principal UV interstellar absorption feature is at 2,200 A, 
conventionally attributed to graphite, which should be formed 
and ejected by C-rich red giant stars. However, the graphite 
identification requires that its structure be well-ordered, which 
is unlikely in the interstellar radiation environment. Large 
sheets of polycyclic aromatic hydrocarbons have similar 
absorption features, but are subject to the same objection. 
Sakata et al.” have found a 2,200 A feature in a hexafluoroiso- 
propanol'extract of the Murchison carbonaceous chondrite and 
attribute its présence to organic molecules with conjugated 
double bonds of the sort C=C—C=C and C=C—C=N. But 
süch molecules are abundant in tholins, as in butadiene, 
heptadiene and butenenitrile. Polysaccharides, on the other 
hand, exhibit no such feature”. ; 

The optical region of the interstellar spectum is noteworthy 
for the presence of a set of diffuse interstellar lines, the most 
prominent at 4,428 À, which have resisted identification for 
40 years. The hypothesis that 4,428 A is the Soret band of 
porphyrins (tetrapyrroles) is interesting in the light of our 
identification of pyrrole in spark tholins, but there are serious 
difficulties with this idea'?. Douglas? has recently argued that 
the diffuse lines arise from radiationless internal conversion of 
long-chain C molecules, where the carbon number lies between 
5 and 15. Many abundant tholin pyrolysis products satisfy this 
description. Tholins have a substantial absorption in the blue, 
responsible for their brown appearance, which is not due to'S, 
and may be caused? by conjugated polyenes, H (CH=CH), Н, 
where n 26, Our pyrolysis fragments’ give good evidence for 
dienes in both tholins, and longer polyenes seem likely. If tholins 
are the principal constituents of the interstellar grains, the 
important conclusion follows that interstellar extinction is not 
merely due to scattering but must take account of substantial 
pure absorption as well (k ~ 10° cm? g^! in the violet for UV 
tholins’), ' 

The radii of particles ejected by stellar radiation pressure or 
stellar winds during the Hayashi or red giant stages of stellar 
evolution depend on the complex refractive index of the parti- 
cles, but particles larger than a few шп are unlikely to be ejected. 
Thus the large tholin particles shown in Fig. 1 would not be 
ejected, but rather remain in circumstellar space, until degraded 
by sputtering or other processes into ejection-sized fragments. 
The smallest particles seen in Fig. 1d are, however, <1 jum in 
diameter and would thus be ejected, but they seem to have the 
size and at least some of the composition of interstellar grains. 

From this general picture, we hypothesise!? that the organic 
molecules.detected by microwave line spectroscopy are chiefly 
spallation, spluttering or photodissociation products of tholins 
in interstellar grains, although UV and coamic ray-induced 
positive ion-molecule reactions produce the spheric 1 inter- 
stellar organics in dense clouds. Typical lifetimes“ of icy or 
dusty grains, unprotected by surrounding interstellar clouds, are 
10*-10° years. The interstellar molecules should then resemble 
the pyrolyzate or MS cracking pattern of the tholins, or the 
vapourisation products of organics produced by low-tempera- 
ture UV irradiation of condensates of abundant interstellar 
gases”. In Table 2 this comparison is performed for all identified 
interstellar molecules composed of H, C, O and N. For simpli- 
city, we have neglected S compounds, but the array of such 
compounds in appropriate tholins' shows that no problems in 
interpretation are thereby posed. Every identified interstellar 
molecule either is produced directly in a relevant experiment 
(75%) or can be produced plausibly from tholin pyrolyzates 
(25%). Molecules with amino groups are in a special category, 
since they are degraded to nitriles during pyrolysis; however, the 
detection of amino acids in our UV tholins, with the very large 
quantum yield on hydrolysis of ~10~*, shows! that amino groups 
or their precursors should be present in abundance. There is a 
tendency (Table 2), perhaps not yet statistically significant, for 
even C numbers and odd heavy atom numbers to be avoided in 
high molecular weight interstellar fragments; tholin pyrolyzates 
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do not show such a trend and it will be interesting to see whether 
microwave lines corresponding to 5, 7, 9 and 11 heavy atoms 
(such as, methacrylonitrile or toluene) will be found. 

The investigation of cometary spectra has now yielded simple 
nitriles and aldehydes, molecules plausibly derived from 
cometary tholins formed in the solar nebula!? and preserved in 
deep freeze for the intervening 5x 10? years. The similarities 
between cometary and interstellar molecules are sufficiently 
great that searches for a wide range of tholin pyrolyzates and 
their products seem desirable by remote spectroscopy, but 
particularly by m situ analytic chemistry in a cometary fly- 
through spacecraft mission. More generally, the tholin frag- 
ments identified in the laboratory? are plausible candidates for 
future studies of the interstellar medium by UV, visible, IR and 
microwave spectroscopy. Several molecules (HCN, CH;CN, 
HCHO, CH;CHO, C;H4OH) were found !'?" in such laboratory 
experiments before their detection in the interstellar medium. 
The fact that molecules of some considerable complexity are 
predicted from the tholin argument suggests the need for 
comprehensive compilations of laboratory spectra of organic 
molecules, especially in the microwave region. The number of 
molecules is now so large for a finite microwave spectrum that 
statistically some molecules identified on the basis of one or two 
spectral lines may have been identified in error!?, 


Wavelength (um) 


7 911 15 5 





Fig. 4 Comparative IR spectra of a, UV tholin пих [Fig. 3 f]; b, 

Hoyle's?? galactic ‘best fit', c, benzene-methanol extract of the 

Orgueil carbonaceous chondrite?"7*; d, hot-water soluble, cold- 

water insoluble extract of the Mokoia carbonaceous 
chondrite.” 2 


We believe the connection of this work with the origin and 
evolution of life on Earth to be indirect, although certainly 
interesting. The large scale production of complex organics in a 
preplanetary cloud, and the abundance of simpler organics in so 


inhospitable an environment as the present interstellar medium, 


surely imply that prebiological organic chemistry is easy, that 
much higher quantum yields and synthetic productivities should 
have applied on the primitive Earth. The presence of cyano- 
acetylene in the interstellar medium makes its presence, and the 
copolymerisation of biologically interesting molecules which it 
induces™, more likely оп the primitive Earth. But the Earth's 
surface was probably molten in its early history, and organic 
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` molecules are unlikely to have survived from the epoch preced- 


ing the formation of the Earth, although they should have 
accumulated thereafter. In any case the synthesis of organics on 
the primitive Earth seems to have been entirely adequate at least 
for our present level of understanding of the origin of life!192*, 
Surviving exogenous molecules are not needed. Likewise there 
seems to be no way for indigenous organisms to evolve—the 
heavy atom collison rate precludes more than about 50 inter- 
stellar generations in the age of the Galaxy and the organic 
reaction rates in cometary nuclei in the Oort cloud should be 
negligible—much less to arise in the interstellar medium? If 
such organisms did exist??^?, their pathogenicity on Earth might 
be an open question, but organisms such as the influenza virus, 
with a molecular biology entirely typical of indigenous ter- 
restrial organisms, are implausible in the extreme, as extrater- 
restrial pathogens. There may be a common organic chemistry 
on countiess worlds as in the interstellar medium; but the 
stochastic nature of the evolutionary process makes it highly 
improbable that the biochemistry of extraterrestrial organisms 
will resemble very closely the biochemistry with which we are 
familiar on Earth. 
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Synthesis of rabbit B-globin in cultured 
monkey kidney cells following infection _ 
with a SV40 B-globin recombinant genome 
Richard C. Mulligan, Bruce H. Howard & Paul Berg , К S 


Department of Biochemistry, Stanford University Modical-Center, Stanford, California 94305 


Rabbit 8-globin complementary DNA (cDNA) has been 
inserted into SV40 DNA in place of the gene coding for the 
virus’ major capsid protein, VPI, The recombinant 
genome, SVGT5—RaBG, multiplies efficiently in CV1 
monkey kidney cell cultures and is transcribed to yield 
cytoplasmic, polyadenylated hybrid mRNAs coritaining 
the B-globin coding sequence. Cells propagating SVGTS5- 
RaßG produce substantial quantities of rabbit B-globin 
polypeptide. . 


3 





MAMMALIAN cells infected with SV40 virus carrying cloned 
eukaryotic genes provide one system in which the expression of 
eukaryotic genes can be studied! ?. SV40 is particularly attrac- 
tive as a transducing vector for various reasons. The virus 
genome consists of a single, small, covalently closed circular 
DNA molecule, whose entire nucleotide sequence has recently 
been determined"; the viral DNA is obtainable in large quan- 
tities and relatively pure form; the genomic regions responsible 
for the various viral functions have been accurately located with 


ур, 


inner sequence) The dashed Ime 





respect to a detailed physical map of the ОМА“; the viral 
genome can multiply vegetatively or as an integral part of 
cellularchromosomes;.and a wealth of information exists on the 
replication and expression of the viral genome and.their regula- 
tion in different host cells. — А E 

To date a number of genes have been recombined in-vitro with 
SV40 vectors and propagated in cultured monkey kidney cells; 
these include segments of A phage DNA‘, Escherichia сой 
DNA coding for ВМА?” (ref. 3), thymidine kinase (S. P. Goff 
and P. Berg, in preparation), guanine phosphoribosyl trans- 
ferase (R. C. Mulligan and P. Berg, unpublished) and Drosophila 
melanogaster DNA containing the genes for H2A and H4 
histones (H. Hofstetter and P. Berg, unpublished). Although the 
exogeneous DNA segments are transcribed during infections 
with each of these recombinant genomes, discrete, mature 
functional mRNAs have not been detected. , 

We report here the construction. and propagation of a recom- 
binant genome in which virtually all of the coding sequence for 
the major capsid protein, VP1, located between map cóor- 
dinates 0.945 and 0.145 (see Fig. 1a) has been replaced by a 
cDNA that specifies the entire amino acid sequence of rabbit 
B-globin*?. Cells infected with the recombinant genome 
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BgilI собописісазе cleavage site of pBR322-8G2 (inner sequence). The nucleotide sequences between these dashed lines show the §-globm cDNA sequences 
excised 


insexted into SVGTS and the SV40 sequences 


VP1 and -globn. The B-globin cDNA sequence m pBR322-8 2 contains 35 nucleotides proximal to the minator AUG in B-globin mRNA The small hatched bar 
spens the region containing the inthation 8-globm codon, the 438 nucleotides specifying the entire B-globin protem ammo acad sequence, and the translation 
termmator codon р 
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ЕҸ.2 Construction of SV40-RagG recombmant genome а, Construction of SVGTS vector. Apprommately 100 ug of SV40 DNA were mcubated with 100 U of 
Ніж endonuclease (Boehringer) for 50 mm at 30 *C m 10 mM Tra, pH 7 5, 5 mM MgCh, 50 mM NaCl, 1 mM DTT The partal digost was electrophoresed on a 
0.8% agarose gel in Tris-borate buffer 5 to obtain full-length linear DNA molecules The full-length hnear DNA band was eluted clectrcphoreticaily from an excased 
gel slice, digested with an excess of BamHI endonucleases (N E. Biolabs) m 6 mM Tns, pH 7 5 containmg 6 mM B-mercaptocthanol and 6 mM MgCiz, then, after 
adjusting the Tra to 100 mM, the mixture was digested with an excess of EcoRI endonuclease (N E Biolabs). The digest was ona 0 7% agarose gel 
and tho largest band (4.2-kobazse) was excused and electroeluted To remove resxdual agarose, the DNA was absorbed to a 0 5 ml DE-52 column equilibrated with 
TE (10 mM Trs, pH 7.5, 1 mM EDTA), after wishing the column with TE the DNA was eluted with TE contammg 1 M NaCl b, Subcloning of £-globin cDNA PAGI 
DNA was incubated with 1,200 U o£ S; nuclease (Miles) for 30 mm at 50 °C m buffer contammg 30 mM sodium acetate (pH 4.5), 1 mM ZaSO,4, 0 2 M NaCl and 45% 
(w/v) formarmde 7. The digestion was terminated by tbe addition of 10 mM EDTA, the DNA was preerprteted with ethanol and electrophoresed in a 5% acrylamide 
gel m Trs-borate buffer for 3 h at 125 V. The ethuinun bromide stained band containing the 8-globin cDNA (0.50.58 kilobases) was excised and electroeluted One 
ug of the B-giobin cDNA wes mcubated with 3 ра E.coli polymerase I (provided by A. Kornberg) m 25 ul contauming 60 mM Tris, рН 7.5, 8 mM МЕД, 10 mM 
B-mercsptoethanol, 1 mM ATP, and 0.2 mM of each of the deoxynucleoside trispbosphates for 10 mm at 12°C to convert ‘ragged’ mto ‘blunt’ ends! P-labeled 
CCAAGCTTGG oligonucleotide (obtamed from Collaborative Research) was added in a 50-foid molar excess relative to the cDNA termini and the reaction 
adjusted to contain 1 mM ATP. T4 DNA hgase (Bethesda Research Laboratory) (50 U ші !) was added, the mrxture (50 ш) incubated for 1 h at 20°C and then 
heated at 80°C for 5mm After adjusting the salt concentrabon to 50 mM, Нач endonuclease (15 шиш) was added and after 4 h at 37°C, the digest wes 
electrophoresed on а 5% acrylamide gel The B-globm cDNA band was located by , excised, and electrocluted Approximately 0 7 ug of the 
recovered DNA was mired with 1.2 ug of HindIII endonuckease-cleaved pBR322 DNA In 50 mM Tris buffer, pH 7 8, contaimng 10 mM MgCh, 20 mM DTT, and 
1 mM ATP (ligase buffer), 5 units of T4 DNA ligase were added and after an overnight meubation at 12 “С, suitable dilubons of the ligated mixture were introduced 
into HB101 (ref. 20). Transformants were selected on agar medium conteming 20 jg ml ampzcillin. Approximately 10* Amp" transformants were obtained per pg 
of hgated DNA, Amp" colonies were picked onto agar medmm containing 50 pg mi~? tetracycime to identify recombinant plasmide with inserbons at tbe Боа 
restriction gite 1 Ten of 22 Tet" clones carried plasmids contaming the f-globin msert One isolate pBR322-8G2, served аз the source of 8-globin cDNA for 
1aserbon mto SV40 DNA c, Construcbon of SVGTS-Ra8G. pBR322-9G2 DNA was cleaved sequentially with an excess of ВПП and Hind TI endonucleases in the 
buffers and conditious described above. The products were electrophoresed on a 4% scrylamide gel and the 485-bese рат f- giobin СГМА band was excased and 
electroeluted. tely 12 ng of the cDNA were mcubated with 100 ng of SVGT5 DNA and T4 DNA hgase (25 U m] ) m ligase buffer overnight at 12 °C. 
Dilutions of the hgated DNA and пА58 DNA were used to transfect CV-1P celis as already described 7? Fifty plaques were picked and (their viral DN As) screened 
for the presence of B-giobm cDNA sequences by a modification of the plaque hybndwabon method of Villarreal and Berg”*. A plate of confinent CV-1P cells 
(100 cm) was overlaid with 40 ml of agar medrum and wells, 0 5 cm in diameter, were punched to expose small arcas of the cell monolayer. An abquot (10 pl) of cach 


plaque suspension was added to a well, and after a 2 h incubation at 37 °C, the wells were filled with agar medium After 3 d at 41°C, the pate was overlaid with agar 

medram containing 0.01% Neutral Red and incubated overnight at 39°C Tho agar layer was removed and the coll monolayer transferred to a nitrocellulose disk ч 

the disk was annealed with [^P]-pBR322-8G2 DNA, washed and autoradiographed Forty-six of the 50 plaques picked showed nnmustakable evidence of 
А hybreksation, thereby indicating the presence of 8-gilobin cDNA sequences 


(SVGT5-RaBG) produce substantial quantities of discrete 
hybrid mRNAs that contain the 8-globin coding sequence 
flanked by 5'-'Ieader' and 3'-terminal sequences characteristic 
of late SV40 mRNAs. The infected cells also synthesise rabbit 
-globin polypeptide in quantities nearly equivalent to the 
amount of VP1 produced by the co-infecting helper virus. 


Construction of SVGT5—RaBG 


The mRNAs which code for SV40's three capsid proteins, VP1, 
VP2 and VP3 are composite structures, that is, the mRNAs 
contain nucleotide sequences transcribed from non-adjacent 
DNA segments!*!!, Each mRNA contains a 5'-terminal seg- 
ment (the leader) transcribed from the I-strand between map 
coordinates 0.69 and 0.76 (see Fig. 1a). Joined to the leader 
sequence, the VP2 апа VP3 mRNAs (the 19S class) have a 
segment of RNA homologous to the l-strand between map 
coordinates 0.77 and 0.175 (the 19S body); the body of the VPI 
mRNA (165 class) is transcribed from the l-strand of the DNA 
between map coordinates 0.94 and 0.175. 


Deletion mutants have been obtained which lack the 3' 
boundary of the late region leader segments". RNA transcribed 
from these mutants is not processed into mature 16 or 19S 
mRNA, presumably, because splicing cannot occur. Previously 
constructed SV40 vectors resemble these deletion mutants in 
that they have lost most or all sequences required for splicing. 
Very possibly the failure to obtain discrete mRNAs with the 
earlier recombinants stems, at least in part, from the consequent 
disruption of post-transcriptional splicing reactions. We have 
therefore sought to construct a SV40 vector which would retain 
all the regions implicated in transcriptional initiation and 
termination, splicing and polyadenylaton of 16 and 19S 
mRNAs (see Fig. 1a). | . 

Inspection of the SV40 restriction map suggested two restric- 
tion endonuclease-cleavage sites that could be used to generate 
such a vector. The first, a HindIN restriction site at map position 
0.945, is six nucleotides proximal to the initiation codon for VP1 
(refs 4,5) and about 50 nucleotides distal to the site at which the 
leader sequence is joined to the body of the VP1 mRNA '™™ (see 
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Fig. 3 Restriction analysis of pBR322-8G recombinants. а, The numbers in boxes are the expected sizes of restriction fragments, assuming the recovery of the 
complete cDNA sequence present in P8G1. The stippled region denotes the position of the 8-globin cDNA insert and the various symbols indicate the particular 
restriction endonuclease cleavage sites. b, pBR322-8G DNAs were isolated as described by Katz ег al, digested with an excess of the indicated enzymes and 
electrophoresed on а 3-7% gradient acrylamide gel®. The gel was stained with ethidium bromide (1 pg ml 71 and photographed under short wave ultraviolet light, 
using Polaroid 665 film and an orange filter. a, Hinfl endonuclease digested SV40 DNA. b, Наг endonuclease digested SV40 DNA. c-e, HindIII plus Hinfl 
endonuclease digested pBR322, pBR322-8G2, pBR322-8G3 DNAs, respectively. f, HindIII plus Bg/ll digested pBR322-8G2 DNA, 


Fig. 15). The second, a BamHI restriction site at map coordinate 
0.145, is 50 nucleotides proximal to the termination codon for 
VP1 translation. and 150 nucleotides before the poly(A) 
sequence at the 3'-end of VP1 mRNA", The 4.18 kilobase DNA 
segment bounded by these two restriction sites (SVGTS) 
contains, in addition to the regions at which splicing and 
polyadenylation of late mRNAs occur, the origin of DNA 
replication and the entire early region; hence, it can be pro- 
pagated by complementation with an appropriate А mutant”. 

The rabbit 8-globin cDNA sequence was selected as the 
transducible gene because it is small enough to be accomodated 
in SVGTS and because the protein can be isolated and charac- 
terised readily. Furthermore, the cDNA had already been 
cloned in E. coli and shown to contain the complete coding 
sequence for 8-globin, as well as additional 5' and 3'-terminal 
nucleotide sequences present in 8-globin mRNA’. Our aim was 
to excise the B-globin cDNA segment from pMB9, modify and 
reclone it in another E. coli plasmid, pBR322 (ref. 16); in doing 
this we could obtain the В -globin cDNA segment with a HindIII 
cohesive end just proximal to B -globin's initiator codon (see Fig. 
15). Consequently, SVGTS5 and the modified 8-globin cDNA 
segment could be joined readily to form the desired recom- 
binant genome. 


Construction, propagation and 
characterisation of SVGT5-RaBG genomes 


To obtain SGVTS, wild-type SV40 DNA was partially digested 
with HindIII endonuclease to produce full-length linear mole- 
cules (Fig. 2a). Full-length linear DNAs were isolated by elec- 
trophoresis in agarose gel and digested with BamHI and EcoRI 


endonucleases. These cleavages, and the subsequent electro- 
phoretic separation, yielded a SV40 DNA fragment of 
4.18kilobases which contained the nucleotide sequences 
between map coordinate 0.145, clockwise to the Наш 
restriction site at map coordinate 0.945. The EcoRI 
endonuclease digestion was introduced to eliminate a poten- 
tially contaminating fragment of 4.28 kilobases formed by 
cleavages at map position 0.325 (a HindIII restriction site) and 
the BamHI restriction site at 0.145. 

The rabbit 8-globin coding sequence was isolated from the 
PBG1 plasmid recombinant described by Maniatis ег al*.PBG1 
was obtained by inserting a cDNA copy of purified rabbit 
B-globin mRNA at the EcoRI restriction site of the plasmid 
pMB9 using the poly(dA):(dT) joining method, and propagating 
the recombinant plasmid in E. coli (strain HB101)*. Nucleotide 
sequence analysis confirmed that P@G1 contained the entire 
B -globin coding sequence, all of the 3! and most (43 of 56 bases) 
of the 5'-non-coding sequences іп B-globin mRNA’. 

P8G1 DNA was digested with S, nuclease as described by 
Hofstetter et al." to excise the B-globin cDNA segment from 
PBG1 (Fig. 22). B-Globin cDNA fragments varying in size 
between 500—585 base pairs were recovered by electrophoresis 
in acrylamide gels and incubated with E. coli DNA polymerase I 
and the four deoxynucleoside triphosphates to convert ‘ragged’ 
into ‘blunt’ ends'5. A decanucleotide ‘linker’, CCAAGCTTGG, 
containing the HindIII endonuclease recognition sequence, was 
phosphorylated at its 5-end with polynucleotide kinase and 
[y-*P]ATP'® and then joined to the ends of the 8-globin 
cDNA with T4 ligase’®; subsequent digestion with Hindlll 
endonuclease generated HindIII cohesive ends. 

The B-globin cDNA with its HindIII cohesive ends was 
ligated to HindIII endonuclease-cleaved pBR322 with T4 DNA 
ligase, and introduced into E. coli K12 (strain HB101 Y?. Trans- 
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formants were selected for ampicillin resistance and pBR322- 
BG recombinants were screened for their sensitivity to high 
levels of tetracycline. (Cells containing pBR322 are resistant to 
ampicillin and tetracycline, but insertions at the HindIII restric- 
tion site eliminate resistance to high levels of tetracycline*’.) 
Small cultures of each putative pBR322-8G recombinant were 
grown, the plasmid DNA was isolated, cleaved with HindIII 
endonuclease and the products electrophoresed in agarose; 10 
of 22 isolated plasmid DNAs yielded fragments 0.50 to 
0.58 kilobases in addition to the linear pBR322 DNA (data not 
shown). 

One of these, pBR322-8G2, produced an insert fragment of 
about 570 base pairs following HindIII endonuclease digestion. 
Two fragments, 485 and 76 base pairs long were detected by 
digesting this plasmid with HindIII and Bgl endonucleases 
(Fig. 3 track f). These findings show that the expected HindIII 
joins are intact, that they are separated from each other by 
nearly the expected length of the 8-globin cDNA segment and 
that the single internal ВЕЙІ restriction site in the B-globin 
cDNA is present. These conclusions are reinforced by the 
double digestions of pBR322-8G2 and pBR322-8G3 with 
HindIII and Hinfl endonucleases (Fig. 3 tracks d and e). Frag- 
ments corresponding to the expected 176 base pair fragment 
(derived from the 5'-end of the B-globin coding sequence) and 
98 base pair fragment (produced from an internal sequence in 
the cDNA) were readily apparent in the electropherogram. The 
predicted 312-base pair fragment, generated from the 3'-end of 
the globin coding sequence, is actually 298 base pairs and is 
obscured by a fragment of the same size derived from the vector 
DNA. This was deduced by inspection of the original film in 
which the staining of the 298-base pair band was more intense 
than the band-migrating behind it. Determination of the nucleo- 
tide sequences!^ at the two HindIII join sites in pBR322-8G2 
further supports the restriction enzyme analysis and establishes 
that 5 nucleotides at the 5'-end, 15 nucleotides at the 3'-end and 
all of the dA:dT sequences of the originally cloned B-globin 
cDNA are absent in the B-globin cDNA segment recloned in 
pBR322 (data not shown). 

The B-globin cDNA segment of pBR322-8G2 was excised by 
sequential digestion with HindIH and Bgill endonucleases (Fig. 
2c). This yielded a fragment having the codon for initiating 
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translation of 8-globin 37 nucleotides beyond the Анаш 
endonuclease-generated cohesive end and the translation 
termination codon just proximal to the Bgl endonuclease- 
generated cohesive end. Even thouga the BamHI (GGATCC) 
and Bglll (AGATCT) endonuclease recognition sites differ, the 
cohesive ends generated by the two endonucleases are identical 
(GATC). Accordingly, the 0.485-kilobase B-globin cDNA 
fragment could be ligated to SVGTS with T4 ligase** (Fig. 2c). 
To propagate the SVGT5-8G2 genome, CVI-P cells were 
transfected with a mixture of the ligated DNA and А58 
DNA". tsA58 is a thermosensitive mutant of the SV40 early 
function and can not multiply at 41 °С (ref. 15). About 2.5 x 10* 
plaques were obtained per microgram of ligated DNA. 

These plaques were screened for virus containing the f- 
globin cDNA using a modification of the in situ plaque hybri- 
disation technique? (see legend to Fig. 2c). Forty-six of fifty 
plaques examined contained DNA tha: hybridised specifically to 
the B-globin cDNA. Recombinant virus from independent 
clones were purified by plaque isolation and high-titre virus 
stocks and purified viral DNA were prepared in CV1 cells. 
Judging from the relative yields of the two DNAs from such 
mixed infections, we estimate that the recombinant and helper 
genomes multiply equally well. 

As expected from its somewhat smaller size (4.7 compared 
with 5.2 kilobases), SVGTS-8G DNA is separable from the 
helper tsAS8 DNA by electrophoresis in agarose (Fig. 4, tracks 
a-c}. Restriction endonuclease digestions and electrophoresis of 
the products helped to confirm the structure of the hybrid DNA. 
The locations of the Hindlll and Afbel restriction sites in 
SVGTS and the B-globin cDNA sequence are indicated in Fig. 
4a. Correct joining of the 6-globin cDNA to SVGTS 
regenerates the Hindlll restriction site at map position 0.945. 
Therefore, digestion of SVGT5-8G DNA with Hindili 
endonuclease should generate a fragment of 1.43 kilobases from 
cleavages at the Hindlll join sequence and the Ана restric- 
tion site at map position 0.325 in the vector; the 1.43-kilobase 
fragment is produced in the Hindi enconuclease digests of two 
independent recombinants, SVGT5-B£à 10А and SVGTS-BG 
12А (Fig. 4, tracks e and f), but is absent from a comparable 
digest of SV40 DNA (track d). After transfer of the DNA in the 
gel to a nitrocellulose sheet" and hybridisation with [^P] P@Gi 
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Fig. 4 Restriction analysis of SVGT-RagG. a, The stippled region denotes the 8-globin cDNA sequence and the numbers enclosed n boxes are the expected 
fragment sizes based on the sequence of the B-globin cDNA in pBR322-8G2 and the known locations of the HindIII and Mhol restricticn sites. b, Viral DNA was 
extracted by Hirt's method?” from CVI cells that had been infected with plague-purified SVGTS-BG and А58 virus (М.О 0.005 PFW per ceil). The DNA was 
centrifuged to equilibrium in ethidium bromide-caesium chloride gradients ^"; aliquots were then digested with the appropriate enzymes and electrophoresed on 
either 0.8% agarose gels (tracks a-f) or on 3-7% gradient acrylamide gels (tracks g-j). Tracks a-c: undigested SV40, SVGTS-8G10A anc SVGTS-BG12A DNAs. 
Tracks d-f: the same three DNAs digested with Hindlll. Tracks g-h: Mbol endonuclease digests of SV40, sA58, SVGTS-8G10A and SVGTS-BG12A DNAs. 
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DNA, only the 1.43-kilobase fragment was labelled (data not 
shown); hence, all of the 8-globin cDNA sequence is contained 
within that fragment. 

Ligation of BamHI and BglII endonuclease-created cohesive 
ends should generate a sequence which is resistant to cleavage 
by these two enzymes but sensitive to Mbol endonuclease 
(recognition sequence NGATCN). Indeed, Mbol endonuclease 
digestion of SVGT5-8G 10А and SVGTS-8G 12A DNAs 
produced the expected array of fragments (Fig. 45). The 0.957 
fragment, which spans the HindIII join site, comigrates with one 
of the vector DNA fragments (compare tracks i and j with g and 
h); the 0.147-kilobase fragment, formed from cleavages at a 
Mbol restriction site within the B-globin cDNA and the Mbol 
site formed by the join of the Bg and BamHI cohesive ends is 
produced from both recombinants (tracks i and j) but is absent 
from SV40 DNAs (tracks g and h). Note that the 0.240 fragment 
produced from the SV40 DNA used to make the vector (track g) 
is slightly larger than the corresponding fragment cleaved from 
the tsA58 helper DNA (track h). The mixture of recombinant 
and helper DNA yielded both fragments in about equal amounts 
indicating that here too the recombinant and helper genomes 
were equally represented in the infection from which these 
DNAs were isolated. 

Although not shown, 8 of 14 other independent clones of 
SVGT5-B8G gave restriction digests comparable to the two 
documented here. These data indicate that the 8-globin cDNA 
cloned in pBR322 has been introduced into SVGTS in the 
expected way. 


Formation of SV40-Ra f -globin 
hybrid mRNAs 


Considering the structure of SVGTS-8G and present ideas 
about SV40 late mRNA formation, two cytoplasmic SV40-g- 
globin hybrid mRNAs should be formed following infection 
with SVGTS-8G. These should be about 0.5 kilobases smaller 
than the normal SV40 195 and 16S late mRNAs. То test these 
expectations, CV1 cells were infected with tsA58 and each of 
two SVGT5-8G recombinant viruses (MOI 10-50 PFU per cell) 
at 37°C and, after 48 h, cytoplasmic, poly(A)containing RNA 
(freed from DNA) was isolated (see legend to Fig. 5); similar 
RNA preparations were isolated from SV40 and mock-infected 
cultures. Each RNA preparation was denatured with glyoxal’®, 
electrophoresed on 1.5% agarose gel and transferred to diazo- 
tised benzyloxymethyl paper '^??. The imprints were annealed 
with ?P-DNA to reveal the positions of the separated RNAs 
(Fig. 5). 

With [7P] P8G1 DNA as hybridisation probe, two discrete 
B-globin mRNA species are detectable in the RNA from cells 
infected with either recombinant (Fig. 5, tracks c and d). These 
RNAs are missing in the RNA from mock or SVA0-infected cells 
(tracks a and b). With DNA fragments of known size as length 
standards (tracks e and f) we estimate the sizes of these mRNAs 
as 1.8 and 1 kilobases. When duplicate tracks were hybridised 
with [?P]-SV40 DNA containing the late mRNA leader 
sequences, two labelled bands are visible in the SV40-infected 
cell RNA (track i), but not in the RNA from mock-infected cells 
(track j). The faster migrating, more heavily labelled band is the 
16S mRNA (1.5 kilobase) and the slower, less heavily labelled 
band the 19S mRNA (2.3 kilobase). There are four labelled 
bands when RNA from cells infected with the two SVGT5-8G 
recombinants is hybridised with the labelled SV40 leader probe 
(tracks g and h). Two (the 1.5 and 2.3-kilobase species) are the 
16S and 198 mRNAs produced by the tsA58 helper genome. 
Another has the mobility of the 1-kilobase RNA species that 
hybridised to the globin cDNA probe. The fourth, which is only 
barely discernable in this exposure, has a mobility very close to 
that of the 1.8-kilobase RNA detected with the 8-globin cDNA 
probe. Thus the 1 and 1.8-kilobase polyadenylated RNAs 


contain the B-globin cDNA sequence and the leader segment ` 


characteristic of SV40 late mRNAs. Comparing the labelling 
intensities of the 1-kilobase B-globin mRNA and the 1.5- 
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Fig. 5 Analysis of mRNAs made іп cells infected with SVGT5-8G. 
Cytoplasmic poly(A)-containing RNA was isolated from CV1 cells 48h 
after infection with a mixture of SVGTS5-8G and tsA58 virus (>10 PFU per 
cell} as follows. Cells were washed twice with ice-cold Tris-buffered saline 
and once with a cold solution containing 10 mM Tris, pH 7.5, 5 mM MgCl», 
10 mM NaCl. The celi monolayer, in the latter buffer containing 0.1% NP40 
and 0.05% deoxycholate (1 ml per plate), was scraped off the plate with a 
rubber policeman and centrifuged for 2 min at 1,500 r.p.m. to pellet the 
nuclei. The supernatant was mixed with an equal volume of solution 
containing 0.3 M NaCl, 0.1 M Tris, pH 8.0, 10 mM EDTA, and 0.15% SDS. 
Cell aggregates were dispersed by pipetting and the suspension was extrac- 
ted two times with an equal volume of water-saturated phenol-chloroform 
(1:1). After ethanol с the nucleic acid was digested with 
iodoacetate-treated DNase“ (Worthington) (20 ug per mg nucleic acid), at 
room temperature for 45 min in a small volume of 20 mM Tris, pH 7.5, 
10 mM NaCl, and 10 mM MgCl. The mixture was extracted twice with 
phenol-chloroform and passed over poly(U)- Sepharose*! to isolate poly(A)- 
containing RNA. Aliquots of the poly(A)-containing RNA were denatured 
with glyoxal^" and electrophoresed in a 1.5% agarose gel in 10 mM sodium 
phosphate pH 7.0. The fractionated RNA was then transferred to diazotised 
benzyloxymethyl paper’? as described by Villarreal, White and Berg. 
The paper was annealed with about 4 x 10" c.p.m. of the indicated ?^P.nick- 
translated DNA probe for 24 h, then washed’? and autoradiographed for 
2 d. ??P.labelled pBR322-8G2 DNA fragment (from map position 0.67~ 
0.76, produced by cleavages with Bgll and Hpal endonucleases) was 
the hybrisation probe for tracks g-j. Tracks e and f contained a Hindll 
digest of [32Р] SV40 DNA as size standards. The lengths of the fragments 
(kilobases) in decreasing order are: 1.96, 1.54, 1.07, 0.369, 0.240. Tracks a, 
1; RNA from non-infected cells; b, і SV40 RNA; c, h SVGT5-BG10A RNA; 
d. g SVGTS-8G12A RNA. 


kilobase SV40 mRNA (in Figs, tracks g and h) and taking 
account of the ratio of recombinant to helper DNA in these 
infected cultures (0.3 recombinant), we surmise that the steady 
state levels of the two mRNAs are within a factor of two of each 
other. 


Formation of [В -globin 


One goal of our experiment was to determine whether replacing 
the VP1 coding sequence with the 8-globin sequence would 
permit the formation of a discrete, cytoplasmic SV40-8-globin 
hybrid mRNA. An additional goal was to determine whether 
such SV40-8-globin hybrid mRNAs could be translated in vivo 
to produce 8-globin. CV1 cells were infected with tsA58 and 
either of the two SVGTS5-8G recombinants (MOI 10-50 PFU 
per cell) and, after 48 h (37 °C), the cultures were labelled with 
?H-leucine and *H-valine for 30 тіп; SV40 and mock-infected 
cultures were labelled in a comparable way. An extract of each 
culture was prepared by sonication and treatment with NP40- 
deoxycholate; aliquots were electrophoresed on a SDS 15-20% 
gradient acrylamide gel (see legend to Fig. 6). The autoradio- 
grams of each electrophoresed extract had a complex array of 
labelled protein bands (Fig. 6 tracks a-d). But the patterns from 
the SVGT-8G infected cell extracts (tracks c and d) contain а 
protein band migrating at the position of added rabbit 8-globin; 
this protein band is not discernable in either the SV4O or 
mock-infected cell extracts (tracks a and b). The formation of a 
B-globin-like protein in cells infected with SVGTS-8G is 
supported by the fact that a protein with the same mobility as 
authentic rabbit B-globin can be recovered from complexes 
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formed by incubating the cell extracts with purified goat anti- 
rabbit 8-globin immunoglobulin (kindly provided by S. Boyer, 
Johns Hopkins) and heat killed, formalin-fixed Staphylococcus 
aureus cells; the electrophoretic pattern of the labelled pro- 
teins eluted with SDS and urea from such complexes are shown 
in tracks e-h. 8-globin bands are seen in the extracts from cells 
infected with the recombinant (tracks g and h), but not in 
extracts from uninfected and SV40-infected cells (tracks e and 
f). If the extracts from SVGTS-8G infected cells are mixed with 
non-immune goat serum (tracks i and j) or anti-SV40 УРІ 
serum (track k), before adding the S. aureus cells, no B-globin is 
detectable in the electrophoresed samples. 

In a preliminary experiment (carried out in collaboration with 
T. Hunter at the Salk Institute) the putative 8-globin protein 
obtained from cells infected with SVGTS-8G was immuno- 
precipitated with the immune serum and S. aureus cells 
mentioned above, eluted with SDS, digested with trypsin and 
analysed by the two-dimensional electrophoretic-chromato- 
graphic procedure ^. The tryptic peptide maps of the putative 
B-globin and labelled rabbit 8-globin synthesised in vitro "^ were 
strikingly similar; at least 8 of 10 peptide spots in the two maps 
matched (data not shown). Further experiments to characterise 
the B-globin, particularly the amino and carboxy terminal 
amino acid sequences, are in progress. 

In experiments to be published later we have compared the 
amounts of В -globin and VP1 synthesised in cells infected with 
SVGTS-8G and the helper virus sA58. ?S-methionine labelled 
infected cell extracts were mixed with either anti-8-globin or 
anti-SV40 VP1 serum, both immune complexes were adsorbed 
to S. aureus cells, washed, eluted with SDS, electrophoresed in 
SDS-polyacrylamide gel and autoradiographed. The amount of 
35§-label in 8-globin and VP1 was quantitated by densitometry 
of their respective bands in the autoradiograms. Taking into 
account the difference in the number of methionine residues per 
mole of B-globin and VP1 (1:9) and the ratio of SVGTS-BG to 
tsA58 genomes during the period of protein labelling (1:3), we 
estimate that 8-globin and VP1 are synthesised at nearly equal 
rates. 


Discussion 


These experiments establish that an exogenous gene, in this case 
the coding segment for rabbit B-globin, can be recombined with 
SV40 DNA in vitro to yield a hybrid genome that expresses the 
incorporated gene. The principal conceptual innovation is the 
decision to leave intact the regions in the vector implicated in 
SV40 late mRNA processing: specifically, the late mRNA 
leader sequence, the sequence to which the leader is spliced 
during maturation of late mRNAs, and the region in which late 
transcripts terminate and are polyadenylated (see Fig. 1a and 
b). In the recombinant genome, virtually all of the coding 
sequence of SV40's major capsid protein VP1 has been replaced 
by a B-globin cDNA. f-globin's initiator codon, and presum- 
ably its ribosome-binding sequence, replace the corresponding 
initiation sequence of VP1; furthermore, 8-globin’s translation 
terminator codon is proximal to the VP1 termination codon 
remaining in the vector (Fig. 15). This strategy was adopted so 
that the 8-globin coding sequence would be incorporated into 
mature $V40-8-globin hybrid mRNAs and be translated. 

The success of the experiment clearly demonstrates that 
processing of both the 16 and 19S late mRNAs does not require 
nucleotide sequences within the VP1 coding region: analogous 
(smaller) mRNAs with poly(A) and leader sequences are formed 
efficiently when most of the VP1 coding sequence is replaced by 
the 8-globin cDNA. Detailed studies are needed to compare the 
nucleotide sequences of wild-type 16 and 19S mRNA leaders 
with SVGTS-8G's corresponding B-globin mRNA leader 
sequences; it may also be interesting to compare the relative 
rates of the various splicing reactions of normal and recom- 
binant RNAs. Another intriguing question is whether the 
monkey cells can excise the two intervening sequences present 
in the rabbit B-globin genomic DNA segment (Maniatis, T. ег 
al., in preparation), a question which can be examined with 
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recombinants in which the rabbit G-globin genomic DNA 
sequence has been inserted into analogous SVGT vectors. 

МР1 is believed to be translated exclusively from the 165 
mRNA although the protein's coding sequence is also contained 
within the 195 mRNA”. Therefore, 8 -globin is probably trans- 
lated from the 1-kilobase SV40-8-globin hybrid mRNA (the 
16S mRNA analogue) and not the 1.8-kilobase hybrid mRNA 
(the 19S mRNA analogue). Conceivably, however, B-globin 
may be translated from the 198 mRNA analogue as well, either 
because the altered nucleotide sequence of the large hybrid 
mRNA significantly affects its secondary structure or because 
the ribosome binding site for B-globin is functionally indepen- 
dent of its position within a message. Experiments are in pro- 
gress to insert the B-globin coding sequence at several different 
locations in the late and early regions of SV40 DNA, making it 
possible to assess the effect of varving the distance of the 
B-globin coding sequence from the -end of the mRNA, the 
role of neighbouring sequences and ary regulatory influence on 
the efficiency of expression—transcription, processing and 
translation—of the 8-globin ‘gene’. 

Of particular interest is whether other genes can be expressed 
if they are inserted into appropriate SV4O DNA vectors in a 
similar way. Hofstetter and Berg (uapublished results) have 





Fig. 6 Production of rabbit 8-globin in cells infected with SVGTS-RagG. 
Subconfluent CV1 cells were infected with a mixture of SVT5-8G and BASE 
(10 PFU per cell) for 48 h at 37 °C in a medium containing 4% fetal bovine 
serum. The cells were washed once with Tris-buffered saline and once with 
medium lacking leucine and valine. Celis were labelled for 30 min at 37 "C 
with 200 pCi each of 3-leucine and ?H-valine (Amersham-Searle) in 1 m! 
of medium containing 4% dialysed calf serum but lacking leucine and valine, 
The labelled cells were washed twice in ice-cold Tris-buffered saline, scraped 
off the plate in Tris-buffered saline containing 10 mM DTT and 250 ug ml ^ ; 
PMSF (added fresh) (1 ml per 100 cm ріае)?! and then sonicated for 2 min 
in a water-cooled Heat Systems sonicator cup horn (maximum setting). 
Extracts were made 0.1% in NP40 and 0.05% in deoxycholate, incubated on 
ice for 10 min, centrifuged at 18,000 r.p.m. for 34 min, and the supernatants 
stored in aliquots at ~80°C. Aliquots of each extract were reacted with 
specific antisera or antibody proteins according to the method of Padgett er 
al.”*. Extracts of approximately 2.5 x 10" cells were preincubated with 50 pl 
of a 10% suspension of heat-killed formalin-fixed Staphylococcus aureus 
Cowen I bacteria?’ in 25 mM Tris, pH 7.4, 10 тм EDTA, 0.35 M NaCl, and 
0.15% Triton X-100 (TENT buffer) for 15 min cn ice. After removal of the 
bacteria by centrifugation, purified rabbit 8-globin (1 ид) and an excess of 
either purified goat anti-rabbit 8-globin immuroglobulin (provided by S. 
Boyer, Johns Hopkins), normal goat serum (Micaobiological Associates), or 
rabbit anti- VP1 serum (provided by J. Reiser, Stanford) was added and the 
extracts incubated overnight at 4 °C. Then 50 jl of S. aureus suspension (as 
described above) were added, the mixtures were incubated for 10 min at 
4°C, and centrifuged for 2 min at 8,000 r.p.m The bacterial pellet was 
washed four times with TENT buffer and the immane complexes eluted from 
the bacteria for 1 hina solution containing 10 mM Tris pH 7.4, 1% SDS, and 
8 M urea. Electrophoresis of cell extracts or of immune complexes prepared 
from those extracts was for 3h at 125 V in a 15-20% gradient acrylamide- 
SDS gel prepared according. to the method of Laemmli**. The gel was 
stained and fluorographed"" (3-day exposure shown), Tracks a-d are 
untreated cell extracts; e-h are immune complexes from extracts reacted 
with goat-anti-rabbit 8-globin immunoglobulin; ae, uninfected cell extract; 
b.f, SV40-infected cell extract; cg. SVGTS-BG :OA- infected cell extract; 
d.h, SVGT5-BGT2A-infected cell extract. Tracks i,j: immune complexes 
prepared from SVGTS-8GI0A (i) or SVGTS-8G124A (j) infected cell 
extract reacted with normal goat serum; k, immune complex prepared from 
SVGTS-8G10A-infected cell extract reacted with rabbit anti- VP1 serum. 
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inserted a Drosophila melanogaster (Dm) DNA segment: 


containing the gene for histone H2B into SV40 DNA (between 
map positions 0.825 and 0.145) and observed the formation of 
both a cytoplasmic, polyadenylated SV40-Dm H2B hybrid 
mRNA and H2B protein during multiplication of the recom- 
binant in monkey cells. Experiments are in progress to examine 
the expression of a variety of prokaryotic, lower eukaryotic and 
mammalian genes in mammalian cells using this approach. 
SVGTS-RagfG may prove invaluable for testing the effects of 
mutational alterations on the regulation of SV40 transcription. 
Deletions could be introduced into those portions of the vector 
DNA that are implicated in viral mRNA formation and their 
consequences determined, even in the presence of helper 
genomes, by monitoring B -globin mRNA and protein synthesis. 
This approach will be particularly advantageous where the 
mutational changes either prevent or have no effect on the 
transcription of particular messages. More generally, this system 
may be used in conjunction with new methods for site-directed 
mutagenesis**** to ‘synthesise’ altered eukaryotic mRNA 
structures at the DNA level, and to examine their function in 


vito. 

SVGTS-RaBG should be able to transform a variety of 
mammalian cells, such as mouse, rat and human. Since 
integrated SV40 genomes do not express the late region, 
SVGT5-8G transformed cells are not likely to make B-globin 
mRNAs or & globin. However, other vectors, which permit 
transcription of the exogenous gene under early control are 
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being explored for their ability to promote .expression of the 
integrated genes. 

B-Globin made during infection of CV1 cells by SVGT5-8G 
is not stable; following a 30-min labelling period most of the 
newly synthesised B-globin disappears during a 60 min chase 
(data not included). Several explanations come to mind: the 
newly synthesised polypeptide is an altered form of B-globin; 
factors in the monkey cell cultures actively promote breakdown 
of 8-globin chains; cultured monkey kidney cells lack factors 
normally present in erythroid cells that stabilise 8-globin. Our 
agenda includes experiments to characterise further the struc- 
ture of rabbit 8-globin synthesised in monkey: cells and to 
determine if the B-globin can be stabilised, perhaps by the 
addition of haemin to the culture medium or the concomitant 
production of rabbit a-globin by co-infection with a SVGTaG 
recombinant genome. Р : 

We thank Dr T. Maniatis for providing the E. coli culture 
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Interstellar reddening and 
distance of Nova Cygni 1978 


THE interstellar feature of KI(A7699 A) has been observed in 
the direction of Nova Cygni 1978 with an equivalent width of 
W, ~116 mA and has been used here to deduce a colour excess 
of E(B — V) =0.38 +0.08 mag. The distance-reddening law to 
the nova is derived from a sample of stars in the nearby field 
surrounding the nova. The nova seems to be at a distance of 
г=3.3+0.6 kpc with a corresponding absolute visual magni- 
tude at maximum light of My,~—7.5+0.5 mag. Nova Cygni 
1978 is classified as a fast galactic. nova on the basis of its 
absolute magnitude at maximum light and the rate of decline 
towards minimum light. 

A composite light curve for Nova Cygni 1978 is shown in Fig. 
1; the data are a mixture of visual, photographic (prediscovery) 
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and photoelectric measurements’. A polynomial fit to the data 
yields a time of maximum light of ta = 12.20+0.04 September 
1978 (UT) when, the nova attained a brightness of т, = 
6.2+0.1 mag. Near maximum light and thereafter, high resolu- 
tion spectra (220 mÀ) were obtained of the nova using the 2.7-m 
telescope of the McDonald Observatory with a self-scanned 
Reticon 1024B detector and the coudé spectrograph. 

In addition to monitoring various emisaion features, including 
На, Hg, 01(a8446 А), and He1(A 10830 A), spectra were also 
obtained of the Nat(A 5890 A) and K1(A7699 A) interstell 
lines. ` 

The interstellar Nal lines are very strong, having equivalent 
widths ~550 mA; Nal lines arising from the nova are also seen 
displaced by 626 km s! to the blue. The KI line, shown in Fig. 2, 
is weaker. and seems to contain two unresolved components. 
From the measured equivalent width of the Ki line (W, = 
116mA) a column density of N(K)e9.3x10' cm is 
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Fig. 1 Composite light curve for Nova Cygni 1978. A, Predis- 
covery photographic values; 6, Observations; O, 
visual observations, Time of maximum light, tm, (arrow) and the 
: epochs of the spectroscopic data (vertical lines) are indicated. Solid 
curve approximates behaviour of nova during rise to maximum and 


deduced. This column density can be converted in the E(B — v) 
colour excess using the mean relationship* 


МЕЈ) =6.4x10. E(B — V} 


which yields a value of E(B — V) = 0.38 + 0.08. A higher value 
of E(B — V) = 0.6 has been reported from measurements made 
of both the interstellar K and D; lines. Recently, a lower limit of 
E(B—V)-0.18 was determined from linear polarisation 
measurements’; a value of E(B — V) = 0.3 (+0.2/—0.1) was also 
reported! from an observation of the diffuse interstellar feature 
at 46614. 

The data given in Table 1 are tabulated for 16 stars’ in the 
field near the nova and are used to derive the distance-redden- 
ing relationship shown in Fig. 3. The solid line is representative 
of the general trend. The exact form of the relationship becomes 
increasingly uncertain beyond 1 kpc due to the paucity of stars 
with large colour excesses. 

A values of E(B — V) = 0.38 indicates that the nova is located 
at a distance of r™3.3+0.6 Крс where the error is estimated 
from the uncertainty in the distance-reddening law. The visual 
absorption corresponding to this colour excess is found to be 


Relative intengty 


KI (7699À) 





7,698 7,699 7,700 
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Fig. 2 The K1(A 7699 A) interstellar feature (W, “116 mA) as 
observed on 16.36 September 1978 (ur). 6, Observed points; 
Fourier fit indicated by solid line. 
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Table 1 Reddening in the field of Nova Cygni 1978 


Star* V _ My Spectraltypet E(B—V) d(pc) 
HD204995 866 -1.1 B9(V) +0.13 751 
HD205601 6.76  -14 B6V +0.08 377 
HD206280 6.72 +05 ву +0.01 172 
HD208513 7.65 +02 АСУ) +0.07 277 
HD208835 7.50 2041 АФУ) +0 10 291 
HD208878 7.43  -01 В8(У) +0.08 292 
HD209469 722 0.2 B9(V) +0.08 269 
HD204153 5.60 +3.0 FO(V) +0.02 33 
HD204536 6.85 —18 B3 OI +0.13 461 
HD205496 7.99 | —0.6 В9(У) +0.09 454 
HD208962 7.60  -14 B9 +0.12 544 
HD209932 6.44 +09 B9 V +0.04 121 
HD209993 6.16 +12 .A3V +0.06 90 
HD204710 6.95 —5.6 B£ Ib +0.33 3,236 
HD204722 7.66 -25 2V +0.24 1,076 
BD +47°3588 9.61 -2.5 B1.5 V +0.35 2,642 

* Ret. 7. 


t Luminosity class in parentheses assumed. 


A,-R - E(B — У) = 1.1 mag (assuming R = 3.1) and indicates 
a value of the corrected apparent visuel magnitude at maximum 
light to be Vom m,— А, œ 5.1 mag. Combined with the above 
estimate for the distance, this implies a value of My, 
—7.5+0.5 mag was reached by the nova at maximum light. 
Since the time of maximum, the nova has declined at a rate of 
—0.13—0.17 mag d !. Using the speed classes defined by 





(kpc) 


Fig. 3 The distance-reddening law in the direction of the nova. 

The solid points represent the data from Table 1; the line indicates 

the form of the reddening curve which m only apprommately 
represented beyond 1 kpc. 


McLaughlin*, Nova Cygni 1978 appears as a fast galactic nova, 
comparable to other fast novae such as El Aq! (My ~ —7.35) and 
DI Lac (My, — —7.3). Assuming a value B~20 for the nova 
precursor? implies an absolute magnitude for the precursor of 
Mg ~7 mag. 
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Department of Astronomy, 
University of Texas, 
Austin, Texas 78712 
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Is Crab nebula 
a disrupted helium star? 


WE propose here that the Crab nebula was produced by the 
explosion of a helium star in a close binary already containing a 
neutron star. This explosion would be caused by a complete 
spiralling of the neutron star into the helium star, which was 
totally disrupted’. The neutron star would be spun up in the 
process and be identified with PSR0532. 

Arnett has pointed out that the overabundance of helium with 
respect to hydrogen in the Crab filaments? is compatible with a 
presupernova helium core of mass 4 Mo (ref. 3) which cor- 
responds to a main sequence mass of 12 Mo (ref. 4). Chevalier’, 
on examining old Chinese records, present day nebula and the 
embedded pulsar, finds that all available information is consis- 
tent with the Crab having a massive progenitor. The fact that the 
motion of the Crab pulsar is. directed away from the I Gem 
association has led to the suggestion? that the progenitor of the 
Crab was a runaway star from I Gem. According to this model, 
the first supernova explosion in a close binary in I Gem disrupted 
the binary releasing a neutron star (identified with PSR0527) 
anda normal star of mass 12 Mo which later exploded to give the 
Crab nebula and the pulsar. 

The model of a massive progenitor for the Crab as discussed 
above presents some problems. First, detailed work on the 
evolution of close binaries in the context of compact X-ray 
sources has shown (see ref. 1) that the first supernova explosion 
in a mass transfer binary is unlikely to disrupt the system. (If the 
binary is sufficiently wide so that mass transfer does not take 
place, the velocity of the normal star at the time of the disruption 
of the binary—equal to its orbital velocity—would be very 
small). Thus we are faced with the problem of placing a massive 
progenitor for Crab at |2| = 200 pc. Second, to avoid an observ- 
able overabundance of heavy elements in the Crab filaments, it 
must be assumed? that the explosion of the helium star leaves 
behind a 1.45 Mo neutron star core. Now this value is substan- 
tially larger than 0.5 M estimated for the Crab pulsar on the 
basis of detailed models of neutron stars and data on micro- and 
macroglitches’. Third, there is the crucial problem of the mass. 
For the nebula a total mass of —1 Мо has been estimated from 
the absolute intensities of emission lines*. On the other hand, 
Davidson et ai? conclude that a nebular mass in the range 
0.3-10 M would not be inconsistent with observations, most of 
the mass being in dense neutral cores of filaments. However, the 
fact that bright and faint filaments have been accelerated 
equally, argues against the presence of too much neutral 
matter'?, The mass of the nebula is therefore unlikely to be very 
much greater than 1 Мо. Thus the problem is that if the Crab is a 
result of the supernova explosion of a massive star, where is ше 
remaining mass? 

These problems are solved if we assume that the progenitor of 
the Crab was a mass transfer binary. It is then obvious that the 
event of 1054 could not have been the first supernova explosion, 
because such an explosion would leave the binary intact. In 
other words the progenitor binary of the Crab must have passed 
through a Cen X3 type X-ray stage. The evolution of a normal 
massive star in a close binary containing a neutren star is 
characterised by & tremendous loss of mass and angular 
momentum/!'-?, The normal star expands and engulfs the neu- 
tron star, which leads to a rapid shrinkage of the orbit'*. Те 
spiralling in of the neutron star terminates when only the helium 
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core of the companion is left, the hydrogen rich envelope having 
been blown off. For example!*, starting with an X-ray binary 
consisting of a 1 Af, neutron star and a 15 Mo normal star, we 
may arrive at a system consisting of a 1 Mo neutron star and a 
3 Mo helium star and having a period of —1.5 h corresponding 
to a separation of about 1 Ro. 

It has implicitly been assumed'*? that the helium star now 
evolves as a single star, so that its explosion in most cases 
distrupts the binary releasing two neutron stars, the old spun up 
neutron star manifesting itself as a type L pulsar and the 
newborn as a type D pulsar. However, conditions may be such 
that the helium star does not evolve as an isolated star. A 3 Mo 
helium star has a radius of 1.4 Roat the onset of carbon ignition 
and of 4.5 Ко at the onset of neon burning'*. Thus if the 
separation between the two stars is sufficiently small, at some 
point in the evolution of the helium star the neutron star would 
be engulfed, triggering off a new spiralling in, which may totally 
disrupt the helium star and spin up the neutron star to very short 
periods’. 

According to our hypothesis, the Crab nebula is such a 
disrupted helium star and the Crab pulsar, a spun up old neutron 
star (a type L pulsar). This model has many attractive features. It 
provides a helium star for explosion without an embarassingly 
large mass for the nebula. It explains the observed overabun- 
dance of helium without.postulating an excessively heavy neu- 
tron star or an unwanted excess of heavy elements. In this 
context it is relevant that Arnett’ finds a better agreement 
between estimated? and inferred? abundances if interstellar 
matter is swept up rather than an old envelope (as would be the 
case if the exploding star were single). 

"Fhe spun up neutron star in our model would move with a 
velocity equal to the centre of mass velocity the progenitor 
binary had acquired at the time of the formation of the neutron 
star’. (In refs 16, 17 it was assumed that a type L pulsar moves in 
the orbital plane of the progenitor binary). In the light of the 
above discussion, the fact that the motion of the Crab pulsar is 
directed away from the I Gem association permits a more 
plausible explanation (see ref. 6). The progenitor of the Crab 
was a massive close binary in I Gem. The first supernova 
explosion did not disrupt the binary, rather imparted the centre 
of mass a velocity of about 125 km я. In about the 3 Myr 
between the first and the second explosion, the binary covered a 
distance of ~380 pc—crossing the galactic plane—and appear- 
ing at the site of the explosion of 1054. (Note that in the model of 
Gott et al., the Crab pulsar did not acquire any velocity as а 
result of the supernova explosion). 

The earlier suggestion!" that PSRO532 is a type D pulsar and 
the associated type L pulsar should still be embedded in Crab 
nebula appears to be less attractive because of the problem of 
the abundance of heavy elements discussed above. 
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A sensitive search for radio 
pulses from primordial 
black holes and distant supernovae 


THERE are two mechanisms of current theoretical interest 
which might generate short (< 1 ms) radio pulses detectable at 
interstellar or even cosmological distances. In both cases the 
pulse is generated by the alteration of a magnetic field by an 
expanding conducting shell. The phenomenon might occur 
either as the expanding core of a supernova ‘combs’ the star's 
intrinsic dipole field'?, or as the shell of charged particles 
emitted in the explosion of a primordial black hole (PBH) 
excludes the surrounding magnetic field’. In the latter case, the 
resulting radio pulse would, with suitable particle physics**, be 
much easier to detect than the y-ray pulses that might also 
accompany the explosion?. The best published upper limit on 
the frequency of such y-ray pulses is 4 х 107? events pc? уг” 
(ref. 6). We present here the results of a radio frequency search 
for isolated pulses, with much higher sensitivity than achieved 
previously. No definitive pulses have been detected, and the 
implied limit on PBH explosions is 2x 107° events pc^? уг”'. 

The results of several radio pulse searches have already been 
summarised, both from the point of view of supernova energies' 
and from that of limits on the number of PBH explosions*. Table 
1 expands a summarising table from ref. 7, and gives the 
parameters of the most sensitive and most fully documented 
previous searches. We have attempted to compute the derived 
parameters as uniformly as possible, with a minimum of 
assumptions about the nature of the unseen pulses. Figure 1 
shows the relative limits on the rate of pulse-producing events 
provided by the various surveys, plotted as a function of observ- 
ing frequency. 

Most of the published pulse searches have been carried out 
with simple receiving equipment and antenna apertures of not 
more than a few square metres. To achieve a greatly improved 
sensitivity limit, we have re-analysed data from a pulsar survey? 
done at the Arecibo Observatory in 1973-74. At 430 MHz the 
Arecibo telescope has an effective aperture of over 40,000 m’, 
and the pulsar survey made use of a special dispersion-compen- 
sating radiometer that permits a relatively broad total 
bandwidth to be used without losing sensitivity to impulsive 
signals. Relevant parameters of the Arecibo observations are 
summarised in Table 2. 
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Fig. 1 Approximate limits on the rate of PBH explosions implied by the 
survey sensitivities listed in Table 1. The lower point plotted for the present 
work represents the limit as given in Table 1, computed as for the other 
surveys; the upper point is a firm, 80 limit based on the data given in Table 2. 


Dispersion compensation was done by a small computer that 
sampled each of the 32 receiver output channels every 16.7 ms 
and then recombined them with progressive delays to ‘de- 
disperse’ the signals. In the observations under discussion the 
dispersion range was 0-640 cm ? pc (ia steps of 20 cm ? pc and 
with time resolution of 16.7 ms) and 6-1,280 cm ° pc (steps of 
40 cm™ pe, time resolution of 33.3 ms). The de-dispersed data 
were arranged in blocks of 8,192 samples (4,096 for the high- 
dispersion range), and for each block a two-dimensional histo- 
gram was printed showing the distribution of detected, de- 
dispersed signal amplitudes, as a function of dispersion measure. 
The observed frequency distributions were indistinguishable 
from a gaussian curve over the range of amplitudes for which 
adequate statistics were available (+5 standard deviations of the 
noise), and were also indistinguishabie from those produced 
when a calibration noise source was inserted into the system. 

About 12,000 blocks of data were searched for evidence of 
narrow pulses of well defined, non-zero dispersion measure. 





Table 1 Sensitivity parameters for 11 radio pulse surveys 








1 2 3 4 5 6 7 8 9 10 
Integration System Observing Threshold Maximum distance Rate of PBH 
Survey Frequency Bandwidth time temperature Solid angle time sensitivity fer PBH 
v (MHz) Av (MHz) 7 (s) T, (K) © (sr) T th) Uni )m Hz!) day (pe) 
ALL? 45 1 0.6 25,000 1 1,768 11x1077! 140 
В!27 80 1 0.6 5,000 1 1,100 1.2x 19722 280 
gue 400 0.06 17x1075 200 3 100 1.4x 1077? 270 
p?? 1,400 0.5 4х1076 150 0.25 100 1.4х10723 580 
Е!47 151 -d ~1 1,000 ~0.8 3,620 3.4x 10733 160 
Fie 270 50x 0.25 0.02 200 1 213 1.1x 107?* 900 
c" 380 3 0.5 500 0.086 232 42x107* 430 
H+’ 430 L5 0.1 1,100 3.3х107* 33 3.2x 10776 5300 
л 1665 15 0.002 200 §.6x 1075 28 6.6 x 19728 37x10* 
Kee 10,000 40 0.5 20,000 1.5x 107? 1,700 6.2х10722 38 
Present 430 2х32х0.25 0.017 175 6.6x 107° 292 13x1077? 25x10 
work 


Data given in columns 2-7 were taken directly (or estimated) from the original references or from Meikle and Colgate’. The бе thresho:d sensitivities (column 8) were 
computed from the relationship Umin  6(2KT)JALA (Av)? where k is Boltzmann's constant, A =A 7/0 is the effective antenna aperture, At is the apparent pulse 
width expected at the receiver output, and the remaining quantities are defined in the table headings. For surveys A-D, At will be dominated by dispersion broadening for 
interesting dispersion measures; the quotéd value of U min assumes At = 8,280 DM Av v ^ for v, Av in MHz and DM = 100 стг? pc. For the remaining surveys Us is 
independent of dispersion measure because Аг is dominated by т. We have not allowed for differences in antenna efficiencies or the threshold o values, because few authors 
gave these. The entries may thus be in error by a factor ~2. Column 9 gives the maximum distance at which a PBH event of E = 101? J Hz ^ ! could be detected: for surveys 
A-D we assume a mean density of 0.03 cm ^ for the electrons causing dispersion along the line of sight. Finally, column 10 gives the correspoading upper limit on the rate of 
PBH events. For surveys A-D, dma, o E!/? and Ко ЕС}, while for the others dma, CE’? and Roc E^ 7/7. | 
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Blocks with broad, high intensity features at low dispersion 
measures were rejected as containing terrestrial interference. 
On all other blocks, all ‘events’ at or above бе were catalogued. 
The frequency of pulses at the бо level was consistent with that 
expected from random noise fluctuations. 

No pulses were found at, or above, the 80 level, but eight 
unusual features seen at about 7 times the r.m.s. noise should be 
mentioned. These events do not seem to be mere statistical 
fluctuations, and most were found at such high aparent dis- 
persion measures and so isolated that a plausible source of 
interference is not apparent. However, as they were evenly 
distributed in dispersion measure, and none appeared at or 
above 8 times the r.m.s. noise, it seems unlikely that many of 
them could have been produced by isolated events spaced 
uniformly over the region surveyed. They are not due to normal 
pulsars, because the original data was examined for periodicity 
(0.033 « P « 3.9 s) by a computer program which could detect 
pulsars well below 6 times the r.m.s. noise, and some of them are 
clearly due to single events that lasted less than the integration 
time. The pulses might be due to irregular giant bursts from very 
faint pulsars, or to some completely unknown terrestrial or 
extraterrestrial cause. A decision on the source would require 
either vast amounts of observing time with a single Arecibo- 
sized antenna, or a shorter period with two Arecibo-sized 
telescopes operating simultaneously. 

The sensitivities and pulse rates quoted in Table 1 are based 
on a бо detection threshold and on the assumption that the 
puises being sought are shorter than the integration times of the 
surveys. This assumption seems valid as the pulses produced by 
the mechanism mentioned earlier are expected to be intrinsic- 
ally shorter than 10 s, and broadening of the pulses by inter- 
stellar scintillation, if it is like that observed for pulsars'^, should 
not be a problem, at least out to DM = 500 cm ^? pc (the largest 
dispersion yet observed for pulsars). 

To make a rough estimate of the upper limit on the rate of 
PBH explosions implied by these observations, we assume that 
every explosion releases nearly mc? of energy over a bandwidth 
of 1 GHz. With the assumptions introduced by Rees! and 
Blandford‘, and taking the mass of still-unexploded black holes 
to be ma; == 10* kg, we find that the explosion releases energy 
density E = 10'S J На"! at frequencies near v, = 1 GHz. If the 
detection threshold is Umin, such an outburst could be detected 
to a distance dmax given by 


Onin = Е/(4та ы). (1) 
The volume V surveyed is then 
V=1/3 4..0 (2) 


where Q is, say, the solid angle of the area of sky surveyed to 
better than —3dB of the on-centre sensitivity. The limit on the 
rate is then taken to be R = (УТ) `+, these rates are plotted in 
Fig. 1. The reader is invited to multiply them by the factor 
appropriate to his favourite distribution and confidence level. 
Corrections for E # 10'^ J Hz™! may also be applied. 

One must be careful in comparing the rates thus obtained, as 
there are many hidden assumptions (besides the one that the 
particle physics is such that the phenomenon can occur at all): 
first, the spectrum of the hypothetical pulses has been asumed 
flat from over the frequency range covered by these surveys; this 
is not likely to be the case*, but because the value of v. is 
uncertain by several orders of magnitude, it is not possible to 
make any useful corrections. 

Second, the magnetic field strength at the sites of the 
explosions is assumed to be a few microgauss. This is likely to be 
an overestimate for survey J and the present work, where much 
of the volume searched was intergalactic. Again, useful cor- 
rections are not possible, because v. and the strength of the 
intergalactic field are unknown. 

Finally, the PBH's are assumed to be uniformly distributed 
throughout space. If they are assumed to be correlated with 
galaxies (into which they might have fallen), or anticorrelated 
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Table 2 Parameters of the Arecibo search 





Frequency 430 MHz 
Bandwidth 32x0.25 MHz 
Polarisations 2 circular, summed 
Integration time 0.0167s 

Effective aperture 4x10* m? 

System noise temperature 175 К 

Regions searched Aquila, Taurus 
Interference-free search time* 292 h* 


Threshold sensitivity* (80) 3x10 7 4m"? Нг! 





* Values quoted are for the lower dispersion-measure range. The higher DM data 
blocks had threshold sensitivity 4 x 1077? J m7? Hz”! and were interference-free 
for 368 h. 


(they might rapidly accrete to masses ^n, inside galaxies) 
comparisons become much more difficult. 

Any further interpretation of the data in Tables 1 and 2 must 
await theoretical developments. 
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A wind driven shell model for 
the absorption line systems in QSOs 


THE spectra of many QSOs are rich in narrow absorption lines. 
The still somewhat uncertain identifications suggest that the 
absorption is due to ions of ionisation potential «40 eV. If the 
ionisation is due to the radiation from a central source, then 
theoretical models" give gas temperatures of <~30,000 К. 
The absorption line systems are generally blueshifted with 
respect to the emission line redshift of the object. If these 
blueshifts are Doppler shifts then they correspond to velocities 
ranging from ~0.001 to 0.5 of c (the velocity of light). The 
interpretation of these differential redshifts has been contro- 
versial?. Opinion has polarised about two extreme hypotheses— 
that all the absorption is due to intervening galaxies (the inter- 
vening hypothesis) or that it all arises in the vicinity of the QSO 
(the intrinsic hypothesis). At present, apparently the only way of 
mapping the Universe at large distances is by observing QSOs. 
The weakness of current models for intrinsic absorption has lead 
many to suppose that all the absorption occurs in intervening 
galaxies. If true, this has profound implications for the structure 
of the Universe. In particular, it implies that in the early 
Universe, galaxies had extremely large haloes (perhaps as large 
as 0.5 Mpc (ref. 6). Furthermore, it suggests that there also 
existed, at high z, large clusters of galaxies with velocity dis- 
persions much greater than those hitherto observed at small z 
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(refs 5, 7, 8). Because of the importance of these conclusions for 
galactic structure and evolution, it is obviously essential to 
determine what proportion, in fact, of the absorption systems 
are intrinsic to the QSOs. We present here an intrinsic model 
which seems to explain the essential features of many absorption 

. This is a crucial first step towards the eventual separa- 
tion of the-obeervations into intrinsic and intervening systems. 

The parameters given directly by the observations are the 
column density, ionisation state, velocity and velocity dis- 
persion. It is also possible to estimate indirectly the density of 
the absorbing material? and its distance from the central radia- 
tion source? '!, Although uncertain", these estimates suggest 
that the absorption takes place in thin, dense (—10—10? cm?) 
shells at distances of the order of kpc (ref. 5). 

All previous attempts '*7' to explain these systems as intrinsic 
have relied on expulsion of gas from a central object. The 
principal difficulty with such models is that they are unable to 
produce enough absorbing material at large enough distances 
from the source. They also cannot account for the apparently 
normal abundances observed. 

It is now generally believed that QSOs are active nuclei of 
galaxies and it is therefore reasonable to suppose that the 
absorbing material consists of interstellar gas which has been 
swept up by winds emanating from QSOs. Such a model gains 
added credibility from detailed investigations of the physics of 
radiatively accelerated winds'^!5 which show that it is inevitable 
that a significant fraction of the radiative energy output of a 
QSO is converted into kinetic energy of an outflowing wind’®. 

If a QSO emits a wind with velocity V, and with a mase-loss 
rate m, into a uniform stationary gas of density po, then the flow 
will be as shown in Fig. 1. This flow pattern is set up because V is 
much greater than the sound speed in the ambient gas. The 
validity of the hydrodynamic approximation is discussed else- 
where". This situation is entirely analogous to the interaction of 
a high speed stellar wind with interstellar gas!*?. In the initial 
stages of the flow both the shocked ambient and wind material 





Fig.1 Flow pattern of a QSO: a, the freely outflowing wind; b, the 

shocked wind; c, swept up ambient gas; d, undisturbed ambient 

gas. S, is an inwards facing shock in the wind, C is a contact 

discontinurty and 5, м the outwards moving shock in the ambient 
gas. 


119 


are far too hot either to cool or to give rise to absorption lines. In 
fact it can be demonstrated that the shocked QSO wind material 
behaves adiabatically over all time-scales of interest". The 
effects of radiation pressure on the dynamics of the system can 
also be shown to be negligible during this phase". During this 
completely adiabatic phase the position, г, of the outer shock 
can be described by the following similarity law: 


z 241/5 
nal; а p (1) 


where a is a dimensionless constant which is found from 
computations’® to be equal to 0.88. A similarity solution is valid 
because the characteristic length, /=(m/(Vpo))'”, is small 
compared with the typical scale size of the flow for all reasonable 
values of the parameters. For the swept-up material to be visible 
in absorption, it must cool. Cooling sets in suddenly? when the 
radiative cooling rate exceeds the expansion cooling rate 
immediately behind the outer shock (S2). This occurs at a time г, 
when the shock has a radius r, and velocity V. given by!*: 





1,22 4.3 x 10° Mig ril yr (2) 
ro™ 7.7 Èk ng" kpe (3) 
V.23.6x10? Elf nyte (4) 


In these equations the mechanical energy output rate, É 3m V? 
of the QSO is expressed in units of 10“ erg s^! In deriving these 
equations, the cooling rate has been taken to be L= 
1.68 x 104 nT” ergg “s~. This is a reasonable approxima- 
tion” for the temperature range, 5x 10*K< T « 5x10? К, and 
is calculated on the assumption of normal solar abundances. 
This is the appropriate temperature range for the onset of 
cooling in all circumstances which have been considered". (The 
above parameters are not, in fact, very sensitive to the numerical 
coefficient adopted in the cooling rate. If L is multiplied by a 
factor A, say, it can be shown that t~ А 5/11, И, ~ А2711, and 
n~ A? 11) 

Rather than attempting to present here a complete descrip- 
tion?" of results applicable to a wide variety of particular objects, 
we will now concentrate on the absorption system in the QSO 
3C191. We do so because this object was not only the first QSO 
with identified absorption but is to date one of the very few 
QSOs which possesses an unambiguously identified set of 
absorption lines*. Studies of the spectra"! place the absorption 
line system with a relative velocity of 0.0027 c at a distance of 
7-10 kpc from the source, and estimate a column density of 
Nw~3X10'% стг? and a number density ~10?cm™. The 
observed visual luminosity, L,, is 10% erg в (assuming Ho = 50 
and До” 0). 

We will suppose that the spectrum is flat (a ~ 1) with а drop or 
cut off at about the He п ionisation limit. Theoretical studies!5 
show that a value of Ё ~ 10* егр 57! is consistent with this 
spectrum and the observed visual luminosity. For no we adopt 
the value of 1, but note that the results are rather insenaitive to 
the actual choice of parameters. These values give t= 
2.3 x 10° yr, r,2- 3.3 kpc, У, = 0.0029 c. At this shock speed, the 
postshock temperature is ~10’ K. The gas will now cool accord- 
ing to the cooling law above until it reaches a state of ionisation 
and thermal equilibrium with the radiation field. The equation 
of state is поз 


Р = Rpyf(y) (5) 
where 


y = Lef (4nr^pc?) (6) 


is the ionisation parameter!^", R is the gas constant, and 


Қу) ча Т(у)/ (иу). This state is critically dependent on the spec- 
trum of the QSO”'. For flat spectra F(v)  ^* (with a ~1) the 
equilibrium temperature is a few times 10* К. Calculations?! of 
the photoionisation equilibrium show that over many orders of 
magnitude in y for most spectra, the gas is quasi-isothermal at 
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either ~10° К (high ionisation) or ~10* K (medium ionisation 
to neutral). In these-quasi-isothermal states a good approxima 
Чоп!!! for f(y) is f(y) ~ By’, with B —1, В(10 K) — 6x10, 
B(10* K)~6x10°. As the gas cools V will initially decrease, 
and an upper limit to the postshock pressure is 





PoV? (7) 


Then the number density in the cool material is 


2 


€—— M 

Куу.) 

where y, is the equilibrium value of the ionisation parameter. 

Substituting equations (6) and (2) into equation (8), we obtain 
the implicit equation for y.: 


fly) $9.3 10" ng 


(Ly as m L,/10*5) 

For the values of по, É and L, for 3C191, we find that 
logiof(y.) = 14.1. From Róser's?! calculations we find log y,~ 
— 9.5. For this spectrum, at y, C IV and Si Iv are the dominant 
ions. During the subsequent evolution" y decreases so that the 
gas becomes more neutral. From y, and f(y.) we find that 
(equation (8)) n « 2.3 х10°. 

The shell thickness, Ar, is given by 


(8) 


unn (9) 


Ave my (10) 
3n : 


so that Ar/r 10 *« 1. (The importance of this small ratio is 
that it has always been supposed difficult to get such a small ratio 
in an intrinsic model.) The column density in neutral hydrogen, 
Nin ~ X(1—2x)Nu, where Ny = nor, and x = x(y) is the degree of 
ioaisation of hydrogen, and X is the mass fraction of f hydrogen. 


At Ya (1—x(y9)—107*, so that № =10'* cm 7. Since у 
Ny will increase. 
All these values are in surprisingly good agreement with the 


observations in view of the crudity of this first mode]. This 
agreement can be shown to remain even when we consider, 
non-uniform and non-spherically symmetric ambient density 
distributions". 

Once a cool dense shell has formed, it will start to absorb 
momentum from the radiation field. 

We do not discuss the further behaviour of the shell here in 
detail, because, in contrast with the formation of the shell, the 
flow depends strongly on the parameters. We show" that in the 
majority of cases, the shell accelerates due to the radiative 
driving and that often the acceleration is limited only by the total 
momentum content of the radiation field. If this happens, then it 
is unavoidable that the shell becomes subject to the radial 
instabilities discussed elsewhere”, as well as non-radial 
instabilities'’, The more effective the radiation driving, the 
higher the velocity and the more unstable is the system. Thus the 
mechanism seems capable of providing a natural explanation for 
the multiplicity of high velocity systems. In addition, if the shell 
does accelerate, then there will be some gas which cannot cool, 
and will be collisionally ionised, which might explain the 
apparently anomalous appearance of ions of high ionisation 
potential in otherwise relatively neutral systems. 

We have also examined such important questions as the 
effects of varying the spectral distribution of the radiation field 
end of departures from spherical symmetry. These considera- 
tions place definite constraints on the characteristics of the 
radiation sources and on the gas distribution in galaxies in order 
that absorption line systems form by the mechanism discussed 
above. Note that the removal of gas by the wind will inevitably 
have important consequences for the further evolution of the 
galaxies. 

Whereas we do not believe that this ohin can explain all 
the absorption line systems of QSOs, our detailed exploration of 
its consequences” should provide a basis for distinguishing 
between intrinsic and intervening systems. 
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Measurement of forces between 
two mica surfaces in 
aqueous poly(ethylene oxide) solutions 


WE have measured the forces between two curved mica 
surfaces immersed in a solution of 0.01% poly(ethylene oxide) 
(molecular weight 148,000) in 0.04 M MgSO, (a good solvent). 
The experimental technique allows the measureent of (1) forces 
as a function of surface separation; and (2) the refractive index 
of the medium between the surfaces’?. The forces exhibited 
large irreversibilities as well as short-term and long-term time 
dependent effects, and we conclude that—for observation times 
leas than a few hours—these interactions cannot be described in 
terms of an equilibrium force law without specifying the pre- 


* vious history of approach of the surfaces. 


Figure 1 shows results obtained after 2 b equilibration. The 
arrows indicate the paths taken in measuring the forces (Ai > 
B, Ci À;--:-) Each compression-decompression cycle 
(A, > B, > C,) took 5-15 min, during which the surfaces were 
approached to point B, and then separated to a large distance, 
2300 nm, and after a time brought together again (А..:» 
B„+1 >: 7). Three distinct force regimes were distinguished, 
which we label a, B and y. 

a-Regime: if the surfaces are kept well separated after a 
decompression for more than 10 min the initial repulzion on 
approach rises sharply and roughly exponentially, and its 2. 
depends on the closest distance of previous approach (Flg. 1 
However, if the surfaces are kept well separated for a few d 
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the forces always tend to the limiting force law (Fig. 1, dotted 
line). The repulsive forces in the a-regime extend over 15- 
30 nm, are reversible over short time periods (a few minutes), 
and have the same form irrespective of the onset separation. 
This regime may possibly be associated with the ‘diffuse inter- 
penetration’ domain discussed by Napper’. (We also note that if 
the surfaces are approached within only 1 or 2 min after a 
decompression from a small separation the repulsion may be 
preceded by an attractive region. See Fig. 1, inset.) 

B-Regime: on further approach the repulsion increases less 
rapidly and the force varies roughly linearly with distance, but 
closer іп it rises more rapidly. The B-regime is highly unstable 
and irreversible: the force depends on the rate of approach, and 
if the surfaces are kept under a constant force they drift towards 
each other at 1-5 nm min“, though closer in the inward drift 
rate is lower. We have also observed that the surfaces can 
undergo sudden jumpe towards each other, suggestive of the 
‘yield’ characteristic of polymeric gels possessing a network 
structure undergoing partial collapse*. If the externally applied 
force is decreased in the B-regime the surfaces move out only 
very gradually or stick, indicating adhesion. The behaviour of 
the forces in the B-regime may be due to (1) slow adsorption 
(desorption) processes, including bridging, of tails during 
compression (decompression); (2) a slow reconformation of a 
polymeric network undergoing rearrangement of intertail 
crosslinks. The attractive forces measured during and soon after 
a decompression from a small separation also strongly suggests 
that significant bridging occurs. 

y-Regime: below —5 nm, the repulsion increases very steeply 
and polymer now becomes forced out from -between the sur- 
faces, which ultimately come into molecular contact within 
+0.05 nm of the original contact measured in MgSO, solution 
without polymer. 

We have also measured the refractive index of the aqueous 
polymer medium between the surfaces at various separations. 
The refractive index n rises as the separation falls towards the 
y-regime, thereby indicating that in the a- and B-regimes poly- 
mer is being compressed, though some extrusion may also be 
occurring. Typical values are: n = 1.336 + 0.003 at 45 nm, n = 
1.343+0.003 at 11 nm. As for bulk polymer solution: n= 


Repulatve force,F(nN) 





Fig. 1 Repulstve forces +F measured between two crossed 
cylindrical surfaces of mica of radius —1 cm as a function of 
separation D in 0.01% poly(ethylene oxide) m 0.04 M MgSO, at 
21 °С. The force measured before addition of poly(ethylene oxide) 
is shown on the extreme left and to pure double-layer 
repulsion and van der Waals attraction". The limiting force with 
poly(ethylene onde) (dotted line) is attained a few hours after 
addition of polymer (for an approach rate of ~10 nm min !). After 
compression (А, + B,) and decompression (B, С,), the 
subsequent compression forces measured ~1 min later are shown 
as dashed curves, while those measured 10-20 min later are shifted 
farther out (A,41> B,+;). The inset shows detail on a linear plot of 
the decompression (B, Су) and subsequent compressions (А; > 
B4) measured 1 and 15 min, respectively, after decompression Сз. 
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1.334, and for pure poly(ethylene oxide): n — 1.454, these 
results indicate that the number of adsorbed polymer chains per 
surface is ~2 x 10!! ст *—а similar value to that obtained for 
the equilibrium adsorption of high molecular weight 
poly(ethylene oxide) on silica’. 

The magnitude of the forces was different when different 
micas were used, probably reflecting the different adsorption 
capacity of poly(ethylene oxide) on different mica surfaces. 
However, the qualitative features discussed here were always 
the same, and forces were always measured at distances many 
times (72)!? (~30 nm) of the poly(ethylene oxide), qualitatively 
similar to recent results obtained with poly(vinyl acetate)*". 

Our results indicate (1) the existence of a dilute long-range 
polymer layer forming on mica surfaces, probably possessing 
gel-like properties; (2) that even though the forces may be 
monotonically repulsive on approach, once significant overlap 
occurs there is sticking, probably through polymer bridging, 
resulting in effective adhesion; and (3) as the rate of segmental 
rearrangement towards equilibrium is very slow (>1 h) the 
effective forces between colloidal particles with adsorbed 
olymers of high molecular weight may often be determned by 
non-equilibrium relaxation mechanisms. 

We thank D. Napper and R. Feigin for supplying and charac- 
terising the poly(ethylene oxide). 
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Recent trends in the ?^C/"C 
ratio of atmospheric carbon dioxide 


THE 'ЗС/'2С ratio of atmospheric carbon dioxide has decreased 
by approximately 0.6% over 22 yr according to new direct 
measurements reported here. Our results offer a way of 
establishing whether "C/'"*C ratios of tree rings’* are 
representative of atmospheric "CO, variations. We have car- 
ried out both isotopic (at Groningen) and concentration (at La 
Jolla measurements of atmospheric CO; on air samples 
obtained during 1977 and 1978 at three widely spaced locations: 
La Jolla, California (33°N, 117°W), Fanning Island (4°N, 
159°W) and the South Pole. Sampling, instrumental, and analy- 
tical procedures closely matched a similar study carried out 22 yr 
earlier by Keeling??. 

The new isotopic measurements are plotted in Fig. 1 as the per 
mil variation, 8'°C, of the С/С ratio from the historic 
standard PDB. Also plotted are isotopic data for 1955 and 1956 
for those sites and times of day of the original study having 
minimal local disturbance to the CO, concentration from 
vegetation. Published 1955-56, 8"*C values have been recom- 
puted from the original mass spectrometer mass ratios, 45/44 
and 46/44, to be consistent with the computational methods 
used for the 1977-78 data. Corrections for valve mixing and "O 
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Fig.1 Change in the relation between carbon isotopic rabo 4 "^C, 
and concentration of atmospheric CO; over 22 yr. Mean change is 
shown as а dashed line. Locations as follows: О, Inyo Mountains; 
*, Inyo sample omitted in computing equation (2), V, three west 
coest United States sites shown for comparison (only samples 
collected nearest noontime are plotted), Olympic Beach’, Yose- 
mite National Park*, Organ Pipe National Monument*; A, Fan- 
ning Island; O, La Jolla, California. Solid lines show 
relations for 1956 and 1978 as given by equations (2) and (1), 
. &, denote inferred Northern Hemispheric means for 
1956 and 1978. Inset: relstonahip of 5' C to concentration for the 
South Pole. Solid line shows mixing relation assuming same slope 
as Northern Hemisphere (shown dashed.) 


follow prescribed methods’. The new measurements are cali- 
brated against NBS-20 and a set of organic standards in use since 
1963 (ref. 10), whereas the 1955—56 measurements are against 


PDB itself and two other carbonate standards previously cali- : 


brated against PDB. Recomputation has lowered the 1955-56 
38°C values by 0.09 to 0.10%. Details of this recomputation, and 
instrumental and analytical details of the new measurements, 
will be published elsewhere. 

The calibration accuracy of the 1955—56 data is estimated to 
be within 0.13%; that of the new data +0.05%. . 

As seen in Fig. 1, the 1977-78 Northern Hemisphere samples 
irrespective of latitude closely follow a single mixing equation’ 
(in per mil): 


8 =—26.54+6346.98/ u (1) 


where the first term denotes the 5C of CO, added or subtrac- 
ted from the sampled air by either fossil fuel combustion or plant 
activity (which cannot be distinguished); ш is the CO, concen- 
tration in p.p.m. of dry air. We adopt a provisional estimate of 
the seasonally adjusted concentration for Mauna Loa Obser- 
vatory (unpublished) as representative of the Northern Hemi- 
sphere for 1 January 1978; thus из = 334.2 p.p.m. It follows 
from equation (1) that буа = ~7.55%. A similar analysis for the 
Southern Hemisphere (South Pole data) yields 87, = —7.59% for 
krs = 332.6 p.p.m. Thus no appreciable mean isotopic gradient 
appears to exist between hemispheres in spite of a small gradient 
in the seasonally.adjusted concentration. 

For 1955-56 the Inyo Mountain series (37N, 118°W) of 
March 1956, are the most extensive set of data for a single 
location. These data obey the mixing equation: 


8 = —26.97 + 6271.63/u (2) 


To obtain a representative value of и we extrapolated back- 
wards from early 1958 when the first precise concentration 
measurements were obtained at Mauna Loa Observatory’? on 
the assumption that the CO, varied in proportion to the known 
input from fossil fuel between 1956 and 1978. For January 1, 
1956 we find шз; = 314.1 p.p.m. It follows from equation (2) 
that 846 = ~7.01%. ^ i 
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The above isotopic ratios'for both 1956 and 1978 are 
influenced by atmospheric N,O which is included in the sample 
gas analysed by the mass spectrometer"?, To correct for this we 
assumed a present N;O concentration of 0.30 p.p.m. and a 1.596 
increase іп N5O per decade. The correction is +0.32% in 1956 
and +0.31% in 1978. V^ A 

We find that the composition of atmospheric CO; over the 
Northern Hemisphere has changed from 1956 to 1978 as 
follows: ' 


CO, concentration (д): 314.1 to 334.2 p.p.m. 
carbon-13 ratio (8): —6.69 to -7.24% 


For the Southern Hemisphere no isotopic. data exist for 1956. 
Concentration data since 1958 (ref. 14) and the present isotopic 
data indicate, however, that differences between both hemi- 
spheres cannot be large compared to hemispheric changes in 
22 yr. We therefore regard the Northern Hemisphere data as 
being close to global averages. 

The observed decrease.in 817C over 22 yr agrees to the stated 
accuracy with predictions of the effect of fossil fuel combustion 
on the carbon cycle" based on two recently published geo- 
chemical models'“'’. In summary, these models yield almost 
identical predictions if the land biosphere is assumed to respond 
to the recent atmospheric СО, rise ' such that the observed in- 
crease (20.1 p.p.m. or 43 Gton C) is satisfied. When the isotopic 
fractionation factors (kinetic air to sea, 0.986; equilibrium air to 
sea, 1.009; air to biosphere, 0.982; air to fossil fuel, 0.980) are 
treated without mathematical approximation", the decrease in 
БС is 0.44% for a fossil fuel CO, input of 79. Gtons (ref. 17 and 
unpublished data). This result assumes that the biosphere grew 
in 22 yr by: 12 Gtons. The model predictions, however, are 
insensitive to biospheric growth which can even be assumed 
negative. For example, the models predict a change of 0.42% if 
the biosphere shrunk by 40 Gtons, attended by a much greater 
oceanic uptake of CO, than assumed in the first calculation (76 
instead of 24 Gtons). . 

This circumstance suggests that a time record of atmospheric 
"CO, data cannot help decide the rate of biospheric growth or 
shrinkage during this 22 yr period of concentration measure- 
ments. Such a record may, nevertheless, be a valuable substitute 
before the time of reliable direct concentration measurements. 
Our results are offered as an aid in verifying tree ring studies 
which span both the past and recent periods. 

We thank Alane Herron, John Jennings and Jaap Jortgsma for 
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Harmon Craig and Samual Epetein for critical discussions. This 
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Effect of variable. energy input 
on nitrogen fixation in 
instantaneous linear discharges 


ATMOSPHERIC nitrogen oxides are a central issue in the pho- 
tochemistry of the troposphere, stratosphere and urban atmos- 
phere. The removal of nitrogen oxides by precipitation is a 
source of fixed nitrogen to the biosphere. Thus the nitrogen 
fixation rate by natural and anthropogenic discharges is of wide 
concern" *. While it is generally assumed that P, the molecules of 
NO produced per joule of discharge, is independent of the input 
energy, the analysis reported here implies that P does vary with 
input energy. Thus care must be taken when extrapolating NO 
yields from small laboratory sparks to more energetic processes 
of potential geochemical significance. Although the calculations 
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Fig.1 The NO equilibrium mass mixing rato, f^, represented by 
the solid line, and the NO chemical lifetime, Tno, represented by 
the dashed line, as a function of temperatyre, T. Thermochemical 
data from the JANAF tables ? was used to determine /° from an 
inital mixture of 0.78 atm N;, 0.21 atm О», 0.01 atm H20, 
3.3x10 * atm СО» and 15x10 $ atm CH4, and ambient 
temperature of 288 К, and an assumed ny, number density within 
the heated ar, of 2 5x 101? molecules cm °. The equilibrrum 
' concentrations as a function of T were determined for №, Nz, NH, 
(x 71,2, 3), NO, МО», О, ©, Оз, H, H20, Њ, HCN, OH, НО, 
CO, СО», CH, (x = 1, 2, 3, 4), N20 and HNO. The rates of the re- 
actions NO+N>N2+0, NO+O+N+Q,, and NO+NO> 
N4O +O were used to determine тмо with kinetic data obtained 
from Baulch et al.’° and Hampson and Garvin!!. 
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Fig.2 The freeze-out temperature, Тр, as a function of discharge 
energy, Eo, аз determined from equation (8). The solid line is for 
y = 1.4 and the dashed line is for y= 1.25. 


assume a cylindrical symmetry appropriate for a linear dis- 
charge, the results are consistent with equivalent calculations 
using spherical symmetry. 

As identified by Zel'dovich'?, № and 2; are converted to NO 
by high temperature chemical reactions occurring in the shock- 
heated air surrounding the discharge. Figure 1 shows f°, the 
equilibrium NO mass mixing ratio, and tno, the NO chemical 
lifetime, as a function of temperature, T, for an initial mixture of 
air at 1 atm and 288 K. Defining nw as the number density of the 
heated air, tro is accurately representec by 


1.55107 exp (53,942/T) 
ae 


TNO (1) 
(Calculations indicate that for the region of interest пм is 1-10 
times the ambient number density. As ry, increases, f? slowly 
decreases.) 

If a parcel of air is heated to T=4,000K and cooled at a rate 
characterised by а cooling time, 7+(T) NO will remain in 
equilibrium until T = Tp, the ‘freeze-ouf temperature, where 


>1о Т> Тр 
-1forT-7, (2) 
«lforT «31, 


Ti(T) 
тно(Т) 





For T < Tp, NO is too long-lived to adjust to the decreasing 
temperature and NO is frozen at f"(Tr). The NO yield is 
approximated by 


Р M (Ts, Eo) f?(Tp) 6.02 x 107” m 
P E, 30x 103 (molecules J ) (3) 
where M is the mass (kg m7’) of air heated above Tp and E, is 
the input energy (Ј0 1). 

To evaluate тт and M we adopt the mumerical-difference 
equations derived by Lin" which simulate a strong shock 
produced by an instantaneous linear discharge. While these 
equations do not directly consider, transiational, rotational, 
vibrational and chemical modes of energy transfer, by assuming 
specific heat ratios, y, of 1.4 and 1.25, these effects should be 
adequately boundedP. For an ambient pressure, ро, of 1,013 
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ity, po, of 1.228 kg m^, T', the shock front 
.e, is 


| К , 
' T'= Ay) = б 





where г is the time in seconds after the discharge and 

1.11 x 107* for y 21.4 

6.18x 10? for y = 1.25 

Following Zel'dovich and Raizer!, we define ry at T'= Tp as 
a ery 

T' dt 


АО) =) © 





т) =( (6) 


T'-Tr 
from equation (4) 


sus 487 (7) 


Thus ry increases as Ey increases, or the cooling rate decreases 
as the surface-to-volume ratio decreases. 

Combining | equations (1), (2) and (7) for лы 
2.5x10'? om”, 


3.0957 x 107? 
Ber | A 


Figure 2 illustrates the resulting inverse relationship between Tp 
and E; for y = 1.4 and 1.25. While Tp ~ 2,000 K for Eo ~ 10^- 
107Jm'!, for lower energies Tp>2,000K. These results 
contradict previously held assumptions that. Тъ-~- 2,000 К, 
independent of Ep, and, as outlined below, implies that P varies 
with Eo. 

From Lin's" equations, 


Ty exp 3922/7) | Gm) (8) 


(яш!) (9) 





СОБ , 
Ty 


M(Tr, Eo) = тЕХТь, Eo)po = 
where R is the shock front radius and 
395x107  fory-14 
c ioi x107^  fory-125 ao 


Substituting in equation (3) 
Du 6.02 x 1073 
30x10 . 


The dependence on Б is caused by the variation of Tp with Eo. 
Because R?oc 1/po, P is not directly dependent on po or po; the 
variation of тт and f? with ambient conditions results i in only a 
weak dependence of P on po and p 

Figure 3 depicts P for eld. and 1.25 as well as some 
laboratory results”™'*!5, which are consistent with the variations 
predicted here. The equivalent NO yields for m megaton point 
explosions determined by previous investigators" " which are 
included in Fig. 3 are also consistent with the present results. 

As Е, decreases from 10 to 10* J m`’, f?/ Tz increases and 
thus P increases. For Eo < 10* J тї, however, Tg 4,000 K, f? 
maximises and then decreases, and thus P also decreases. Over 
the range 10!-10!5 J m`’, P varies by a factor of about 9 with a 
maximum near 10fJm™. Decreasing y from 1:4 to 1.25, 
reflecting an increase in heat capacity, causes a 50% decrease in 
Р. D 


P-2C(y)—— (molecules 17) (11) 


In addition to the above dimensional calculations, fully time- 
dependent calculations were carried out, similar to those of 
Goldsmith et al^, to confirm the behaviour of P. Using Lin's"? 
equatións, the temperature and density histories of 11 mass 
shells (of 1075, 107°, 2x 10°, and 2x10’ kg m™ for E; 10°, 
10°, 10, and 1075] m !, réspectively): extending radially 
outward were obtained. These parameters as a function of time 
were coupled to an N;/O;/NO chemical scheme?" ^! to 
determine the NO production within each shell. The results of 
these kinetic calculations are also indicated in Fig. 3. Because 
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the kinetic calculations included the enhanced densities of the 
shocked air while the dimensional calculations assumed ny, = 
2.5x 10? cm™, the yields from.the former method are some- 
what lower, than those from the dimensional approach. The 
finding from both calculations that P may vary by as much as an 
order of magnitude over the range of input energies is of 
potential geochemical significance. An illustrative example is 
presented below. 

To estimate the fixation rate by atmospheric lightning, 
Chameides et al.’ adopted a P of (6+ 1) x 10'* molecules J^! on 
the basis of 10! J m^! spark experiments and simple calculations 
assuming Tp~ 2,000 К. However, if a lightning stroke dissipates 
about 10° J m^! (ref. 16), a value of (8-17) x 10'* molecules J’ 
may be more appropriate, assuming that the highly idealised 
shock wave model used here adequately simulates the cooling of 
air around a lightning discharge. Taking 1.6x107Jcm ?s^ 
(ref. 7) as the total energy dissipated by lightning, we obtain a 
global NO production rate of (1-2.5) x 10'? NO molecules 
сш? 87! or (35-90) x 10? gN yr™. This may be an overes- 
timation if a large portion of the stroke energy is consumed by 
the leader or if multiple-stroke flashes do not additively increase 


P (10'5 molecules J~!) 
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Fig.3 The yield of NO, Р, as a function of discharge energy, Eo. 
The solid line is for y = 1.4 and the dashed hne is for y = 1.25. The 
results of the fully time-dependent calculations for y = 1.4 (О) and 
y 71 25 (0), are given. The vertical lines depict the experimental 
findings of Chameides et al” and the square the results of the 
experiments of Zipf and Dubin!*!, The vertical rectangle 
indicates the equivalent results obtained by previous iier 
using spherical geometry for explosions in the megaton range" ^ 


the NO yield. For comparison, it is estimated that —20- 
30x 10" g N yr^! are produced by anthropogenic activities '^!*. 
As nitrogen oxides are removed from the atmosphere at a rate of 
~90х102 рМ yr 1m, it'is likely that lightning and combus- 
tion are the major sources of atmospheric nitrogen oxides ^?!, 
both processes involving the conversion of N, and'O, to NO by 
high temperature chemical reactions. 

This work was supported in part by NSF grant ATM77-20179 
and by NASA grant NSG-1497. 
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Black Sea sterol—a molecular 
| fossil: for dinoiiacediate blooms 


gE eo 
A PECULIAR sterol’ Каз — Jdound: in recent ГЕТЕ 
environments which we eventually found „жаз identjcal .with 
` the Black Sea sterol. This sterol was first mentioned among the 
extractable. sterols from the Black Sea sapropel layer as the- 
dominant component’. The concentration of this sterol in these: 
rare sediments seemed high enough for us to isolate and purify 
the object to determine its molecular structure and evaluate its 
' significance. We have isolated and.analysed the sterol fractions 
from the Black, Séa. sapropel. (by techniques to be described 
elsewhere), but here only elucidate.the molecular structure of 
the.Black Sea sterol and.discuss its significance. ^. — 
, The sediment investigated, which was deposited during the 
rise of the oxic-anoxic (H2S) interface after the last glaciation in 
the Black Sea (7,000-3,000 yr BP), has an organic matter 
content up to 50% and is composed of numerous membranous 
` dide During this-period the surface, water of the Black 
Sea gradually changed. from fresh water.to. marine conditions. 
This was accompanied by a changing phytoplankton population 
from fresh water diatoms and dinoflagellates to. marine coc- 
colithophores in the period after 3,000 yr BP (ref. 2). The. 
oceanographic conditions in the brackish water period together 
with special.pathways of organic matter degradation, trans- 
formation and preservation in the gradually more anoxic deep 
water, must have led to the deposition of the unusually organic 
rich sediment. The abundance of dinoflagellate cysts in 
the sediment points to an important role of these algae’ in the 
brackish water period, which. is understandable considering. 
the wide salinity tolerance of dinoflagellates!. We feel that the 
occurrence of the Black. Sea sterol could be related to the pos; 
tulated abundance of dinoflagellates in the surface waters during 
the period 7,000-3,000 yr BP. The: knowledge of the exact 
structure of this peculiar and abundant sterol in the sediment 


2 те 


must give clues to its biosynthetic origin and subsequently to the , 


origin of the sedimentary organic matter. The sediment investi- 
gated was sampled by gràvity corer in the Western abyssal basin 
of the Black -Sea (41°39 №, 30"44' E, —2,150 m). The core 
(covered core le 118 cm) consisted of | a white top layer 
(0-27 e a dark green microlaminated "layer . (27-71 ст) 

1 appearance e Unit 2 sediment of Ross and 
De 4c and clayiah sedie (71- 118 cm). The section from 
27 to 71 cm was.received frozen for analysis: The sediment was 
homogenised іп a Waring blender and divided into portions of 


\ 
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Fig. 1 Capillary gas chromatogram of the total sterols isolated 
from the Black Sea sapropel layer. 


250 g. Total sterols were isolated from the extract of such a 
portion, obtained after saponification of the wet sediment by 


-- ethanolic KOH, followed by digitonin precipitation for isolation 


of the 36-sterols. The digitonin precipitation procedure was 
_ carried out by addition of an excess amount of a 1% digitonin 


.- solution in 90% ethanol to the extract dissolved in C9H,OH- 


CHCl, (3:1, v/v). 

After stirring for two hours at room temperature, the mixture 
was centrifuged and the precipitate washed thoroughly with 
"ethanol. Thé precipitate was refluxed in pyridine for 30 min. 
Digitonin was precipitated from the reaction mixture by addi- 
tion of diethyl ether. The diethyl ether-pyridine solution was 
treated with 2 M HCI and the-ether layer, containing the freed 
3B-sterols, was dried, over anhydrous Na;SO,. The isolated 
sterol fraction was transformed into the corresponding tri- 
methylsilylethers by BSA (bistrimethylsilylacetamide, Pierce). 
Gas chromatographic separation was achieved on a Perkin 
Elmer 990 instrument, equipped with a 25 m glass capillary 
column (i.d. 0.25 mm) coated with OV 101. The temperature 
was programmed from 140 to 280°C at a rate of 4°C min". 
Helium was used as carrier gas. Figure 1 shows the appropriate 

„part of the capillary gas-liquid chromatography trace of the 
sterol fraction. The major peak in this gas chromatogram, 
previously designated as ‘Black Sea sterol’, was the subject of a 
, detailed structural analysis. Figure 2 shows the mass spectrum of 
the Black Sea sterol trimethylsilylether derivative, which was 
obtained by gas chromatography/mmss spectrometry on a 
Hitachi MS 52 instrument equipped with a 42-m glass SCOT 
column (i.d. 0.75 mm).coated with OV 101. . 

- The molecular ion m/e 500 points to ^ С steroidal alcohol 
with one double bond equivalent: The fragment ions m/e 229, 
m/e 231, m/e 269 and m/e 271 indicate a ring saturated steroid 
skeleton with one 4-methyl group*. The mass spectrum is iden- 
tical to the mass spectrum of the trimethylsilylether derivative of 
Dinosterol (&a-methyl-5a (H)-A?-23,24-dimethyl-cholestan- 
‚38-о1)°. - 

Further evidence for the possible similarity between the Black 
Sea sterol and dinosterol was obtained by comparative studies 
using 'H NMR and high-resolution gas chromatography. 

For that purpose the crude Black Sea sterol was purified 
further by p thin layer chromatography on silica gel 
with CHC);-CH;0H (99:1, y/v) as eluent. Crystallisation of 
the purified sterol yielded 200 ра of needles with a melting point 
of 220-220.5°C. The melting point of dinosterol has been 
reported’ to be 220-222 °С. 

The ‘Н NMR was measured on a Varian CFT-20 spec- 
trometer in CDCl. The spectrum of the Black Sea sterol was 
found to be identical with the one of dinosterol showing a vinyl 
proton at 64.96 (1H, q, J=1.1, 10 Hz) and vinylic methyl 
protons at 81:59 (J « 1.1)97. High resolution gas chromatog- 
raphy was performed on a Perkin Elmer 990 equipped with glass 
capillary column on two different: polymers (OV-101 and 
Carbowax high polymer). The retention times of the silylated 
derivatives of both sterols were identical on co-injection. 

These data demonstrate that the Black Sea sterol possesses a 
structure identical to that of the dinosterol, being. 4a-methyl- 
5а(Н)- 47-23,24-dimethyl-cholesten- 3B-ol. As dinosterol has 


M Мастгайет Iwernah I һа 1070 


126 


Intensity 























Nature Vol. 277 11 January 1979 


1500 














500 


Fig.2 Mass spectrum of the Black Sea sterol obtained by capillary GC-MS of the silylated sterol fraction. The A??-23,24-dimethyl unit in the 
side chain can be recognised in the mass spectrum by т*-71 and m*-71-90. A fragmentation process is postulated in view of literature data’: 


m/e 285(m* — 141) 








previously been encountered as the major sterol in some 
dinoflagellates only?, we assume that the abundance of this 
sterol in the extract of the sapropel layer of the Black Sea 
sediment reflects a relatively large contribution of dinoflagellate 
organic matter to this sediment. The remarkable richness in 
organic matter of the sapropel layer compared with the present 
marine deposits (Unit 1)* suggests periodic blooming of these 
algae in the brackish water ecosystem as the possible mechanism 
for organic matter supply, as otherwise similar conditions of 
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Fig. 3 Curie-point pyrolysis mass spectrum of homogenised 
Black Sea sapropel. Pyrolysis temperature: 610°C; ionisation 
voltage: 14 eV. 





preservation and allochthonous sediment influx for both sedi- 
ment types exist. 

To establish the relative contribution of organic matter from 
different sources, an analysis of the bulk composition of the 
organic matter by Curie point mass spectrometry was under- 
taken?. This relatively new technique has demonstrated its 
merits in the analysis of bacteria, fungal cell walls, humic 
substances and kerogen? "^. 

The pyrolysis mass spectrum of the sapropel (Fig. 3) shows the 
abundant occurrence of pyrolytic fragments typical of poly- 
saccharides such as m/e 32, 60, 72, 74, 82, 85, 96, 98, 102, 110, 
112, 114, 126 and 128; and to some extent aminosugar poly- 
mers such as m/e 95, 97, 109, 125, 137, 151. 

Pyrolytic fragments typical of proteins such as m/e 17, 34, 48, 
67, 92, 94, 108, 117, 131, and lignin such as m/e 94, 108, 124, 
138, 150, 152, 164 are very low or even absent ^". 

The pyrolysis fragments m/e 17, 34, 36, 38 and 48 are due to 
compounds such as ammonia, seasalt (HCl) and sulphur 
compounds (H;S and CH;SH). The intense H3S peak is usually 
encountered in sediments with active or fossil sulphur-reducing 
activity. 

As the thecal plates of dinoflagellates are mainly composed of 
polysaccharides?, we think that the bulk of the Black Sea 
sapropel is mainly built up from dinoflagellate remains. 

Contributions of bacterial organic matter previously based on 
the analysis of the sedimentary fatty acids'^, is now substan- 
tiated by the presence of aminosugar polymers, which make up 
the cell walls of bacteria. 

The Black Sea sapropel unit therefore should be considered as 
a dinoflagellate ooze, partly reworked by anaerobic bacteria. 

We thank Drs A. L. Burlingame and H. L. C. Meuzelaar for 
mass spectrometric facilities, also the Koninklijke Shell 
Exploratie en Produktie Laboratorium (Rijswijk, Z-H) (Shell) 
for donation of the Black Sea sample. 
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‘Elimination of natural scrapie 
in БЕ by sire genotype selection 


SCRAPIE, : a subacute neuromuscular disease of middle-aged, 


sheep, has been attributed variously to an infection or to here- 
dity'?. The clinical disorder follows progressive symmetrical 
decay of neurones. in localised brain sites, notably the hypo- 
thalamo-neurophysial and olivo-pontocerebellar ' systems' (ref. 
3), associated with a terminal axon dystrophy*? 
transmissible spongiform encephalopathic agent (TSEPA), or 

“glow virus’, to which many attribute the disease**"’, is com- 
monly present in diseased animals but its aetiological role 
remains unclear. Based on the clinical manifestation of natural 
scrapie, I have proposed that the disease is controlled by an 
autosomal recessive gene ^", This hypothesis allowed 
identification of the. three presumptive genotypes (ss, sS, SS), 
and precise prediction of attack rates! ^, amenable to quan- 
titative experimental verification. The evidence summarised 
here, which. has been compiled since 1958, provides strong 


support for my hypothesis. 


ae ыны (а жайа Е R & Cramer, А) 725-233 M 
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The data have been collected from stud sheep flocks, each of 
50-300 ewes, of 11 breeds in England and Scotland’*"*; a 25-yr 
continuous record of one breeder group of 15-20 flocks with 
2,500 ewes provides the principal data, which are supplemented 
by records of my own experimental flock of 250. Only 35-40% 
of the females and 1-2% of the males in the flocks have been 
kept past the age of 14 yr. Half of these survive to 44 yr and a few 
to 10 yr. Ten other breeder groups with 200 flocks have pro- 
vided data over shorter periods, to give records on some 40,000 
individuals. 

The diagnosis of scrapie was based on (1) clinical signs’, (2) 
the family and clan health history? (3) autopsy after 
euthanasia’, 3v) ‘blind’ histopathological assessment by light 
microscopy! with occasional use of electron microscopy" * 
and immunohistochemistry^? and (5) occasional assay for the 
TSEPA. Of about 3,000 affected animals, I have observed 2,100 


„and autopsied 1,900, of which 1,040 were examined histo- 


pathologically, with only two disagreements with the other 
criteria. 
“As. in our population, 85-90% of all cases of scrapie were 


* recognisable clinically by 44 yr of age’, I took this as the mini- 

. mum age for classification designated as follows. (1) ‘Black’: 
-affected, or if unaffected, with both parents affected, that is, of 
` presumptive homozygous recessive ss genotype; (2) ‘grey’: 


unaffected, but with one parent affected or with affected pro- 


: geny, that is, of presumed heterozygous recessive sS genotype; 


(3) *white': unaffected, with neither parent affected and with no 
affected progeny, that is, of probable homozygous dominant SS 
genotype, although a proportion, the progeny of grey х grey 
matings, will be heterozygotes; (4) ‘proven whites’: rams shown 
by test-mating to be free of the presumptive scrapie allele, that 
is, of ‘proven’ double-dominant genotype. The progeny genera- 
tions sired without interruption by ‘proven’ rams are designated 
F,W, Р.У and so on. Assuming the original Fo dams to be of the 
three genotypes in equal numbers, then the chance that an 
animal of the F;W-F,W generations carries the scrapie allele 
will be about 1 in 100, and of the FsW-F,W generations about 1 
in 1,000. 

Rams were test-mated with ‘black’ and ‘grey’ ewes to provide 
sufficient progeny for at least 10 offspring out of ‘black’ ewes or 
22 out of ‘grey’ ewes, or a suitable proportion of each dam 
category, to be observed for at least 44 yr. Assuming that only 
80% of potential cases of scrapie, the ss, manifest the disease by 
44 yr, as а more recent study indicates”, the probability that an 
allele-carrying ram in such a sire-progeny group will fail to 


. produce an offspring affected within 44 yr is <1%. A ram with 


no affécted progeny is assumed not to carry the scrapie allele and 
is a ‘proven white’. Of 105 rams tested in eight flocks, 59 had 
more than one affected progeny and were discarded; 46 had no 
affected progeny; of these, 18 have proved to be free of the allele 


. atalevel of P « 0. 01 or less, 3-to P <0. 05-0.01, 4 are now under 
'test, and for 17, the data are insufficient to provide ап assess- 





таи Scrapie among the progeny of affected and’ unaffected rams born in one flock at differént periods over 23 yr 


И b 
| 1966-73 


, Birth cohorts ' b E 1951-59 1958-59 

"Mean annual flock attack rate = 11.0% 1.4% 14.9% 
Sires : “+ 07 affected 8 affected 4 affected 1 allele-free 

ТО progeny. feminei teers life span өт) . 242/4.7 * 103/52 85/4.2 21/7.5 

: Total affected /affected жен unaffected at age 4} yr or 109/195 (56)* 2/71 (3) 45/71 (63) - 0/17 
- older - б ; i 

, Out of ‘black’ (ss) dams ` 53/56 (95) 1/2 (50) 21/22 (96) 0/104, 
Out of ‘grey’ (s$) dams 42/86 (49) 1/25+ (4) 18/35 (51) 0/744 
Out of ‘grey’/‘grey’ dams 14/39 (36) — 6/12 (50) ` — 
Ont of ‘white’ (SS) dams 0/148 (0) 0/44 (0) 0/2- (0) — 7 





-*'X, Affected with scrapie.” ` ' 
T Under-manifestation. wy 
V Two in cach group left affected progeny in the Fy generation. 


‚ $ Nine brains examined histologically and found free of lesions at age 
| Nine brains examined histologically and found free of lesions at аро 7— 


0028-0836/79/0277—0127$01 00 








10 yr. 


104 yr. 
5i brains examined histologically and found free of lesions at age 7-104 yr. D 
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ment, whereas іп 4 cases test-mating was abandoned for other 
unrelated reasons. The 18 ‘proven white’ rams were born and 
reared in 10 flocks, and were at stud in 3 flocks, which had 
scrapie present throughout the rams’ lives. Ewes from 15 flocks, 
some with scrapie and some not, have been sent to these rams for 
mating. 

This breeding programme confirmed three predictions of the 
genetic hypothesis” ^^, (1) That no progeny of a ‘proven white’ 
ram should develop scrapie under any natural circumstances. 
1,223 Progeny, 1,167 female and 56 male, of the 18 ‘proven 
white’ rams were born and reared to adults in 15 flocks. 825 
Females and 12 males were observed to 4i yr or older, many to 
7 yr, the oldest being 133 yr. No case of scrapie has occurred in 
these sheep, although all 15 flocks contained affected animals 
during some part of the observation period, 1958-78. Sixty- 
three progeny were out of dams affected during their gestation 
or suckling, or manifesting scrapie within 2 yr; 46 were observed 
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Table 2 Occurrence of scrapie by age 4} yr among the progeny of the 
nine reciprocal matings of the three presumptive scrapie genotypes 





No. of progeny 


Total 
No. Parents’ affected plus Affected with scrapie 
of genotypes unaffected 
sires ddx99 to 43 yr Observed Expected? 
a 
7 SS X SS 56 48 48 
ss X Ss 124 57 53 
11 Ss х ss 46 23 20 
Ss х Ss 106 18 22 
7 SS X ss 39 0 0 
SS x Ss 7 0 0 
SS x SS* 159 0 0 
b 
8 ss x SS* 156 0 0 
2 Ss x SS* 23 0 0 


* Presumed very low s allele frequency based on family, flock and 


breeder group records over 20 yr. 
+ Based on assumption of 85% of total manifestation completed by 


age 43 ут (ref, 2). 
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Fig.1 The scrapie attack rate in the 
females of one flock for the period 
1947-67 shown by annual birth 
cohorts in the curve (above) and 
according to the scrapie genotypes of 
their sires in the histogram (below). 
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to 44 yr or older, with 25 observed to 73 yr and some to 11 yr; no 
clinical signs of scrapie were observed. Eight of the oldest 
animals, which had lived continuously in contact with clinical 
scrapie, showed no microscopical evidence of scrapie or of the 
common nonspecific senile changes. Data on the progeny of the 
first ‘proven white’ ram, kept in a high incidence environment, 
are shown in Table 15. (2) That cases will reappear in the Е; 
backcrosses of ‘grey’ parents sired by ‘proven white’ rams. In the 
high incidence flock cited in Table 1, matings of two heterozy- 
gous F,W rams with known allele-carriers provided 21 progeny 
observed to 4i yr or older, of which five developed scrapie. (3) 
That consecutive top crosses of ‘proven rams’ should so reduce 
the scrapie-allele frequency that the disease will disappear. 308 
Females and 18 males of the F;W-F4W generations remain 
under observation and free of clinical scrapie. Figure 1 shows the 
gradual disappearance of scrapie from one severely affected 
flock following the retention of the progeny of ‘proven white’ 
rams. No case has occurred in the main flock since the 1968 
cohort, although two females retained for ram test-mating and 
six introduced stud rams were affected up to 1976. One F;W ram 
carried the allele, derived from an affected great-great-great- 
grandmother and passed 'silently without clinical illness 
through the intervening generations. In the breeder group, 
which has been using some 'proven white' rams and their sons 
since 1962, continuous data for 1953-78 are available in 13-18 
flocks with 1,900-2,900 flock ewes. The attack rate was 0.4% in 
1953-54, reached a peak of 3.2% (85 cases) in 1963-64, and 
then declined gradually to 0.596 in 1972-73, and 0.276 in 
1976-77, with no new cases in home-bred sheep since 1977. 

Figure 1 also shows that the recessive gene concept provided 
precise explanations of the variable occurrence of the disorder, 
given the genotypes of the dams. Table 1 amplifies this analysis 
during periods of high and low flock attack rates. The agreement 
with the mendelian predictions is very close. This is confirmed by 
the summary of the nine reciprocal matings shown in Table 2, 
thost in section a being from the flock in Fig. 1, and those in 
section b from three other flocks of the same breeder-group and 
free of scrapie since 1953. 

After a 20-yr breeding programme based on my genetic 
hypothesis, scrapie has disappeared in the breeder group as 
predicted. Although our affected sheep carried the scrapie 
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TSEPA, I doubt that it is ever communicable outside the 
laboratory. There is no good evidence for dissemination of the 
disease by a communicable agent'®'', by placental canni- 
balism'’, by vertical transmission from the dam"*, or through the 
action of a dominant susceptibility gene '???. I conclude that in 
the sheep population studied and probably in most farm sheep in 
Britain (1) natural scrapie is determined, primarily, by an 
autosomal recessive gene expressed fully in both sexes; (2) no F, 
progeny of a 'proven' allele-free ram will develop scrapie, 
whatever the scrapie status of its dam or its exposure to cases of 
the disease; (3) the scrapie attack rates among the nine progeny 
groups derived from the reciprocal crosses of the three parental 
genotypes will conform to the predictions of Mendel's law; (4) 
the practical control of the disease, and its elimination if desired, 
may be achieved by the use of allele-free rams and the retention 
of their progeny; (5) the dissemination of natural scrapie does 
not depend on a naturally communicable parasitic agent; and (6) 
the hypothesis most consistent with present evidence? 95-5 is 
that the scrapie TSEPA is formed de novo in each affected 
animal by the metabolic activity of the natural recessive gene ^'^, 
A more detailed account of this work will be published else- 
where*!. 

I thank Mrs E. Beck and Dr A. A. Vince for assistance with 
the histopathological assessment, and Dr G. J. Draper for help 
with the statistics. 
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In vitro transformation of cultured 
cells from Nicotiana tabacum 


by Agrobacterium tumefaciens 


CROWN GALL, the plant tumour of many dicotyledonous and 
some monocotyledonous species, is caused by Agrobacterium 
tumefaciens infection after wounding’. Crown gall cells, unlike 
cells derived from healthy plants, have the ability to proliferate 
indefinitely in culture without the growth hormones auxin and 
cytokinin”. The properties of the tumours, such as morphology 
(rough or smooth type) and the synthesis of the unusual amino- 
acid derivatives octopine or nopaline, are determined by the 
‘tumour-inducing (TI) plasmid present in the virulent bacterial 
strains^*. The presence of at least a part of the plasmid has been 
demonstrated in the DNA of the tumour cultures*. Trans- 
cription of this fragment was also demonstrated in the cells of the 
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Fig. 1 Electropherogram of the products present in the reaction 
mixture prepared to detect LpDH activity in extracts of different 
transformed calli and shoots. The enzyme activity was assayed 
according to Otten'*. a Channels, reaction mixture at г= 0; b 
channels, reaction mixture at г = 60 min; 1, N. tabacum SR, shoot 
{control}, 2, SR,-4013-1 shoot; 3, SR,-4013-3 shoot; 4, SR,- 
4013-28 shoot; 5, SR,-4013-1 callus; 5, SR,-4013-3 callus; 7, 
SR,-401328 callus; 8, BS, crown gall tumour callus (control). 


tumour tissues" ^. These findings seem to confirm the involve- 
ment of the TI plasmid in crown gall disease. However, it is not 
known if introduction of the TI plasmid alone into the plant cells 
is sufficient to obtain transformation of healthy plant cells into 
tumour cells. A fundamental approach to this question involves 
the development of an in vitro transformation system which can 
use TI plasmids of A. rumefaciens as vectors of genetic material 
in experiments to modify the genetic irformation of plants. We 
report here the transformation of tcbacco cells by virulent 
strains of A. tumefaciens, the isolatior and characterisation of 





Table i Number oí colonies in hormone-free medium after incubation 
of SR, cells with different strains af Agrobacterium 





plates No. of Frequency 
Bacterial strain seeded colonies (approximate) 
LBA 4001 (p) 4 é 1х107* 
LBA 4013 (p) 9 34 $x107* 
LBA 4011 (c) 6 — = 
LBA 305 (p) 6 i 15x105 
LBA 301 {np} 6 — v 


Hu 





To obtain SR, cells, protoplasts were isolated? from sterile shoots 
and cultured in Ку medium?!” supplemented with naphthalene acetic 
acid (0.1 mg 1^!) and kinetin (0.2 mg1”'}’*. The protoplasts were first 
kept in the dark for 24 h followed by 48 h at 2,000 Ix. The cells were 
mixed with bacteria in a concentration of 10° cells per ml and 107 
bacteria рег ml. They were incubated at 20 ^C for 32 h in Ку medium. 
The light intensity during this incubation anc all further treatments was 
2,000 Ix. After incubation free bacteria were removed by repeated 
washing and the tobacco cells {10° per ml) were cultured in Ka medium 
supplemented with vancomycin (250 mg 1^, carbenicillin (200 mgl 
and streptomycin (200 mg 1^). Three weeks later the colonies were 
collected by centrifugation, washed with hormone-free medium, and 
plated in Petri dishes (10 cm) into hormone-free Кз medium solidified 
with 0.5% agar. The concentration was approximately 10° colonies per 
plate. This solid medium contained the same antibiotics as the previous 
liquid medium, plus erythromycin (200 mg I^ '). Bacterial strains: LBA 
4001, wild type A. tumefaciens Ach 5; LBA 4013, mutant of Ach 5 with 
a TI plasmid that is derepressed for transfer and constitutive for the 
octopine enzyme; LBA 4011, an avirulent derivative of Ach 5, cured of 
TI plasmid by growth at 37 °C, rifampicin resistant; LBA 301, wild type 
A. radiobacter S1005, non-pathogenic; LBA 305, $1005, converted toa 
pathogen by the introduction of a B6 octopine TI plasmid. p, Pathogen, 
carrying TI-piasmid; c, plasmid free, non-pathogen: np, non-pathogen. 
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transformed calli and the regeneration of shoots with a distinct 
tumour marker. 

Preliminary studies with mixed populations of healthy 
tobacco cells and B.S; crown gall tumour cells were carried out 
to define optimal conditions for recovery of transformed cells. 
These experiments were based on the properties of the tumour 
cells, such as hormone-independent growth and the synthesis of 
octopine, and on the properties of the Nicotiana tabacum SR, 
cells, such as hormone-dependent growth, streptomycin resis- 
tance and formation of green colonies in culture medium. It was 
found that protoplasts, cells or colonies of B.S; cells were able to 
grow in hormone-free medium whereas those obtained from the 
SR, plants could not grow in these conditions. 

SR, protoplasts were isolated from leaves of sterile shoots and 
cultured for 3 d in medium with hormones. During this period 
the protoplasts regenerated new cell walls and a few underwent 
the first cell division. 

The bacterial strains used were the virulent strains LBA 4013, 
LBA 4001 and LBA 305, and the non-virulent strains LBA 
4011 and LBA 301; the strains are specified in the legend to 
Table 1. For transformation, the SR, cells were mixed with 
bacteria and incubated for 32 h. During this incubation, aggre- 
gation of cells and bacteria was observed. Cells aggregated 
within a few hours when LBA 4013 bacteria were present, 
whereas aggregation in the presence of LBA 4001 or LBA 4011 
was observed only after at least 5 h. Incubation with LBA 305 
and LBA 301 resulted in a slight aggregation that was observed 
only after 24 h. After incubation, the cells were washed and 
cultured in liquid medium supplemented with hormones, 
followed by subculture in solid medium without hormones. This 
selective medium allowed only hormone-independent cells to 
grow. Colonies, which were scored after a culture period of 7 
weeks (Table 1), were only observed when SR, cells were 
incubated with virulent strains of A. tumefaciens and not in 
control plates when SR, cells were incubated with A. tume- 
faciens strains not containing the TI plasmid either after curing 
or as an original non-pathogenic isolate. 

Colonies were isolated and subcultured for further growth 
and characterisation on selective and non-selective medium, 
their properties are listed in Table 2. Most of the SR;-4013 calli 
retained the ability to proliferate hormone independently after 
subsequent passages on hormone-free medium. Some of these 
calli demonstrated lysopine dehydrogenase (LpDH) activity 
whereas others did not. It is obvious that the group of calli which 
are hormone independent and LpDH positive is the most 
conspicuous, because it contains the highest number of calli in 
which the two tumour markers are observed. Another interes- 
ting callus is the SR,-4013-5, which apparently lost its ability to 
proliferate hormone independently even though LpDH activity 
was present. 
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Fig. 2 Five-months-old differentiating SR,-4013-1 callus 

obtained after incubation of SR, cells with A. tumefaciens LBA 

4013. The callus was isolated from K4 medium without hormones 

and cultured for 6 passages in LS medium without hormones, 
solidified with 0.8% agar at 2,000 Ix. 


Before comparing the tumorous calli obtained from these in 
vitro transformation experiments with calli obtained in vivo 
after wounding and infection of plants with the same virulent 
bacterial strains, it is worth mentioning that the in vivo calli, 
which we have isolated with the LBA 4013, always contain both 
tumour markers. These calli have been cloned and subcultured 
for more than 2 yr during which time no reversion to hormone 
dependence or LpDH deficiency has been observed. This 
indicates that the loss of tumour markers in callus tissues is a 
specific phenomenon for those tumours obtained after in vitro 
transformation. Similar observations, concerning the separation 
of these tumour markers in callus cultures, have not been 
published before. 

The most likely explanation for the observation that during 
subculture not all the hormone-independent calli contained 
LpDH activity and for the detection of enzyme activity in 
hormone-dependent calli is segregation of genes coding for 
these different properties of the tumour cells. This phenomenon 
is now being investigated by experiments involving the isolation 
of TI DNA from the calli and its characterisation using the 
Southern blot procedure?. A correlation between the presence 
of certain parts of the TI DNA and the expression of certain 
tumour markers has recently been found in im vivo trans- 
formation experiments by the isolation of virulent plasmid 
deletion mutants of A. tumefaciens which have lost the property 
to establish octopine synthesis in tumours which they 
induce'*?°, 

Although most calli were isolated after incubation with the 
LBA 4013 strain, Tables 1 and 2 show that four calli originated 
from the use of LBA 4001 and one callus from the LBA 305. 
From control experiments, in which the non-virulent strains 
LBA 4011 and LBA 301 were used, no colonies have been 
isolated (Table 1). The four SR,-4001 calli did not have LpDH 
activity; two of them even lost their hormone-independent 
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Table 2 Characterisation of cell strains obtained after incubation of SR, cells with pathogenic strain of Agrobacterium 








Growth 
Cell-bacterium Streptomycin without LpDH 
combination Callus no. resistance hormones activity Regeneration 
SR,-4013 1; 3,22 + + + + 
4; 10; 13; 14; 15 
17; 18; 19; 20; 
21;23; 24; 25; + + + = 
26; 29; 30; 31; 
33; 34 
11; 28 + + = + 
6; 7; 32 + + = s 
16 = + Ж p 
5 + - + ~ 
2;8;9;12;27 + = = * 
SR,-4001 1;2 * + E = 
3:4 + = = = 
SR,-305 1 + i ж Е 


Colonies were isolated and subcultured іп hormone-free LS medium". Their streptomycin resistance was tested by culturing them in LS medium 
with hormones and streptomycin (1 mg ml^!). The media were solidified with 0.5% agar. The light intensity was 2,000 Ix. 
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character. The SR,-305 callus seemed to be hormone indepen- 
dent and negative for LpDH activity. Calli which were both 
hormone dependent and LpDH negative were recovered after 
incubation with the LBA 4013 and the LBA 4001 bacterial 
strains. Although tumour markers can no longer be detected in 
these calli after four passages, they were isolated as hormone- 
independent colonies and obtained from the selective medium 
from those cultures of cells incubated with virulent bacterial 
strains. 

Our results suggest that the calli in which tumour markers 
were no longer detectable after four passages have lost their 
transformed character by loss of the tumour-determining genes 
during subsequent cell divisions. The significance of these calli is 
also being studied. 

The different numbers of transformed colonies observed by 
using the three virulent bacterial strains (Table 1) indicate a high 
efficiency of transformation by the LBA 4013, as compared with 
the LBA 4001 and the LBA 305 strains. This might be related to 
the ability of the LBA 4013 to transmit the TI plasmid to other 
bacteria іп a high frequency". Further experiments will show 
whether these differences are statistically significant. 

The colour of the calli varied from white to green (results not 
shown), but a positive correlation between colour and the other 
phenotypic traits could not be established. The same is true of 
the capacity to produce shoots (Table 2). These arose on two 
LpDH-negative calli, whereas three LpDH-positive calli could 
also regenerate shoots. These shoots were also LpDH positive 
(Fig. 1). Figure 2 shows one of the LpDH-positive calli with the 
shoots. The morphology of the LpDH-positive shoots differs 
from normal SR, shoots in that the transformed shoots show an 
extensive lateral shoot formation and almost no size growth. The 
stems and the leaves are relatively thick, and there is almost no 
apical dominance. Roots cannot be induced. Regeneration in 
the way described for the in vitro transformed SR, calli has not 
been observed on tumorous calli obtained after in vivo trans- 
formation of shoots of N. tabacum. 

Extension of the observations presented here, using purified 
TI-plasmid DNA as the transforming vehicle, is now being 
carried out. Preliminary results from these experiments indicate 
that TI DNA alone is sufficient for tumour induction in cultured 
plant cells. The successful transformation of individual plant 
cells by A. tumefaciens, its regeneration into shoots in which 
tumour markers are expressed, and the possibility of isolating 
new bacterial strains containing recombinant TI plasmids’’ 
provide new tools for the introduction of foreign genetic 
information into plant species. 

We thank Dr P. M. Klapwijk for selecting the appropriate 
bacterial strains, Dr L. A. B. M. Otten for help with the LpDH 
activity assay and Dr J. Semancik for critical reading of the 
manuscript. L. M. was a fellow of the International Agricultural 
Center. 
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Rat x rat hybrid myelomas 
and a monoclonal 
anti-Fd portion of mouse IgG 


MONOCLONAL antibodies can be produced by cultures of 
permanent cell lines derived by fusion of suitable myelomas with 
spleen cells from immunised animals’. So far, mainly two mouse 
myelomas, X63-Ag8 and NSI/1-Ag4.1, have been used for this 
purpose'?. When cells from immunised mice are used in the 
fusion, the mouse X mouse hybrid myelomas can be grown as 
tumours in appropriate mouse strains. We describe here the 
preparation and use of a new clone of a rat myeloma, which is 
suitable for the derivation of rat х rat hybrid myelomas produc- 
ing specific rat antibodies. The spent medium of hybrid myeloma 
cultures usually contains 1-20 pg ml”! antibody. The serum and 
ascites of the tumour-bearing mice, with few exceptions, yield 
1-20 mg ті! of antibody, which is 1,000 times more concen- 
trated and very convenient for larger preparations. 

There are several reasons for preferring rats to mice for the 
production of monoclonal antibodies. The yield of serum and 
ascitic fluid is about 10 times better in tumour-bearing rats than 
mice, an overwhelming economic acvantage in large scale 
production. Although there is a marginal increase in the 
generation time (10 weeks in the rat and 8 in the mouse) the rat 
litters are usually large. The derivation of hybrid myelomas 
using cells from immunised rats is a very successful procedure 
for deriving rat alloantibodies or anti-mouse xenoantibodies ^, 
but because the derived lines are of mouse х rat origin the 
growth of tumours in vivo in either rats or mice requires rather 
elaborate procedures or special strains. Clearly, rat x rat fusion 
would be advantageous for making xenogeneic anti-mouse and 
allogeneic anti-rat antibodies, as well as others, where large 
scale production is anticipated. This requires a suitable parental 
rat myeloma line. 

Myeloma tumours in the Lou strain of rats have been avail- 
able for some time*. One of them, R210, has been grown in 
culture and an azaguanine resistant mutant (210. RCY3. Ag1) 
prepared. It secretes « chains and was used in the first successful 
fusion between two myelomas®. When tested for its ability to 
fuse to normal or immunised rat spleens it gave disappointing 
results. It was twice subcloned in soft agar and the clone finally 
selected for further study was called Y3-Ag1.2.3. It gave no 
revertants when batches of 10’ cells were tested. Fusion 
efficiencies were at first disappointing and the line was grown 
continuously in a spinner flask and tested for fusion efficiency at 


Table1 Species specificity cf YA2/40 





Serum dilution giving 


Species 50% inhibition 
Mouse 1:10,000 
Guinea pig 1:2,000 
Rabbit 1.40 
Horse >1:10* 
Human 21:10* 
Rat > 1:0* 


Inhibition of PHIYA2/40 binding to Sp2 coated SRBC was as 
described in Fig. 2. 
* No inhibition detected at 1:10. 
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Fig. 1 Analysis of Ig secreted by the rat hybrid myeloma clone 
YA2/40 H(LK). Cells were incubated for 24 h with V C.lysine and 
supernatants were analysed? by SDS-polyacrylamide (10%) gel 
electrophoresis after total reduction. Y refers to Y3-Agi.2.3 
(control); H to Y2/40 H(LK) clone. DA rats were immunised by 
five footpad injections at 3-week intervals with 100 pg of mouse 
IgG in complete Freund's adjuvant and boosted by intravenous 
injection without adjuvant 4 days before fusion. Supernatants were 
tested 13-15 days after fusion by indirect haemagglutination as 
follows: 2.5 x 10° SRBC were coated by incubation for 1 h at room 
temperature with 5 ml of culture supernatants of anti-SRBC 
hybrid myelomas? minimally diluted to avoid agglutination. They 
were centrifuged and the pellet resuspended in 2.5 ml of phos- 
phate-buffered saline (PBS). Aliquots of 25 yl were distributed in 
V-bottom microtitre trays and 25 ul of supernatangadded to each 
well. After 1 h incubation the plate was centrifuged at 200g for 4 
min and then kept in a 45? slope for 30-60 min. Culture YA2/40 
was selected in this way and cloned twice in soft agar. 


different times. The first successful fusion Mas obtained after 5 
months of continuous growth. Using about 5 x 107 ҮЗ cells and 
10? spleen cells the fusion efficiency has improved to a stage 
where it is comparable to the mouse lines. The Y3 rat cells and 
their hybrid derivatives are much smaller in appearance than the 
mouse X63-Ag8 cells. Early stages of hybrid growth are less 
obvious under the microscope. Y3 cells grow very wellon DMM 
supplemented with 5% or less fetal calf serum and the clonabil- 
ity in soft agar is very good. The line and the hybrids derived 
from it give rise to rather diffuse clones, instead of the tight ones 
given by mouse x mouse hybrids. 

Our first successful derivation of a rat monoclonal antibody by 
fusion of Y3-Ag1.2.3 was with spleen cells from a DA strain rat 
which had been hyperimmunised with mouse IgG (see Fig. 1 
legend). The fusion protocol used polyethylene glycol 1500 as 
previously described?. The hybrid culture was divided into 48 
subcultures. In this experiment only 6 showed hybrid growth. 
The spent medium of the hybrid cultures was tested by indirect 
haemagglutination of sheep red blood cells (SRBC) which had 
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been sensitised with different mouse monoclonal antibodies 
specific for SRBC’. One hybrid was clearly positive when the 
SRBC were coated with Sp3 (an IgG1) but negative when coated 
with Sp2 (an IgG2b) ог 8р1 (IgM). The positive hybrid was 
subsequently cloned in soft agar and 8 individual clones were 
selected. All were found to be positive by the same test. The 
antibody secreted by each clone was internally labelled with 
'"C.|ysine and analysed by SDS-polyacrylamide gel electro- 
phoresis and isoelectric focusing (Fig. 1) (data not shown). All 
appeared to be identical, revealing a heavy chain band of about 
50,000 MW and a single band present in the light chain zone. 
We were not able to demonstrate the presence of the two 
expected light chains (the myeloma parental and the antibody 
specific light chains). It is quite possible that both have very 
similar mobilities. Three of the above clones were cloned again 
to ensure purity and increase stability. One of these subclones 
was named YA2/40 H(LK) and used in all the experiments 
described below. 

Binding of internally labelled [?H-Lys]YA2/40 to cells 
coated with different classes of anti-SRBC antibody showed that 
Y A2/40 recognised mouse IgG but not IgM. Binding to Spl 
(IgM) coated cells gave the same value as the background 
binding to uncoated cells. Binding to Sp3 (IgG1) and Sp2 (1gG2) 
coated cells was 4.9 and 35 times background respectively, a 
difference which correlates with the number of antigenic sites 
recognised by Sp2 and Sp3 (the number of antigenic sites 
recognised by Spl is intermediate between Sp2 and 5р3; C. D. 
Wilde, A. Williams and C. M., unpublished). The failure of 
YA2/40 to agglutinate Sp2 coated red cells although it agglu- 
tinated Sp3 coated cells (see above) remains unexplained. 

Coating with Sp2 gives a sensitive procedure to assay for 
binding of PH]YA2/40, and further specificity studies were 
done by inhibition of this binding. These studies confirmed that 
YA2/40 recognised individual proteins of both y1 and y2 
subclasses of IgG (Fig. 2a). Inhibition by an IgM was at least 
50-fold less effective. At high concentrations of protein some 
inhibition was observed, probably because of IgG impurities in 
the preparation. The antigenic determinant in the 1861 is 
located in the Fd region for the following reasons. The inhibition 
of binding by MOPC 21 isequally effective with its variant IF1 (a 
mutant lacking the CH3 domain’) and with the F(ab’), fragment 
of МОРС 21 which lacks the CH2 and CH3 domains’. In both 
cases the inhibitory titre on a molar basis was similar to the intact 
protein and slightly higher on a per weight basis (Fig. 25). Onthe 
other hand the IF2 mutant protein (which lacks the CH1 
domain) was a very poor inhibitor. The residual inhibition is 
probably due to a trace of IgG present in the IF2 purified from 
serum of tumour-bearing mice which can be detected by SDS- 
polyacrylamide gel electrophoresis. No intact H-chain was 
present in the F(ab’), while a trace impurity of 50,000 MW 
component was detected in the IF2 preparation (data not 
shown). 

As regards species specificity Y A2/40 seems to be completely 
negative towards human, horse or rat, but shows some degree of 
cross-reaction to rabbit serum. On the other hand it is inhibited 
quite effectively by guinea pig serum. This pattern of cross- 





Table2 Preferential fixation of the hybrid immunoglobulin secretion 
phenotype following fusion with the rat myeloma line Y3-Agl.2.3 





No. of cultures* 96 
Cultures showing growth of hybrids 17 
Secretion of Y3-like light chain (only 12 tested)? 11 
Secretion of Ig chains different from ҮЗ? 11 
Secretion of Y3 light chain in the absence of Ig chains 1 





* Y3-Ag1.2.3 cells were fused to spleen cells from an immunised 
donor (DA rat immunised with cells from an AO rat). The culture was 
divided into 96 wells and allowed to grow for 4 weeks in selective 
medium. 

t Tested by SDS-polyacrylamide gel electrophoresis of secreted 
products. Five of the cultures had insufficient numbers of cells for a 
meaningful test. 
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Fig. 2 Inhibition of YA2/40 binding to IgG coated cells by other 
immunoglobulins. 1.2 10° SRBC coated with Sp2/HL (IgG2b 
anti-SRBC) in 10 pl of PBS were distributed in U-shaped micro- 
titre plates. After addition of 20 pl of inhibitor protein solution and 
10 pl of *H-lysine-labelled YA2/40 (170,000 in a, 85,000 c.p.m. 
in Б) and incubation at 4° C for 1h, the cells were washed three 
times with cold PBS, the pellet lysed with 50 ш of Н.О and 
transferred to a scintillation vial. Counting was in 2 ml of scintillant 
(5 g PPO, 0.2 g POPOP, 540 g Triton X-100 and toluene to 1 | final 
volume). All proteins* were purified from serum by (NH4):SO, 
precipitation and DEAE chromatography. F(ab’), fragment was 
prepared as before’ and purified by Sephadex G-100 ultrafiltra- 
tion. Internally labelled YA2/40 protein was prepared as follows: 
5x 10° YA2/40 НІК) cells were incubated in 5 ml of lysine-free 
medium containing 0.2 mCi ml"! *H-lysine; after 8 h incubation at 
37 °С, 5 х 105 more cells were added and the incubation continued 
for another 12 h. The supernatant was collected and dialysed three 
times against 0.5 1 of PBS. 
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reactivity indicates that the antigenic determinant involves a 
similarity of local structures in guinea pig and the different 
mouse subclasses which, however, differ completely from the 
human, horse and rat. A close inspection of the sequences of the 
CH1 of mouse y1 (ref. 9), mouse y2a (ref. 10), guinea pig y2 
(ref. 11), rabbit’? and man y1 (ref. 13) reveals few examples of 
such a pattern of sequence similarity. The most interesting 
sequence involves residues 209 (Ser in mouse and guinea pig, 
Asn in human), 206 (Pro or Ala in mouse and guinea pig, Lys in 
human) and 204 (Ala in mouse and guinea pig, Asn in human). 
This is a cluster of residues in an exposed corner near the V-C 
domains boundary in the tertiary structure of the Fab!^. It is 
important to keep in mind that structures in Fab other than CH1 
could be involved in the antigenic recoguition, the deletion of 
CH1 having a general effect on the tertiary structure of the Fab. 
Elucidation of the rat and horse sequences could throw further 
light on the precise nature of YA2/40 determinant. YA2/40 
H(LK) cells grow as solid tumours in F1 (Lou X DA) rats and the 
serum of the tumour-bearing rats contains 10-15 mg ml! IgG 
as measured by radial immunodiffusion, giving rise to a prom- 
inant myeloma band component in cellulose acetate electro- 
pboresis. The tumour could also be grown as an ascitic tumour. 
This was achieved by an intraperitoneal injection of 0.5 ml of 
pristane about 2 weeks before the intraperitoneal injection of 
5x10" cells (P. Wright, unpublished). 

In a subsequent experiment, hybrids obtained from this line 
fused with spleen cells of an immunised rat were analysed by 
their ability to secrete Ig different from the myeloma parent. 
This was done by SDS-polyacrylamide gel electrophoretic 
analysis of the secreted products. Out of 12 cultures tested (all 
probably monoclonal) 11 secreted Ig chains and only 1 failed to 
secrete chains different from the myeloma parent. So, well over 
6096 of the tested cultures (and even of total number of growing 
cultures) secreted new immunoglobulin. This value is even 
higher than that obtained for the mouse system? and is in line 
with the hypothesis that the fusion between a myeloma cell and 
the heterogeneous population of cells present in the spleen is a 
highly selective event which favours the rescue of active anti- 
body secreting phenotype. In a wider context it indicates that for 
the recovery of a transient differentiated function in the form of 
an immortal cell line, it is best to use a fusing parental cell which 
is phenotypically close to the normal phenotype one attempts to 
immortalise. 

In conclusion, 210RCY3-Agi.2.3 is a myeloma cell line 
suitable for the derivation of ratxrat hybrid myelomas. This 
seems a better alternative than the mouse x mouse hybrids for 
large scale production of monoclonal antibodies of potential 
general use in research, medicine and industry. The anti-mouse 
IgG monoclonal antibody described here is an example of such 
hybrids. 

G.G. was supported by a Wellcome Trust fellowship. We 
thank J. M. Jarvis, P. Wright and P. Gregory for assistance. 
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Continuous cell lines 
with specific killer T-cell activity 


THE establishment of continuous cell lines with effector T-cell 
activity is an obvious starting point in the isolation and charac- 
terisation of the T-cell receptor complex. Although nature 
provided the plasmacytomas which played a key part in eluci- 
dating B-cell immunoglobulin structure, there are no known 
examples of naturally occurring lymphomas with effector T-cell 
activity. Initial success with fusions between plasma celis and 
- plasmacytomas encouraged extrapolation of this technique to T 
cells and thymic lymphomas’, but few promising results have so 
far been obtained. We have approached this problem by using 
the carcinogenic properties of mutagens to transform T 
lymphocytes responding їй mixed lymphocyte culture (МІС), 
with the aim of isolating celllines with killer T-cell activity: Here 
we report our success in the first step of isolating continuous, 
though antigen-dependerit, killer T-cell lines. 

We started with C.B20 (H-2* BALB/c, Ig-1^ congeneic) 
mouse spleen cells responding to irradiated (3,000 R) C57BL/6 
(H-25) spleen cells, in culture conditions described by McDon- 
ald?; 7 d after the second in vitro boost, cells were mutagenised 
(1 h) with (2 ug ml!) nitrosoguanidine. Mutagenised cells were 
restimulated twice more, then seeded at 10, 10° or 10° cells per 
well in Falcon Micro Test II tissue culture plates and cultured 
with 10° irradiated C57BL/6 spleen cells per well which also 
served as a feeder layer. Individual wells were scored for growth, 
and killing capacity was tested by adding 5x10° of HAT 
(hypoxanthine, aminopterin, thymidine)-sensitive *' Cr-labelled 
EL4.BU target cells (addition of HAT medium after assay killed 
all remaining ELA cells leaving HAT-resistant MLC cells to 
grow). Although some wells had high killing activity, these wells 
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did not show good growth. There were 3 of 384 wells positive for 
growth from the 10-cell per well plates and 1 of 384 positive 
from the 10?-cell per well plates. The four isolates were expan- 
ded by weekly stimulation with irradiated CS7BL/6 spleen cells 
and tested for growth requirements as well as killer activity. 
Each isolate contained only Thy 1.2-positive cells as tested by 
anti-Thy 1.2 and complement lysis (data not shown). 

As shown in Fig. 1, the four isolates have different killer-cell 
activities. The isolates 100.1 and 10.3 show typical H-2D” and 
H-2K°-specific killing, respectively. Isolate 10.2 killed only in 
the presence of concanavalin A (Con A) or after Con A stimula- 
tion, and isolate 10.1 killed only EL4 and not C57BL/6 lipo- 
polysaccharide blast targets. The specificity of killing exactly 
parálleled that of growth stimulation; for example, 10.3, which 
killed B10.A (5 R) (КРЮ) but not B10.HTG (К°) was stimu- 
lated to grow with B10.A (5 R) but not B10.HTG. Isolates 10.2 
and 10.1 were tested for growth with C57BL/6, B10.HTG and 
B10.A (5 R) uradiated spleen. The results show that 10.1 was 
specifically stimulated by B10.A (5 R) H-2K* (Fig. 2), although 
killing activity waned over the 150-d test period (Fig. 1). Isolate 
10.2 showed a differential growth response, as C57BL/6 stimu- 
lated better than B10.A (5 R), and B10.HTG gave virtually no 
growth. The complex growth and killing properties of 10.2 have 
been studied in some detail without revealing any simple 
explanation; however, this isolate may well provide new insights 
on Con A-dependent killing. We found that 10.2, stimulated 
with Соп A for 2 d then washed in medium containing a-methyl- 
D-mannoside, killed EL4 but not P815 (H-2?) targets. The 
isolate 10.2 could not be maintained in culture with either Con 
Aor Con A-supernatant as stimulants, as indeed was true of all 
other isolates. The cytolytic efficiency of these different isolates 
varied from near normal MLC values (for example, 100.1) to 
zero (such as 150-d 10.1), suggesting that either the populations 
have different intrinsic killing efficiencies, or both active and 
inactive killers exist in the same population. When the isolates 


Fig. 1 Cytotoxic activi- 
ties of four cloned isolates 
of T cells obtained from a 
C.B20  (H-29) anti- 
C57BL/6 (H-25 one- 
way MLC after multiple 
stimulation and muta- 
genesis a, Isolate 100.1; 
b, isolate 10.3; c, isolate 
10.2, d, isolate 10.1. 
Target cells labelled with 
?!Cr were ELA (8), P815 
(Г]) and 2 ug mI! Con-A 
blasted spleen cells from 
the  congeneic mouse 
stains C57BL/6  (H- 
2K*-D* (V) B10.A 
(5R) (H-2K*-D5 (О) 
and B10.HTG (H-2K$- 
100 D^ (x) Cytotomcity 
as assays were carried out in 
flat-bottomed microtitre 

125 plates (Falcon 3040) in a 
total volume of 03ml 

with 10% *'Cr-labelled 
target cells and varying 
numbers of clone effector 

cells. The amount of Сг 
released during Sh 
incubation at 37°C was 
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according to the formula. [(experimental c.p.m. — spontaneous c.p.m.)/(total c.p.m. —spontaneous с.р.т.)]100 In experiments using tumour cell 
and Con A blast targets, spontaneous release was lees than 10% and 25-35%, respectively. Isolate 10.2 (c) was assayed iir the presence (- — —-—) 
or absence (——) of 10 ug ml ! Con A m the cytotoxic test. In one experiment 10.2 cells were cultured ın the presence of 2 pg ml Con A for , 
48 h, then washed and incubated in 0.2 M a-methyl-D-mannoside for a further 2 h before testing in the cytotoxicity assay ( seere ). Isolate 10.1 (d) | 
was assayed periodically over 154-d, the numbers indicating the time in days. А 
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Fig.2 Isolates 10.1 (a) and 10.2 (b) were stimulated with 3,000 R 
irradiated spleen cells from C57BL/6 (6), B10.A (SR) (О), 
B10.HTG (x) and C.B20 (V). In all experiments cells were grown 
in Dulbecco modified Eagle's medium supplemented with 
10% fetal calf serum, 5x 107? 2-mercaptosthanol, 8x10 ^M 
glutamine and non-cesential amino acids. In the primary MLC, 
2.5x10 7 C.B20 spleen cells were mixed with 2.5 x 107 irradiated 
C57BL/6 spleen celis in 20 mi medium in Falcon fiasks (3012) and 
incubated for 11 d in flasks standing upright. Subsequent stimula- 
tions, whether in flasks, Micro wells or Linbro wells were done at a 
- concentration of about 4 x 10‘ stimulator cells mm ? tissue culture 
surface and 0.01 of the number of responder cells (except in the 
cloning procedure where the number of responding cells varied). 
All cultures were incubated at 37°C with an atmosphere of 15% 
2 СО» in air. 


are recloned it will be possible to distinguish these possibilities 
although our guess would be that low killing efficiency is more 
conducive to long-term survival of these cells in culture as 
exemplified by isolates 10.2 and 10.1. 

Previous reports from other laboratories have shown that 
MLC cells can be maintained for long periods’, and in one case 
killer cells were ‘cloned’ in agar’. The use of soft agar to clone 
MLC cells was possible because cells.could be maintained by 
Con A-supernatant stimulants, whereas in our case MLC cells 
require cellular stimulants and cannot be seeded in soft agar. 
The isolates we have obtained after growing MLC cells at 
limiting dilution are certainly clonal with respect to both the 
minimal growth unit and specificity; however, it is still impossi- 
ble to conclude rigorously that a growth unit is in fact a single 
T-killer cell. Work is in progress to further mutagenise the 
isolates for the selection of antigen-independent killer T cells 
which can be formally cloned and studied as a homogeneous 
population of effector T cells. Recently, we have been able to use 
a more efficient carcinogenesis technique (developed by P. 
Patek and J. Collins, personal communication), which is based 
on continuous exposure of cultures to methylcholanthrene. 

The ability to clone MLC responses seems to depend on prior 
mutagenesis, and with the techniques described here it is rela- 
tively straightforward to isolate growing clones of effector T 
killers. Further experiments are in progress to test if these 
killer-cell clones can act as abnormal suppressor cells in the 
system recently described by Epstein and Cohn‘. 

We thank Dr Melvin Cohn for his support and interest in this 
work, and Ms M. Fairhurst for technical assistance. This work 
was supported in part by grants to Dr M. Cohn from the CI (R01 
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Effects of S-lactoylglutathione and 
inhibitors of glyoxalase I on 
histaminerelease from humanleukocytes 


THE enzyme responsible for the conversion of methylglyoxal to 
lactic acid by animal tissues was first named glyoxalase ^, It was 
later shown that there are two glyoxalase enzymes’. The first 
(glyoxalase I) converts methylglyoxal and reduced glutathione 
to S-lactoylglutathione and the second (glyoxalase II) converts 
this compound to D-lactic acid, regenerating glutathione in the 
process. These enzymes are very widely distributed and as yet 
have no clearly defined function(s) I describe here the 
enhancement of anti-IgE-induced histamine release by S- 
lactoylglutathione and its inhibition by an inhibitor of and an 


' alternative substrate for glyoxalase I. These two compounds 


should, of course, decrease the production of endogenous $- 
lactoylglutathione. These experiments were undertaken for two 
reasons. First, a study from my laboratory has provided evidence 
that S-lactoylglutathione modulates microtubule assembly ín 
vitro while the release of histamine from leukocytes is a 
secretory process thought to require an intact microtubule 
system". Second, concanavalin A has been shown to cause 
histamine release from human leukocytes"? and has also been 
found to activate the two glyoxalase enzymes in lymphocytes 
and polymorphonuclear leukocytes!?. 

Leukocytes prepared from the blood of normal donors by 
dextran sedimentation as previously described’! were subjected 
to hypotonic lysis (18 ml of ice-cold distilled water for 20s 
followed by 2 ml of 9% NaCl) to remove contaminating red 
blood cells. They were incubated with anti-IgE and other 
compounds for 45 min at 37°C in a balanced salt solution 
consisting of (mM): NaCl, 110; KCl, 5.0; CaCl}, 0.6; MgCh, 
1.0; and PIPES buffer, 25 mM, adjusted to pH 7.3 with 40 mM 
sodium hydroxide. At the end of the incubation period the cells 
were centrifuged at 1,000g for 90 s and histamine released into 
the medium was determined using an automated extraction 
procedure’?, 

The effects of S-lactoylglutathione on histamine release 
induced by two different levels of anti-IgE from the cells of 
normal non-atopic donors are shown in Fig. 1. The dose— 
response curve to anti-IgE is bell-shaped’ with maximum 
release varying from zero to approximately 60 or 7096 depend- 
ing on the individual from whom the cells are taken. The lower 
of the two anti-IgE concentrations studied is below that required 
for optimum release while the higher concentration is slightly 
above it. As can be seen, S-lactoylglutathione caused a small 
increase in release from the cells of 6 out of 7 donors at the lower 
anti-IgE concentration and from the cells of 9 out of 10 donors 
at the higher anti-IgE level. This enhancement is statistically 
significant with P < 0.003 (Student's paired t-test) or P « 0.001 
(Wilcoxson matched-pairs signed-ranks teat). 
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The effect of various concentrations of S-lactoylglutathione 
(0.2-2 x 1074 M) on histamine release were studied to establish 
the concentration necessary for optimum enhancement. The 
dose-response relationship varied with the cells of different 
individuals. With the cells of three out of five donors, maximum 
enhancement was seen at an S-lactoylglutathione concentration 
of 2x 107* M. With the cells of one donor enhancement in the 
presence of 5x 107^ and 2x 10* M S-lactoylglutathione was 
identical (51 to 59%) and with the fifth donor 5x 10^ M 
S-lactoylglutathione increased release from 60 to 73% while 
release in the presence of 2x 107* M was only 64%. In the 
absence of anti-IgE, S-lactoylglutathione did not itself release 
histamine. As the preparation contained glutathione (Sigma) 
and this is one of the metabolic products of S-lactoylglutathione, 
the effect of glutathione (2.5x 107* M) was studied in seven 
experiments. It never enhanced histamine release and with the 
cells of two individuals somewhat (5-1596) inhibited release. 

To investigate the role of S-lactoylglutathione in histamine 
release further, two structurally dissimilar compounds both 
capable of interacting with glyoxalase I and thereby decreasing 
S-lactoylglutathione formation were studied. The first of these, 
giutaryl-S-( p-bromobenzyl)-L-cysteinylglycine (PAL6-25-1) is 
an analogue of glutathione that is not metabolised by the 
enzymes capable of degrading glutathione'*. It inhibits gly- 
oxalase I from yeast with a K, value of 0.32 mM, but apparently 
binds to a different site from that of glutathione". The second 
compound, phenylglyoxal (Aldridge), is an analogue of methyl- 
givoxal (Sigma) and is a substrate for glyoxalase I (ref. 16), 
forming  S-mandelylglutathione rather than — S-lactoyl- 
glutathione. $-Mandelylglutathione is a poor substrate for gly- 
cxalase II, with a Vmax for this enzyme only a twentieth that of 
S-Jactoylglutathione". As can be seen from Table 1, both 
PAL6-25-1 and phenylglyoxal inhibited histamine release in a 
dose-dependent manner. Furthermore, the simultaneous addi- 
tion of S-lactoylglutathione more than reversed the inhibitory 
effect of PAL6-25-1 and also partially (donor 1) or completely 
(donor 2) reversed the inhibition caused by phenylglyoxal. This 
reversal provides good evidence that PAL6-25-1 inhibits 
histamine release because it decreases endogenous S-lactoyl- 
glutathione formation. Phenylglyoxal is possibly acting in the 
same way although it is also conceivable that the S-mandelyl- 
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S-Lactoylglutathione (M) 
Fig. 1 Effect of S-lactoylglutathione on histamine release from 
human leukocytes induced by anti-IgE. Leukocytes from normal 
individuals were incubated in duplicate with anti-IgE (a, 8.3 х 
107? ugm"; b, 0.167 ug ml!) and with or without S-lactoyl- 
glutathione as described in the text. The release reaction was 
initiated by adding cells prewarmed to 37°C to tubes already 
containing all desired compounds. The average difference between 
duplicate measurements (higher value minus lower value divided 
by lower value x 100) was 3.8%. S-lactoylglutathione was pre- 
pared enzymatically by incubating a neutralised mixture of 20 mM 
methylglyoxal and 25 mM reduced glutathione with glyoxalase I (4 
units mI!) at room temperature for 1 h. [n the presence of excess 
glutathione the conversion of methylglyoxal to S-lactoylglutatione 
was complete. The methylglyoxal was purified by steam dis- 
tillation'® followed by passage (at a concentration of 50 mM) over 

Dowex-1. 
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Table 1 Effects of PAL6-25-1, phenylglyoxal and S-lactoyl- 
glutathione on histamine release from human leukocytes 





Additions % Histamine release 
Inhibitor S-Lactoylglutathione (mean t s.d.) 
2x10 ^M Donor 1  Donor2 
None - 5844 6442 
+ 713 60+ 1 
PAL6-25-1 - 45+0 51+3 
3x107*M + 7622 662 
PAL6-25-1 - 3624 41x0 
107M + 8523 7042 
Phenylglyoxal ~ 32+1 4842 
10°M + 5844 6242 
Phenylglyoxal = 9x2 22x1 
3x10 ^M * 3242 6022 
Phenylglyoxal Е Ted 9+2 
10^M * 1623 51x4 





Leukocytes from two normal individuals were incubated in triplicate 
as described in the text. The cells were preincubated for 5 min with 
PAL6-25-1, phenylglyoxal and/or S-lactoylglutathione after which 
anti-IgE (final concentration 3.3x 10 ^ pg ml^!) was added and the 
incubation continued for 45 min. Donor 2 was specifically selected 
because previous experiments had shown that S-lactoylglutathione had 
little effect on anti-IgE-induced histamine release from her cells. $- 
Lactoylglutathione was prepared as described in Fig. 1. 


glutathione formed from phenylglyoxal is an inhibitor of the 
action of S-lactoylglutathione. 

The present findings implicate S-lactoylglutathione as a 
modulator of anti-IgE-induced histamine release and, as such, 
represent the first demonstration of an effect of this compound 
in any secretory system. In addition they are compatible with the 
general hypothesis that the function of the two glyoxalase 
enzymes is the regulation of S-lactoylglutathione levels. It is not 
yet known whether anti-IgE, the stimulus for histamine release, 
alters the activities of the glyoxalase enzymes and thereby 
increases S-lactoylglutathione levels in basophils. This is a 
definite possibility, however, as concanavalin A increases the 
activities of both glyoxalase enzymes in lymphocytes and poly- 
morphonuclear leukocytes'^ and also causes histamine release 
from basophils through interaction with IgE”. The mechanism 
whereby S-lactoylglutathione potentiates histamine release is 
not clear. Because evidence has implicated S-lactoylglutathione 
in the process of microtubule assembly in vitro? while histamine 
release is a microtubule-dependent process ^", it is possible that 
it affects histamine release, in part, by promoting microtubule 
assembly. It seems unlikely, however, that this is its only mode of 
action as disruption of microtubules with colchicine does not 
inhibit release to as large an extent as phenylglyoxal^". Elucida- 
tion of the precise role(s) of S-lactoylglutathione in histamine 
release will require further study. 

I thank Dr Robert Vince for his gift of PAL6-25-1 and Dr 
Lawrence M. Lichtenstein for carrying out the histamine assays. 
This work was supported in part by NIH grants A100043 and 
A111334. 
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The influence of thymus on 
the development of MHC 
restrictions exhibited by T-helper cells 


IMMUNE functions depend largely on the activities of 
peripheral lymphocytes which have been ‘processed’ in the 
thymus (T cells). The best characterised activities of these cells, 
such as in vitro cytotoxicity and suppressor and helper capacities 
in adoptive immunisations seem to be mediated by distinct 
subpopulations. However, it has emerged that T cells of all 
subpopulations exhibit a dual recognition faculty, on the one 
hand, towards entities coded by the major histocompatibility 
gene complex (MHC) and on the other towards foreign antigens. 
Without appropriate MHC recognition ‘foreignness’ may not be 
noticed, giving rise in various functional assays to what has been 
termed MHC restriction. For example, in the mouse, T cells may 
lack cytotoxicity unless they have H-2 region gene products’, in 
common with their target cells. T cells which ‘help’ in antibody 
responses can only do so fully if the B cells with which they are 
cooperating have similar I-region coding’. These various 
restrictions were thought to represent the need for interaction of 
like substances on cell surfaces perhaps to establish propinquity 
before any subsequent interactions could be initiated. Recently, 
however, it has been demonstrated"? that irradiated bone mar- 
row chimaeras of the type A + B ^ (A x B)F,, possessed popu- 
lations of T cells of A and B origin each of which was capable of 
interacting with B-cell populations of both A and B origin (A 
and B are used here purely as symbols for MHC-disparate 
mouse strains). Thus it seemed whatever the genetic deter- 
minacy of the cell, it could, when appropriately conditioned, 
establish reactions based on identity with either genetically 
similar or genetically different cells??. The exact nature of this 
conditioning began to emerge from experiments of Bevan® and 
Zinkernagel’ who found that T cells from (A x B)F, A chim- 
aeras could only kill target cells bearing A type MHC deter- 
minants, whilst no cytotoxicity towards B targets was possible. 
Comparable studies gave analogous results for helper T cells?? 
and recently, it was shown that the events which seem to 
determine the pattern of H-2 restricted specifities of the T cells 
concerned with cytotoxicity occur within the thymus gland". We 
now show that intrathymic conditioning also determines the 
restriction specificities of T cells involved in helping antibody 
production. 

The experimental design (Table 1 legend) aimed to generate 
populations of F, T cells which had differentiated to their T-cell 
status within parental thymus grafts. In other studies it has been 
shown that both thymus lobes irradiated’? as in the present 
series of experiments, and epithelial thymus grafts!', are inca- 
pable of generating T cells of the graft genotype but are capable 
of acting as stageing houses for immigrant, unirradiated bone- 
marrow stem cells. From these and other studies it is a reason- 
able assumption that the majority of T cells in a thymectomised, 
irradiated, bone-marrow injected, thymus-grafted mouse such 
as those in the present studies, will have been processed by the 
(irradiated) thymus graft. 
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Thymic chimaeras were constructed using (C3H/Hex 
BALB/Cc)F, recipients of irradiated thymus grafts. Three groups 
of experimental chimaeras were compared. One group received 
C3H/He (H-2*), another BALB/c (H-2?) and the third 
(C3H/Hex BALB/c)F, thymus grafts. Helper function of 
spleen T cells from individual donors was then assessed on CBA 
(H-2*) and BALB/c (H-2?) B cells. (C3H/He x BALB/c)F, T 
cells which had matured through the influence of a C3H/He 
thymus tended to cooperate better with CBA B cells; those 
which had matured through a BALB/c thymus usually showed 
preference for cooperation with BALB/c B cells (Table 1). 
Those T cells which had differentiated through a (C3H/He x 
BALB/c)F, thymus were able to cooperate in. all instances with 
both CBA and BALB/c B cells, peraaps with a slight bias 
towards CBA B cells. [Failure to cooperate efficiently with B 
cells bearing MHC specificities differen: to those of the thymus 
of maturation was unlikely to be the result of the ‘wrong’ 
haplotype markers on B cells eliciting nonspecific suppressors 
because in 10 thymic chimaeras tested, cooperation was always 
observed with (CBA x BALB/c)F, B cells whatever the restric- 
ted specificity of the helper population.] 


Table 1 Thymus determines MHC restricted specificities of T-helper cells 


Total ne. of anti-TNP PFC with 
the following B-cells. 
CBA(H-2%) BALB/c(H-27) 











Source of thymus graft 


Expt 1* 
C3H/He Donor 1 1,676 43 
2 1,902 [U 
BALB/c Donor 1 367 734 
2 996 3,836 
(C3H/He x BALB/c)F; Donor 1 1,282 1,823 
2 1,784 1,068 
No T cells 83 52 
Expt 2* 
C3H/He Donor 3 315 0 
BALB/c 3 T7 1,570 
No T cells 120 97 
Expt 3 
C3H/He Donor 4 2,337 205 
5 2,447 207 
BALB/c Donor 4 1,121 1,943 
5 430 419 
(C3H/He x BALB/c)F; Donor 3 1,804 580 
No T cells 567 30 
Expt 4 
C3H/He Donor 6 1.742 320 
7 4,346 321 
BALB/c Donor 6 789 1,681 
(C3H/He x BALB/ciF, Donor 4 2,047 1,646 
No T cells 324 437 





Thymic chimaeras were constructed as follows:- (C3H/He x BALB/cIF, mice 
were thymectomised at 6 weeks of age. One month after thymectomy the mice 
were irradiated with 875 R and reconstituted with (C3H/He x BALB/COF, bone 
marrow (approximately 5x 10° bone-marrow cells per recipient) to produce 
relatively T cell-free (AT x BM) mice. Fifteen days later thymus lobes were 
obtained from newborn mice, irradiated in vitro with 600 R and transplanted 
under the kidney capsule of each AT x BM recipient, one thymus lobe each. This 
procedure was designed to provide an environment for the maturation of host T 
cells without allowing any maturation of thymus-graft donor cells, Seven weeks 
later all recipients were primed with 250 ug keyhole lanpet haemocyanin (KLH) in 
Freund's complete adjuvant (FCA); after a further 3-weeks all mice were boosted 
with 100 wg of soluble KLH and after 8-10 days the animals were killed and their 
spleens taken as a source of T-helper cells for in vitro experiments, T-helper 
function was assessed in an in vitro microculture system as previously described”. 
In brief, T cells were purified by passage of spleen cells through nylon wool, Red 
cells were removed by treatment with ammonium chioride and the remaining (T) 
cells treated at 37°C for 20 min with 25 ug ml^ mitomycin C to eliminate the 
possibility of antibody production by any residual B cells. "B celis" were spleen cells 
from TNP-OVA primed CBA or BALB/c mice, anc were treated with anti-Thy 
1.2 serum and complement. Helper T cells were incubated for 5 days with both 
BALB/cand CBA В cells in the presence of antigen (€. 1-0.3 ийт! TNP-KLH). 
Total direct and indirect PFC to TNP coupled donkev erythrocytes were then 
determined from 28-30 microculture wells. 

* The efficiencies of responses of BALB/c and CBA B-cells were compared in 
expts 1 and 2 by the addition of primed T cells of pools of (C3H/He x BALB/oF 
mice. In expt 1 BALB/c B cells gave 2,818 PFC (in 30 wells} while CBA B cells 
gave 2,215 PFC. In expt 2 BALB/c B cells gave 2,469 PFC while CBA B cells gave 
1,831 PFC. 
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It is interesting that (CBA x BALB/c)F, T cells which had 
matured in a BALB/c thymus should in most cases have 
cooperated with CBA B cells to some extent. This 'noise' in such 
MHC restriction experiments is not uncommon in our hands and 


was repeatedly observed iri situations where BALB/c T cells, ' 


whatever the source, have been tested for helper function with 
CBA B cells. As suggested previously* this may represent an 
interesting one-way cross reaction between BALB/ cand CBA 
MHC associated specificities. 

This result is fully compatible with апа clarifies previous 
studies with bone marrow chimaeric mice. Thus: (1) Totally 
allogeneic (А > B) chimaeras make poor antibody responses to 
thymus dependent antigens'*. In this case A T cells develop ina 


B thymus and thus cooperate inefficiently with A B cells. (2) T’ 


cells from (Ах B)F,>A chimaeras cooperate with A B cells 
only*^, for they will have matured in an A thymus. (3) T cells 
from A+ B 2 (A x В)Е, double chimaeras cooperate with both 
A and B B cells** for they have developed in an (Ax B)F, 
thymus. (4) T celis from A (A x B)F, single chimaeras have the 
potential for cooperation with B B cells", again as a result of 
developing in an (A x B)F, thymus. $ 
It is also of interest that in the helper T-cell system it is the I 
region ? which determines the observed MHC restrictions, for it 
is this region which also codes for MHC-linked Ir genes: It is 
possible to think that MHC restriction and MHC-linked Ir genes 
are but two faces of the same coin", and indeed recent evidence 
lends support to this view, in studies where it was shown that 
MHC gene products (presumably in the thymus) can determine 
the T-cell repertoire to extrinsic (nominal) antigens! *. > 
These results with helper T cells fulfil what could be predicted 
from the original findings of Zinkernagel et al.’ with cytotoxic T 
celis; and reemphasise the point that MHC gene products are 
involved in the process of differentiation within the thymus. 
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Localisation of intestinal 
gastrin in a distinct endocrine cell type 


GASTRIN extracted from ain intestine has two main mol- 
ecular forms, little (G17) and big (G34) gastrins’. Both these 
peptides are also found in antral tissue although their relative 
proportions differ, G17 being the major component in antral 
tissue and G34 that in intestinal tissue’. The endocrine cell 
associated with the production of the immunoreactive gastrin 
found in the antral tissue is the ultrastructurally classified G 
cell?, The cellular origin of the immunoreactive gastrin extracted 


' gastrin, G34, and detects the G34 form of gastrin'. 
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from the intestinal tissue has not been determined. The presence 
of cholecystokinin (CCK) peptides’, closely related to gastrin 
and sharing with it a C-terminal pentapeptide sequence (see Fig. 
1), makes the specific immunological detection of both gastrin 
and CCK dependent on the use of well characterised and highly 
specific antibodies. We report here the finding that intestinal 
gastrin originates in a type of cell totally distinct from the I cell 
which has recently been identified as the source of CCK’. 

To provide conclusive evidence we have used the semi- 
thin/thin sectioning method‘ with four different antisera. Each 
antiserum was specific for a different region of the peptide 
molecules, as shown in Fig. 1. G5 is a C-terminal-directed 
antiserum capable of detecting both gastrin and CCK’. 1295 Is 
directed to the N-terminal region of G17 and detects principally 
little gastrin*. 1.33 is directed to the N-terminal region of big 

Z58 was 
raised to a synthetic peptide with the 9-20 amino acid sequence 
of CCK; the antibodies detect only CCK from the series of 
homologous peptides (see Fig. 1). None of the antisera showed 
significant binding to any other available gut peptide, including 
secretin, vasoactive intestinal polypeptide, gastric inhibitory 
polypeptide, neurotensin, motilin, pancreatic polypeptide, 
somatostatin, glucagon, substance P and bombesin. < 

Semi-thin' (800.nm) sections of human antrum, duodenum 
and jejunum, fixed in purified glutaraldehyde and embedded in 
resin, were stained by the indirect immunofluorescence 

Fig. 1 Diagrams showing the region of the peptides detected by 

the antisera used in the study. a, Gastrin; b CCK. 
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Fig. 2 800-nm (semi-thin) sections of human duodenum fixed in 
2.5% purified glutaraldehyde. The araldite was removed by 
immersion in saturated NaOH in ethanol. The sections were 
stained by the indirect immunofluorescent technique using four 
region-specific antisera, a, Section stained with the 1295, N- 
terminal G17-specific antiserum, 1:300, for 24 h at 4*C. Shows 
two positive cells, indicated by the arrows. x 1,500. b, Serial section 
to a stained with the L33, N-terminal G34-specific antiserum, 
1:100, for 24h at 4°C. Shows the same three positive cells. 
x 1,500. c, Section stained with G5, the C-terminal gastrin/CCK 
antiserum, showing two positive cells made up of two separate 
populations: gastrin cells, marked by a circle; CCK cells, marked 
by an arrow (see d). x 1,500. d, Serial section to c stained with Z58, 
the CCK-specific antiserum, showing the same arrowed cell as in c, 
positive, while the circled cell is negative. x1,500. 





139 


method", Serial sections were incubated with 1295 (1:300), G5 
(1:100), L33 (1:100) and 758 (1:200) overnight at 4°C. A 
second layer of fluoresceinisothiocyanate (FITC)-conjugated 
antirabbit globulin was applied for 1 h at room temperature. The 
specificity of the immunostaining was established by previous 
incubation with purified peptides as detailed in Table 1. The 
results of the tissue controls confirm the data already available 
on the specificity of the antisera. Additional controls were the 
incubation of serial semi-thin sections with normal rabbit serum 
(1:100) and FITC-conjugate alone, neither of which showed 
any positive cells. 

The results of the immunostaining on the semi-thin (800 nm) 
sections of antral tissue showed that L33, 1295 and G5 all 
stained identical cells. These cells were then identified on the 
serial thin (60 nm) sections by means of easily located land- 
marks, such as mucin cells, which are visible in both semi-thin 
and thin sections. The ultrastructural appearance of the cells 
identified in this way was that of typical G cells with secretory 
granules ranging from large (350 nm) and electronlucent to 
small (190 nm) and electron dense. Z58 was negative on antral 
tissue as expected. 

The semi-thin sections of duodenum and jejunum gave the 
following results. L33 and 1295 stained identical cells (Fig. 2a, 
b), Z58 stained a completely different population of cells (Fig. 
2d), and GS stained both cell populations (Fig. 2c) 

As 7.58 is specific for CCK and G5 is capable of binding to 
both CCK and gastrin, we conclude that the cells stained by both 
these antisera correspond to the I cells already characterised as 
the source of ССК“. This was confirmed by the appearance of 
the cells at an ultrastructural level. The cells stained by L33, 
1295 and G5 must, by virtue of the specificity of the L33 and 
1295 antisera, contain the immunoreactive gastrin present in the 
intestine. On serial thin sections these cells were found to be of a 
single type, with secretory granules which were small, round and 
electron dense (Fig. 3a-c). Electron micrographs of these cells 
were used to measure the secretory granules; 650 granules from 
12 cells were measured, giving a mean diameter of 175 + 24 nm 
(mean+s.d.). When the measurements were corrected for 
sectioning artefact'', the final value for the mean diameter was 
220 x 20 nm. 

Clearly, the cells containing gastrin in the intestine are of a 
different morphological type from the G cells of the antral 
mucosa. They totally lack the large electronlucent granules that 
are so characteristic of the antral (GA) cells. Recent work has 
shown that the antral mucosa contains equimolar amounts of 
G17 and the N-terminal fragment left after cleavage of G34 to 
G17 (ref. 9), in addition to smaller quantities of G34 itself. It is 
possible that the large electronlucent granules in the antral (GA) 
cells contain the products of the enzymatic cleavage of G34, 
whereas the small granules present in the same cells contain 
mainly unaltered G34. Thus, the granules of the intestinal 
gastrin (GI) cells could correspond to these small G-cell granules 





Fig. 3 a, 800-nm section prepared as described in Fig. 2, stained with 1295 (1:300), the N-terminal G17 antiserum. The arrow indicates the 

positive endocrine cell. x 1,500. b, Serial thin (60 nm) section showing the same endocrine cell. Note the connection to the gut lumen by microvilli 

and the grouping of the secretory granules close to the basement membrane. x2,000. c, High magnification electronmicrograph of the endocrine 
cell to show details of the secretory granules. x27,000. | 
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Table 1 Specificity of immunostaining 





и Peptides (nM) 
Antisera CCK 
(dilution) Absorption Gastrin 17 Gastnn 34 octapeptide CCK 1-33 Area of gut 
. Amount 03 ND ‚1 2 Antrum 
95 o 
(1:100) Result — == m к 
Amount 1 5 10. - 10 Antrum 
1295 Ё . : 
(1:300) Result = +++ +++ +++ Tenens 
А Amount 10 2.5 10 10 Antrum 
L33 - Duoden 
(1.100) Result +++ ан +++ +++ jae 
' Amount 10 Мр 10 1 
758 j 
(1:200) Result +++ +++ Z, ejunum 





All absorptions were carried out by pre- incubation of the diluted antisera with the peptides overnight at 4 °C before staining the tissue. +++, 


Positive immunostaining, 
therefore only essential absorptions were undertaken. 


and these may also contain mainly unaltered G34, which is the 
predominant molecular form of gastrin in the intestine. 

Information from the study of tissue cultures carried out on 
gastrinoma cells’? can be interpreted in the light of these 
findings, The cells in the original tumour contained the charac- 
teristic large electronlucent granules of G-cell type and the 
majority of the extracted. gastrin was G17. After 2 weeks of 
culture the secretory granules had become progressively smaller 
and the content of thé culture was predominantly | G34. 

The cells which we have identified as the origin’ of intestinal 
gestrin have probably ‘been included in previous classifications 
as belonging to the ubiquitous D cell category. These cells have 
been defined as containing small (140-190 nm) round granules, 
with moderate osmiophilia and a closely applied membrane. 
The retention of the D, nomenclature for the duodenal/jejunal 
cells containing gastrin would be confusing due to the wide- 
spread distribution of cells corresponding to the above descrip- 
tion". As the new variety of gastrin-containing cells is confined 
to the intestinal mucosa, we propose the name GI for these cells, 
denoting their intestinal origin, as distinct from the GA cells 
which are mostly confined to the antral region of the stomach. 
This is in keeping with the move towards a functional rather than 
morphological classification initiated in the Lausanne revision of 
the original Wiesbaden (1969) endocrine cell classification. Two 
new cell types have now been named after their peptide product, 
the N or neurotensin-cohtaining cell? and the PP or pancreatic 
polypeptide-containing cell” 

In previous’ classifications a functional emphasis was not 
possible because there was insufficient evidence about the 
peptide products of the various cell types. The widely accepted 
semi- -thin/thin technique, in combination with technical 
advances in antibody production and improved immunocy- 
tochemical - methods have made a functional classification 
possible. 

This work was carried sisak the aid of grants from thè MRC 
and Cancer Research Campaign. We thank Dr J. H. Walsh for 
the 1295 antiserum, Dr G. J. Dockray for a sample of his 
purified L33 antiserum, Professor V. Mutt for the purified CCK 
peptide, and Professor R. A. Gregory for purified G34 peptide. 
G5 antibodies were raised by Dr S. R. Bloom. 
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Identification of the neuritogen 
for experimental allergic neuritis 


EXPERIMENTAL ALLERGIC NEURITIS (EAN) is a model of 
human acute inflammatory polyneuropathy, Guillain-Barré 
syndrome. It can be produced in several species of laboratory 
animal by immunisation with homologous or heterologous 
peripheral nerve emulsified in Freund's complete adjuvant’? 
After about two weeks the animals may develop signs varying 
from ataxia to paralysis and death. EAN has been produced 
using crude acid extracts of peripheral nerve**, but investiga- 
tions into the neuritogenic properties of the component proteins 
of peripheral nerve myelin have yielded inconclusive resulta ^9. 
In experimental allergic encephalomyelitis (EAE), the central 
nervous system (CNS) counterpart of EAN, the encephalito- 
genic antigen has been shown to be a CNS myelin basic protein 
of molecular weight 18,000 (ref. 11). The three major proteins 
of peripheral nerve myelin, which together account for about 
75% of the myelin protein, are usually referred to as Po, Р, and 
Р, (ref. 12). Po is a glycoprotein of molecular weight 30,000 and 
P, and Р, are both basic proteins with molecular weights of 
18,000 and 12,000-14,000, respectively ^^?. We describe here 
a reliable method for producing severe EAN in inbred Lewis 
rats with bovine intradural root matenal, and show that intact 
Pa, the major basic protein of peripheral nerve myelin, is the 
responsible neuritogen. 

Bovine intradural root was obtained within 30 min of death 
and myelin was prepared from this by sucrose density centri- 
fugation’*. The crude acid extract was prepared by incubating 
myelin in 30 mM НСІ for 16 h and collecting the supernatant 
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Table 1 Production of EAN ш Lewis rats with whole myelin and pure P; from bovine Intradural root 














Histological disease 
БАМ EAE 
Dose Day of Clinical disease 
Antigen (mg per animal) onset Incidence Mean score Incidence Mean score Incidence 

Saline — — 0/2 — 0/2 — 0/2 
FCA `- — — 0/3 — 0/3 — 0/3 
Myelin (5) 2.5 12.0 25/25 2.5 24/24 2.6 0/24 
Acid extract (2) 0.25 12.9 8/9 2.0 9/9 24 0/9 
Р, (2) 025 12.5 10/10 24 10/10 2.6 0/10 





All samples except saline and adjuvant controls were emulsified in an equal volume of Freund's complete adjuvant (FCA) containing 10 mg ml! 
Mycobactenum tuberculosis H37R A (Difco). The numbers in parentheses refer to the number of individual experiments carried out; a different 
antigen preparation was used for each. For scoring the clinical disease, the animals were assessed daily after day 7 according to the scale: 0 = normal; 
1 шар tail; 2 = mild or moderate paraparesis; 3 = severe paraparesis, tetrapareeim or paraplegia. Scoring of histological disease were. 0 = normal or 
equivocal lesions, 1 = mild, 2 = moderate and 3 = severe, invasion of inflammatory cells. 


after centrifugation. The basic protein, P5, was purified from this 
crude extract by ion exchange’ and gel exclusion!5 chromato- 
graphy. All steps were carried out at 4°C in the presence of 
]mM mercaptoethanol; 5g of lyophilised myelin yielded 
approximately 30 mg of P}. This was judged to be pure by the 
presence of a single band on SDS-polyacrylamide electro- 
phoresis, similarity of amino acid content to that in previous 
reports (especially the absence of histidine)'*"*, and the absence 
of ganglioside. 

Male inbred Lewis rats (175-225 g) were given two sub- 
cutaneous injections of 50 pl emulsion, one just proximal to 
each fore-footpad, and were weighed and examined daily. All 
remaining animals were killed on day 21. Longitudinal sections 
of each sciatic nerve, the cervical and thoracic cord and brain, 
and six transverse sections of the lumbosacral cord and cauda 
equina from each animal were stained with haematoxylin and 
eosin and examined by light microscopy. 

Preliminary experiments revealed bovine intradural root to 
be the best starting material and the inbred Lewis rat to be the 
most convenient species. In five separate experiments (Table 1), 
each with a different preparation of bovine intradural root 
myelin, moderate or severe clinical and histological EAN was 
always produced and the CNS showed no evidence of cellular 
infiltration. The lack of CNS involvement when using bovine 
peripheral myelin agrees with a recent report". Clinical signs 
first appeared in some animals on day 11, with a mean onset of 
12.0 d. This was accompanied by a weight loss to 75% of the 
starting weight. 

The acid extract was then shown to be neuritogenic at a dose 
(0.25 mg per animal) which was calculated to contain a similar 
amount of P; as 2.5 mg whole myelin’*. Finally, pure Р, was 
shown to be neuritogenic at a dose of 0.25 mg. No CNS 
involvement was found in any of the animals treated with either 
the acid extract or pure P4. . 

Of the two basic proteins in peripheral myelin, P, has been 
shown to be the same as the encephalitogenic basic protein in the 
rabbit sciatic nerve'*, and this is likely to be the same for other 
species. Thus, attention has focused on the other basic protein, 
Pa, which may be specific to penpheral nerve myelin”. Previous 
attempts to induce EAN with a pure isolated protein have used 
bovine intradural root BF (same as Р,) in the guinea рів, bovine 
intradural root P; in the rabbit’ and rabbit sciatic nerve Р, in the 
monkey and guinea pig’. All but the last were unsuccessful, and 
this result was later withdrawn! with the suggestion that iso- 
lation might lead to an alteration in the considerable secondary 
structure of P;. In confirmation of this, Brostoff et al’? have 
reported that a cyanogen bromide peptide of P3, but not whole 
Pa, was neuritogenic. In addition, Abramsky et a/.*? have iso- 
lated a basic protein of molecular weight 14,000 from human 
and bovine sciatic nerves which they reported to be neurito- 
genic. In the first report* this protein, known as P,L, was claimed 
to differ from all known myelin proteins, whereas in the latter? it 
was thought to be the same as P;. In both reports, however, the 


disease produced was very mild, with an incidence as low as 5096 
in some experiments. Moreover, others have suggested that the 
reported amino acid content of P;L indicates contamination 
with other proteins, especially P, (ref. 14). 

In the present study, a 10096 incidence of pure EAN without 
EAE has been produced by the use of bovine intradural root P; 
in the inbred Lewis rat, a combination not previously reported. 
Thus, in contrast to the experience of others'^, we have been 
able to isolate P; in a form which is still neuritogenic. Overall, 
the clinical disease produced by the pure neuritogen was slightly 
less severe than that produced by whole myelin, but, neverthe- 
less, several animals developed the maximum score on our scale. 
A possible reason for the lack of success of previous authors, 
apart from the combination of tissue and recipient, may be their 
predominant use of the guinea pig" ^, because this species has 
been shown to possess very little P; in its peripheral myelin'?. 
Thus, guinea pigs immunised with peripheral myelin basic pro- 
teins have been reported to remain unaffected*’, develop EAE? 
or a low incidence of a very mild EAN’. In our preliminary 
investigation with the guinea pig, we found that bovine 
intradural root produced only EAE and not EAN 

Now that we have clearly identified the neuritogen involved in 
the animal model of Guillain-Barré syndrome, we intend to 
extend our study to look for evidence of sensitisation to Р, in the 
human disease. 

We thank Dr N. A. Gregson for advice, Mr A. R. Salliss for 
histological assistance, and the MRC for financial support. 
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Are cardiac muscle cells 
‘skinned’ by EGTA or EDTA? 


KNOWLEDGE of the processes involved in the contraction of 
skeletal muscle fibres has been greatly advanced by study of the 
‘skinned’ fibre preparation. Here the sarcolemma is peeled off, 

giving access to the intracellular organelles unhampered by an 
intervening cell membrane. The small size of cardiac muscle 
cells had seemed to preclude the use of this technique, and so 
interest has been shown in a ‘chemical’ method for ‘skinning’ 
heart cells, which involves exposing the muscle to EGTA and 
EDTA (ref. 1). However, this paper questions the effectiveness 
of the EDTA/EGTA skinning methods, reporting that tension 
production in fully treated cells is [Na], dependent, and that the 
celis can support resting and action potentials in low [К],- 
'skinning' media. It is concluded that both the high Ca-sensi- 
tivity and low membrane potential of EGTA/EDTA-treated 
cells occur without radical impairment of the sarcolemmal 
permeability barrier. An alternative explanation for the high 
sensitivity to extracellular calcium is presented which involves 
the Ca-Na exchange mechanism. 

Treating cardiac muscle with divalent cation chelators such as 
EDTA and EGTA is reported to produce a 'high permeability 
state’ after 12-20 min exposure to a medium which Spice 
includes KCl, ATP and a buffer, in addition to the chelato: 

The evidence that this procedure makes the heart pue 
membrane ‘highly permeable to ‘the calcium buffer system’ (ref. 
1) depends heavily on two principle observations: first, the 
treated cells have a very low resting potential, suggesting that 
the sarcolemma has become freely permeable to small ions”, 
and second, that tension can be induced by Са?" at micromolar 
levels, Mechanical activity at these low concentrations is 
normally associated with the activation of isolated contractile 
proteins or of skeletal fibres skinned by more direct methods" *. 
The EDTA/EGTA method, or a variation of it, has 
subsequently been applied to several cardiac tissues, smooth 
muscle? and skeletal muscle*. However, recent studies of frog 

heart*!? have suggested that the two above characteristics аге 
not unique to skinned cells and, therefore, are not unequivocally 
indicative of ‘skinning’. 

In these previous experiments, and those to be reported here, 
EGTA- and EDTA-containing solutions have been applied to 
fine atrial and ventricular trabeculae of frog heart by rapid 


Fig.1 Electrical actvity in EDTA-containing solutions. 
Membrane potential (upper trace) and tension (lower trace) from a 
superfused frog ventricle trabeculum (diameter ~200 um, length 
2 mm). On addition of acetylcholine (107° M) to the Ringer solu- 
tion (see ref. 9) stimulation was halted. Removing Ca and adding 
3 mM EDTA induced spontaneous activity which persi until 
EDTA was removed and Ca restored (after 17 min). A stimulus (at 
20 min) produced an action potential of near-normal duration. 
Я Temperature 20 °С. 
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Fig.2 Tension responses of a superfused frog atrial trsbeculum 
(diameter ~100 um, length 1.5 mm). Changing from Runger's 
solution (pCa 2.7 * 2 mM) to Winegrad's ‘disruption’ medium 
(mM; KC) 120, Na; ATP 5, Tris 20, EDTA 5, pCa ~9) induced a 
contracture. pCa values of lees than 9 indicate that the * 
solution (mM; КС] 120, Na2ATP 5, Tris 20, MgCl, 1, EGTA 5, Ca 
0—5) was used. Halfway through the final exposure to pCa 4, the 
‘activating’ solution was substituted by Ringer's. solution at the 
same pCa valuc. Temperature 20 *C, pH 7.00 


superfusion. The results may be summarised thus. First, pro- 
tracted action potentials are produced in EGTA-Ringer solu- 
tion; these can arise spontaneously and eventually last up to a 
few minutes. Unless observed by continuous recording from one 
cell, this behaviour can give the appearance of a full depolarisa- 
tion of the cell. However, even in preparations expoeed to 
EGTA for over an hour the action potential can be curtailed by 
acetylcholine (ACh) or divalent cations’. The resting potential 
between the long action potentials is well maintained and, by 
inference, the cell membrane is still an effective permeability 
barrier. The effects also occur with EDTA and are more 
marked; spontaneous activity is common and action potential 
prolongation even greater. Figure 1 shows a typical record 
where the exposure to EDTA was started with the preparation 
already in the presence of ACh. ACh induces hyperpolarisation. 
Addition of EDTA rapidly evokes a spontaneous train of long 
action potentials which is sustained over 15 min. Restoration of 
Ca?* returns electrical (and eventually mechanical) activity to 
near normal. 

The second and, apparently for most authors it seems, the 
major criterion of the 'high-permeability state', namely high 
sensitivity to calcium, can also be displayed by cardiac cells 
without skinning them. Frog atrial trabeculae exposed to low 
sodium concentrations (with and without EGTA) produce half- 
maximal contracture tension at a [Ca?*] of —2x 107" M with a 
normal resting membrane potential!'?. This finding has been 

extended to frog ventricle where half-maximum tension in 
identical conditions occurs at 1.2 (+s.d., 0.5) x 10 М Ca?* 
(n = 6). Relaxation is very slow in these conditions (t,2 of the 
order of 2508 at pCa 6 compared with about 10s at pCa 
4—2)'*'^ dnd can give the appearance of a tonic rather than a 
phasic response. Until relaxation is completed, tension steps can 
be induced by pCa changes. 

As both criteria for skinning fail to distinguish clearly between 
hypothetical skinned cells and those described above which are 
patently unskinned, it must be asked if cells exposed to the full 
EDTA and EGTA ‘skinning’ treatment are really skinned at all. 

To identify whether the preparation undergoes a qualitative 
change in Winegrad's ‘disruption’ medium, the constituents of 
this medium were tested in various permutations. In summary, 
the high permeability state, judged on the development of high 
Ca serisitivity (repeatable step-wise responses to pCa changes), 
loss of membrane Potential (except obviously in K-rich media) 
or production of rigor (high Ca, ATP-free media), could not be 
demonstrated even with the combination of EDTA or EGTA 
(up to 10 mM), high [K*], low [Na+] and Tris buffer. However, 
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inclusion of ATP, which is present in Winegrad's full disruption 
medium, did produce a qualitative change in contractile 
behaviour. 

If pCa steps were made after 20 min exposure of a frog 
ventricle or auricle trabeculum to EDTA or EGTA (pCa28, 
see legend to Fig. 2), then tension steps could be induced in the 
range of pCa 7-4. However, there are at least four clear 
indications that these preparations are not skinned. (1) Spon- 
taneous relaxation occurs, although at a very slow rate; (2) peak 
contracture tension at.a given pCa falls with the duration of the 
exposure to the ‘skinning’ medium: the highest Ca sensitivity in 
these preparations develops within a minute but reaches a lower 
steady level after about 20 min; (3) rapid, full relaxation is 
produced when Ringer’s solution is restored; (4) In an ATP+ 
EGTA (or EDTA) Ringer solution (pCa > 8), as before, long- 
lasting ACh-sensitive action potentials can be recorded for over 
an hour. 

The third point is illustrated in Fig. 2. If these cells were in fact 
skinned, then restoring Ringer’s solution (removing MgATP) 
while the muscle is contracted should, if anything, induce 
rigor''. Similar, though much slower, effects are visible in 
Winegrad’s published records (ref. 1, Fig. 1). He interpreted this 
as due to a ‘healing over’ of the cell membrane at the raised 
calcium level. This argument can be discounted, as no relaxation 
occurs even at pCa < 2 (see, for example, ref. 12, Figs 1, 2, 4) and 
relaxation occurs even without altering pCa (Fig. 2). 

The relaxation produced by restoring Ringer's solution is 
primarily the result of raising the sodium concentration. This 
was shown by investigating the effect of [Na+] on contracture 
strength in preparations that would otherwise be judged ‘highly 
permeable’. Figure 3 shows the effect of [Na+] from 6.6 to 
63 mM on contracture strength at constant pCa. Three typical 
tension reponses are shown on the right, from which it is clear 
that peak force is reduced as sodium concentration increases 
(note that [K^] is constant and tonicity maintained with Tris). 
Results from one preparation are plotted on the left. The steep 
dependence of contractile strength at constant pCa on [Na+] is 
not characteristic of skinned muscle but is reminiscent of 
responses to simple low-sodium media (ref. 10, Fig. 4). An 
expression derived in that paper (Eq. A6) relates contracture 
strength to [Na], at constant [Ca?*], and by choosing a suitable 
value for KN? (which alters the position but not the shape of the 
curve) a good fit is obtained. The curve is shifted to the right on 
the Na axis at lower pCa values. This expression relates to the 
behaviour of a Na-Ca exchange system in the sarcolemma of 
frog heart. The results indicate that these supposedly skinned 
cells are not skinned at all, but rather that the tension reponses 
observed result from the operation of the Ca~Na exchange 
system whose activity has been modified by depolarisation 
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Fig. 3 Right: tension records obtained after a 2-min exposure to 
the 'disruption' solution (see Fig. 2), at which time Ca-sensitivity is 
maximal. At the first arrow, the ‘activating’ solution was applied 
(pCa ~8, Na; ATP 3.3 mM and Tris 127 mM otherwise as in Fig. 2, 
that is, hypertonic). At the second arrow, 1 min later, the pCa was 
reduced to 5.3 with [Na], varied by substituting NaCl for Tris-Cl. 
Finally, normal Ringer's was restored. Left: results from one 
experiment of the type shown on the right relating peak contrac- 
7 ture tension (Cmax) to [Na"],. The curve was drawn according to 
the equation and scaled to maximum possible tension taken as that 
observed іп a 120 mM KCl, 0 mM NaC! solution!!. The value of 
КМ? in this case was 1.34 x 10* M^*. Calibration bar = 0.15 mN, 
temperature 20°C, pH 7.00. (Rana esculenta.) 
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(120 mM K") and perhaps more importantly, by extracellular 
ATP. 

Frog heart is not rendered ‘highly permeable’ by Winegrad's 
method. Whether a similar criticism may be levelled at results 
obtained with other cardiac and non-cardiac tissues using this 
technique**”* is open to speculation, although morphological 
studies of human skeletal muscle are reported to have shown 
disruption of the sarcolemma*. Long-lasting action potentials in 
EDTA have been reported for mammalian cardiac tissue ^. The 
results reported here clearly indicate that the two properties of 
high calcium sensitivity and low resting potential are not 
sufficient indices of successful skinning. It seems that only the 
elegant and painstaking microdissection techniques of Fabiato 
and Fabiato'* ensure that a cardiac cell can be skinned while 
leaving the sarcoplasmic reticulum and mitochondria intact. 

Part of this work was supported by SFB 'Bionach' 114 
Bochum and the MRC. 
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Activation of 
adenylate cyclase by vanadate 


VANADATE has been identified as a potent inhibitor of 
(Na,K)ATPases'*. The (Na,K)ATPase of dog kidney is 
inhibited 50% by 40 nM sodium orthovanadate (Na; VO,) in 
optimal conditions (28 mM Mg’*)’. As vanadate was originally 
identified as an inhibitor in muscle-derived ATP preparations? 
and in equine and rabbit skeletal muscles, it has been suggested 
as endogenous regulator of (Na,K)ATPase^ ^. We have tried to 
use vanadate as a tool to inhibit ATPases in adenylate cyclase 
studies when working at low ATP concentrations. We report 
here that vanadate causes marked stimulation of adenylate 
cyclase activity in membranes isolated from rat fat cells and 
produces maximal activation even in the absence of hormones. 

Plasma membranes of isolated fat cells were prepared from 
epididymal adipose tissue of male Sprague-Dawley rats (160— 
220 g). The preparation followed essentially the method of 
McKeel and Jarett?. The determination of aden ylate cyclase was 
carried out as described previously? using the protein- binding 
method of Gilman’. The assay contained in a total volume of 
100 ш: 1 mM ATP, 20 mM MgCh, 40 mM Tris-HCl, pH 7.4, 
5 mM creatine phosphate, 10 ug creatine kinase (25 units per 
mg) and 20 ug bovine serum albumin. The reaction mixture was 
preincubated for 5 min at 37°C and the reaction started by 
addition of freshly thawed plasma membranes (4-8 wg per test 
tube). For blank values, heat-inactivated membranes were 
added to the reaction mixture. The reaction was stopped after 
10 min incubation at 37 °С by addition of 1 ml of ice-cold 


© Macmillan Jóurnals Lid 1979 


144 





Adenylate cyclase actrvity (nmol per mg protein) 


0 


Time of incubation (min) 


Fig. 1 Time course of adenylate cyclase activation by vanadate. 
Purified plasma membranes were isolated from rat fat cells by a 
previously described method*. Fat cell membranes (4.4 ug of 
membrane protein per 100 ul) were incubated at 37°C in a^ 
medium containing 1 mM ATP with an ATP-regenerating system, 
20 mM МЕСІ, 0.2% bovine serum albumin and 40 mM Тги-НС 
buffer, pH 7.4. Activity was assayed without (O) and with 1 mM 
sodium vanadate (6). Values are means of triplicate deter- 
mun : : 


50 mM sodium acetate buffer, pH 4.0. Cyclic AMP was deter- 
mined after 60-fold dilution of the samples. In these conditions, 
vanadate up to a concentration of 1 mM did not interfere with 
the assay procedure. Compounds used were anhydrous sodium 
vanadate (NaVO.) and sodium fluoride (both Merck Darm- 
stadt), theophylline (Boehringer Ingelheim), 1-noradrenaline- 
HCI (Fluka), guanylyl imidodiphosphate (GppNHp) and ATP 
(both Boehringer Mannheim). ` 

Figure 1 shows a typical effect of sodium vanadate on the time 
course of adenylate cyclase activity in purified plasma 
membranes from rat fat celis. At a concentration of 1 mM, 


vanadate elicited an immediate stimulatory effect ọn enzyme 


activity which was linear up to 10 min. The increase of basal 
activity by vanadate was twofold after 2 min and more than 
fourfold after 10 min of incubation, the difference being due to a 
nonlinear time course of basal activity. ‚ 

As can be seen from Fig. 2, the stimulatory effect of sodium 
vanadate was concentration dependent. A significant increase of 





Concentration of vanadate (mM) 


Fig. 2 Concentration dependence of vanadate stimulation of fat 

cell adenylate cyclase activity. Fat cell membranes were incubated | 

as described in the legend to Fig. 1. Values are means+s.e.m. of 
triplicate determinations, 
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cyclase activity was observed even with 10 uM vanadate. Similar 
dose-response curves were obtained with ammonium vanadate 
(NH4VO,). Concentrations higher than 1 mM vanadate have 
not been tested. 

The effect of vanadate on adenylate cyclase activity was 
further studied in the presence of a phosphodiesterase inhibitor 
and various stimulators of adenylate cyclase (Table 1). In the 
presence of theophylline, which itself had only a marginal effect 
on basal activity, the stimulatory effect of vanadate remained 
unchanged. Thus, it seems unlikely that vanadate might act as a 
phosphodiesterase inhibitor of a residual phosphodiesterase 
activity. Furthermore, vanadate in concentrations up to 1'mM 
had no effect on the activity of soluble and particulate cyclic 
AMP phosphodiesterases of rat fat cells (data not shown). The 
effect of 10 uM noradrenaline was further increased by addition 
of vanadate, but the effects of the two agents were not additive. 
The activity obtained with NaF plus vanadate was somewhat 
lower than that with NaF alone. Vanadate increased the effect of 
a low concentration of GppNHp (0.1 M9, but had no additional 
effect on a higher GppNHp concentration (1 jM). 

As it is a potent inhibitor of (Na,K)ATPase activity'^; it 
seemed possible that vanadate might increase cyclase activity by 
preserving ATP as substrate for adenylate cyclase. However, 
cyclase activation by vanadate was independent of the concen- 
tration of ATP, tested in the range 1 рМ-1 mM (data not 
shown). In addition, the ATP-regenerating system used in the 
present study effectively preserved the ATP concentration even 
at concentrations lower than 1 mM (ref. 6). ' 


Table 1 Effect of vanadate on adenylate cyclase activity of rat fat cell 
membranes in the presence of theophylline or vanous stimulators of 





adenylate cyclase 
Additions Control 1 mM vanadate 
None : 1.04 +0.04 6.43 +0.25 
Theophylline, 1 mM 1.20+0.01 6.38 +0.22 
Noradrenaline, 10 „М 2.05 +0.03 6.77 +0.49 
NaF, 3 mM 13.28+0.76 _ 11.89: 0.10 
GppNHp, 0 1 uM 3.05 +0.24 5.89+0.18 
GppNHp, 1 pM 7.952:0.16 8.13+0.10 


Fat cell membranes (4 4 pg of membrane protein per 100 ul) were 
incubated for 10 min at 37 °С in а medium containing 1 mM ATP with 
an ATP-regeneraung system, 20mM MgCh, 0.2% bovine serum 
albumin and 40 mM Tris-HCl buffer, pH 7.4. Each experiment was run 
in triplicate, values are means t $.6.m. 


Another hypothetical explanation for a mechanism of action 
of vanadate might be that in addition to its inhibitory effect on 
(Na,K)ATPases, it may affect other nucleoside triphosphatases 
and cause activation of adenylate cyclase by inhibiting a GTPase 
associated with the guanylnucleotide binding protein. It has 
been suggested that the guanylnucleotide binding protein of the 
adenylate cyclase system plays a dual role"; in the presence of 
hormone plus GTP it activates the adenylate cyclase, but also 
functions in the hydrolysis of bound GTP and thus terminates 
the activation. The latter reaction has been referred to as the 
turn-off GTPase reaction*: Any decrease in the rate of hydroly- 
sis of GTP at the regulatory site would maintain more of the 
enzyme at the active state. A reduction of GTP hydrolysis has 
been propoeed-as the basis for increased adenylate cyclase 
activity after cholera toxin treatment’. Furthermore an inhibi- 
tion of catecholamine-stimulated GTPases by cholera toxin and 
an enhancement of GTP-dependent adenylate cyclase activity 
have recently been observed in turkey erythrocyte membranes . 
Experiments are in progress to determine whether the adenylate 
cyclase activity elicited by vanadate is GTP dependent. 

The effect of vanadate on cyclic AMP formation in addition to 
its effect оп (Na,K)ATPases may be of general interest, -as 
vanadate exerts biological activities in several intact cellular 
systems. A positive inotropic effect of vanadate in electrically 
driven cat papillary muscles'?, and several pharmacological 
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effects, among them a powerful peripheral vasoconstriction, 
have been герогіей'!. 
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Antibody against a stimulatory factor 
of RNA polymerase II 
inhibits nuclear RNA synthesis 


THE mechanisms by which eukaryotic genes are differentially 
activated are mostly unknown. However, the most fundamental 
process of gene expression is thought to be transcription by 
RNA polymerase II, and thus the regulation of RNA synthesis 
by this enzyme is one of the important points of study of 
eukaryotic gene expression. It is generally believed that struc- 
tural modification of chromatin governs the transcriptability of 
the template’, and consequently studies have been carried out 
on the activity of chromatin" *. Recently, another possibility has 
been considered, that various regulatory proteins may be 
involved in the process of transcription and regulate the gene 
expression*. However, although there are many reports of pro- 
teins stimulating the activity of RNA polymerase II in vitro !!, 
no conclusive evidence has yet been obtained to show that these 
proteins are, in fact, functioning in the process of nuclear RNA 
synthesis. We have purified a protein from Ehrlich ascites 
tumour cells that specifically stimulates the activity of RNA 
polymerase II on homologous DNA". Named S-II, this is a 
basic protein with a molecular weight of 40,500. We report here 
that an antibody against 5-11 markedly inhibits RNA synthesis in 
isolated nuclei, but that it does not affect the activity of purified 
RNA polymerase II. These findings suggest that the processes of 
RNA synthesis in isolated nuclei and with purified RNA poly- 
merase II and deproteinised DNA are basically different, and 
that S-II has an essential role in nuclear RNA synthesis. 

Protein factor S-II was extensively purified from Ehrlich 
ascites tumour cells, and antibody against S-II was prepared by 
injecting S-II into albino rabbits. This antibody was found to 
inhibit the stimulatory activity of S-II specifically. Nuclei were 
prepared from Ehrlich ascites tumour cells by the method of 
Marzluff et al.?, and were active in the incorporation of 7H-UTP 
into RNA in vitro, in the presence of three other nucleoside 
triphosphates and salts. 

First, we tested whether the antibody against S-II had any 
effect on RNA synthesis in the isolated nuclei. There are three 
species of RNA polymerase (I-III) in nuclei; RNA polymerases 
I and ПІ, which synthesise ribosomal RNA and small molecular 
weight RNA, respectively, are fairly resistant to a-amanitin, 
whereas RNA polymerase 11, which synthesises messenger 
RNA, is inhibited by a-amanitin'*. Therefore, in tests on the 
effects of the antibody against $-П on the activities of these three 
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3H-UTP incorporated (c.p.m. x 107 2) 


68 0 0.4 0.8 
Amount of IgC (mg) 


0 0.4 


Fig. 1 Inhibition of nuclear RNA synthesis in vitro by antibody 
against S-II. The reaction mixture contained, in a total volume of 
100 ul, 50 mM HEPES, pH 8.0, 0.25 mM each of ATP, GTP and 
CTP, 0.025 mM UTP, 2 pCi of *H-UTF (20 Ci mmol), 1 mM 
MnCb, 5mM Mg(OAc);, 150mM KCl, 12mM 8-тегсаріо- 
ethanol, 0.05% Triton X-100, 10% glycerol, 0.5. ug of a-amanitin 
when present, 2 x 10? nuclei and the indicated amount of antibody 
against S-II or normal IgG. The mixture was preincubated for 
30 min at 0°C, then at 25 °C for 10 min, a ter which acid-insoluble 
radioactivity was measured. a, Effect of the antibody on о-атапі- 
tin-sensitive RNA synthesis; b, effect of antibody on a-amanitin- 
resistant RNA synthesis. @, A, Antibody; ©, ^, normal IgG. 


enzymes, assays were carried out in the эгеѕепсе and absence of 
5 ug ml! of a-amanitin. Nuclei were preincubated in the reac- 
tion mixture for RNA synthesis (see legend to Fig. 1) for 30 min 
at 0°C with increasing amounts of artibody; the incubation 
temperature was then shifted to 25 °C and the incorporation of 
?H-UTP into the acid-insoluble fraction іп 10 тіп was 
measured. The control contained immunoglobulin G prepared 
from non-immunised rabbit serum instead of antibody. As 
shown in Fig. 1a, the antibody inhibited nearly 50% of the 
a-amanitin-sensitive RNA synthesis, whereas normal IgG had 
little effect. Neither antibody nor normal IgG affected RNA 
synthesis in the presence of a-amanitin (Fig. 15). These results 
clearly indicate that stimulatory factor $-1I must be involved in 
some way in the RNA synthesis catalysed by RNA polymerase 
П in isolated nuclei, but that it is not related to o-amanitin- 
resistant RNA synthesis. The results zre consistent with our 
previous findings with isolated enzymes that 5-11 specifically 
stimulated RNA polymerase II and did not stimulate RNA 
polymerase I at all. 

The question arises as to whether or nct S-I is a component of 
the multimeric proteins of RNA polymerase Il. We therefore 
tested the inhibitory effect of the antibody on purified RNA 
polymerase II. For this, we preincuba:ed a fixed amount of 
purified RNA polymerase II with incrsasing amounts of the 
antibody at 0 °C for 30 min and then shi:ted the temperature to 
37 °С and measured the incorporation o? ^H-UTP into RNA in 
60 min. As a positive control, we measured the effect of the 
antibody on the stimulatory activity of S-II. As shown in Fig. 2, 
RNA polymerase II itself was not affected appreciably by either 
the antibody or normal IgG, whereas the stimulatory activity of 
S-II was specifically inhibited by the antibody but not by normal 
IgG. These results show that the antibod, inhibits the activity of 
S-II. If S-II were an intrinsic component of multimeric proteins 
of RNA polymerase II, the antibody should have at least partly 
inhibited the activity of RNA polymerase П. It is possible that 
S-II is a component of native RNA polyrrerase II, but that it was 
split off during isolation of the enzyme because when multi- 
meric proteins are extensively purified teir subunits are some- 
times lost during the purification step, as in the case of o factor of 
Escherichia coli RNA polymerase". However, in this study we 
used partially purified RNA polymerase Il (ref. 16), which was 
more likely to retain an intact molecular structure than 
completely purified enzyme. Thus, the fact that the antibody did 
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?H-UTP incorporated (c.p.m. x 107?) 
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Fig. 2 Effect of the antibody against S-II on partially purified 
RNA polymerase II. The reaction mixture contained in a total 
volume of 250 yl, 40 mM Tris-HCl, pH 7.9, 3 mM MnCl, 4.6 mM 
MgCl;, 50 mM (NH4)2SO4, 0.068 mM EDTA, 4 mM В-тегсар- 
toethanol, 0.25 mM each of ATP, GTP and CTP, 0.025 mM UTP, 
0.5 „Сї of 7H-UTP (20 Ci mmol '), 5 pg of Ehrlich ascites tumour 
DNA, 20 units of RNA polymerase H (see ref. 16), 25 units of S-II 
when present (see ref. 12) and the indicated amount of antibody 
against S-II or normal IgG. The mixture was preincubated for 
30 min at 0°C, then at 37°C for 60 min, and then acid-insoluble 
radioactivity was measured. @, Antibody + 5-П; ©, normal IgG + 
S-H; V, antibody, no S-II; A, normal IgG, no S-II. 


not inhibit the partially purified RNA polymerase II strongly 
suggests that S-II is not an intrinsic component of RNA poly- 
merase П. 

From the results obtained here using specific antibody against 
stimulatory factor S-II, two important conclusions could be 
drawn about eukaryotic transcription. First, in the process of 
transcription a-amanitin-sensitive, nuclear RNA synthesis is 
not a simple process catalysed by RNA polymerase II, but in 
some way involves a regulatory protein(s) such as S-II. Second, 
the protein factors reported to stimulate RNA polymerase II in 
citro are not necessarily components of the multimeric proteins 
of RNA polymerase II, but may exist as independent proteins 
that regulate transcription by interacting with the enzyme. Thus, 
in reconstruction of an accurate transcriptional system in vitro 
using purified RNA polymerase II and deproteinised DNA as 
template, attention must be paid to the effect of these stimula- 
tory factors. This is the first report of evidence that a stimulatory 
factor is actually involved in nuclear RNA synthesis. 

This work was supported by a Grant-in-Aid from the Ministry 
of Education, Science and Culture of Japan (258055). 
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Phenotypic suppression and 
misreading in 
Saccharomyces cerevisiae 


A NUMBER of antibiotics and other inhibitors have been useful 
in genetic and biochemical analyses of the protein-synthesising 
machinery of prokaryotic and eukaryotic organisms. Amino- 
glycoside antibiotics have been shown to be particularly helpful 
in this respect, especially in identifying ribosomal protein 
cistrons in bacteria, The aminoglycosides cause extensive mis- 
reading of the RNA code words іп vitro' and suppress many 
nonsense and missense mutations in Е. coli? phenotypically. The 
misreading observed in cell-free translation is believed to be the 
basis for the phenotypic suppression, although the exact 
mechanism is not known. Apart from a report of suppression of 
a single mutation in yeast by streptomycin’, there have been no 
demonstrations of phenotypic suppression in eukaryotic 
organisms. Earlier studies of mistranslation in vitro in eukary- 
otic systems indicated that this phenomenon is rare. Streptomy- 
cin did not cause misreading with cytoplasmic ribosomes of rat 
liver’, rabbit spleen’, chicken liver? or yeast "; neomycin had no 
effect in rabbit reticulocyte extracts* and only a slight effect in 
the yeast and chicken liver systems?". These results suggested 
that translation in higher organisms functions with higher 
fidelity than that in bacteria. Nevertheless, aminoglycoside 
antibiotics have recently been shown to cause extensive trans- 
lational misreading in vitro in systems derived from Tetra- 
hymena?, wheat embryo”, and cultured human cells". 

We report here that several aminoglycoside antibiotics 
(including hygromycin B, lividomycin, paromomycin and 
neomycin) cause phenotypic suppression of UAA (ochre), UAG 
(amber), and UGA mutations and also promote misreading in 
vitro in the simple eukaryotic organism Saccharomyces cere- 
visiae. Mutants resistant to hygromycin B have been isolated 
which exhibit altered levels of antibiotic-induced phenotypic 
suppression. 





Fig. 1 Test for phenotypic suppression of an UAA (A) and an 
UAG (B) mutation by various aminoglycoside antibiotics. Strain A 
carrying an ochre (UAA) mutation, 17р5-48, and strain B carrying 
an amber (UAG) mutation, met8-1, were grown in yeast extract- 
peptone-dextrose medium to stationary phase. Cells were col- 
lected by centrifugation, washed twice with sterile water and re- 
suspended in water. Approximately 7.5 х 10* cells were spread on 
synthetic agar media. Sterile paper disks were placed as shown on 
which 500 ug (25 ш of 20 mg ml! aqueous solution) of the 
indicated antibiotics were dispensed. The antibiotics used were: 1, 
paromomycin; 2, lividomycin A; 3, gentamicin Cia; 4, hygromycin 
B: 5, kanamycin B; and 6, kanamycin C. Petri dishes were 
incubated at 30°C for 6 d and then photographed. The white 
growth surrounding a disk indicates phenotypic suppression. 
Strains C and D are mutants (see text) resistant to hygromycin B 
isolated from strains A and B, respectively. Tests with C and D 
were done exactly as described above for A and B. 
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Antibiotics were- tested “for phenotypic suppression of 


nonsense mutants of yeast as shown in-Fig. 1; , higher concen- 
trations of antibiotics were àlso tested: Of 32 nonsense muta- 
tions tested, 18 were suppressible (Table-1) by one or more'of 
. the drugs. Only a few cases were found where a mutation not 
suppressed initially was suppressed when higher concentrations 
of antibiotic were used. The UAA mutation mp5-48 and the 
UAG mutation met8-1 were the most readily suppreesible 
mutations of their respectivo classes. We therefore used these. 
two mutations to test a variety of aminoglycoside antibiotics for 
their ability to cause phenotyplc suppression (Table 2): 
Although paromomycin; hygromycin: 'B and lividomycin B were 
generally-the most efficient in causing phenotypic suppression, 
no clear-cut structure-activity relationship was evident. It has 
been reported*:!° that only those aminoglycoside antibiotics. 
that contain а:6' -hydroxyl group on tbe amino sugar linked to 
the 4-position of 2-deoxystreptamine were highly active in 
promoting mistranslation in eukaryotic cell-free systems. If 
' suppression of auxotrophic mutations by the’ antibiotics in yeast 
is due Чо mistranslation, this structure-function relationship 
does not always-apply. For example, in Fig. 1 (A, C) it can be- 
seen that kanamycin B is substantially more active. than 
“kanamycin C; the reverse is predicted from ín vitro: mistrans- 
lation studies. Inr- addition, several of the: кешен were 
active. a 





ТаЫе 1 :Nonsénsé mutations tested for phenotypic suppression . 





‘Mutation. б. су. e à 
type + Suppressed* Not suppressed - 
-UAA tp5-48, lys1-1,leu2-1  his5-2, ade2-1, arg4-17° 
met! 5-30, met1 5-49, can1-100, met 5-47, 
` «atl 5-85, met15-95, met15-70, те115-107 . 
‚ mat1 5-119, met15-131 MA. 
ОАО, 418-1, 101-1, аю7-1 trpl-l, ‘met :21; 
E o^ ade3-26, metl 5-44 : - metis-76. -` 
met15-46, met15-72, : 
. . met15-54 А жш? ; 
“UGA leu2-2 | hist-166, his4-260° 





"Segel by one or more anita Шей 1 Table 2 


Although most of the nonsense mutations were suppressed by 
one or more of the antibiotics, phenotypic suppression of 
missense mutants was rare. No auxotrophic mutations in yeast 
are known to be missense on the basis of amino acid substitution 
or nucleotide: sequence ‘data. A number of osmotic-remedial 


and/or temperature-sénsitive mutants are, however, believed to ` 


be missense: Paromomycin, which is active on all phenotypically 
suppressible nonsense mutants (Table 1) was tested for 
‘Suppression of isogenic series of missense mutants in the met15 
locus. Only one (met 5-33) of 34 could be weakly suppressed. 

This mutant is osmotic-remedial, shows interallelic comple- 
mentation and was not suppressible by amber and ochre 
suppressors’. The proportion of missense mutations that are 
suppressible in bacteria is lower than that of nonsense muta- 
tions’, but it seems to be much higher than in yeast. The 
frequency of phenotypically suppressible mutants in a random 
sample of mutants was relatively low; we found only ten such 
mutants in a collection of 337 independent auxotrophic mutants 
isolated from a prototrophic strain. 

Some of the ochre (UA A) mutants that we examined contain 
the cytoplasmic determinant v, which increases efficiencies of 
ochre!??* and some frameshift * suppressors but has no effect on 
amber suppressors’; ochre mutations were more readily 
suppressed by antibiotics in W* strains than in # strains. Since 
all the ambér mutants were ф 7, апа the ў state of UGA mutants 
was not determined, we do not know if the $t genetic deter- 
minant facilitates phenotypic suppression: of. UAG and UGA 
mutants. ` К 
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Of the aminoglycosides listed in Table 2, only hygromycin B 


‚ (ref. 16) and destomycin А (А. S., unpublished) inhibit the 


growth of S. cerevisiae on glucose nutrient medium. These are 
structurally similar, destomic acid-containing antibiotics. We 
have selected a large number of mutants resistant to hygromycin 
B; they are recessive and represent at least three lemen- 
tation groups. The mutants exhibited a wide variation in the 
level of phenotypic suppression, ranging from the wild- -type 
response to complete restriction. Two examples are shown in 


Fig. 1. The resistant mutant (C) isolated from the #p5-48 strain 





QUU 1 5 16 50 100 500 
‚ АлЧЫодис concentration (ug ml- ') 


Fig. 2 - Effect of aminoglycoside antibiotics on misreading in 
poly(U)-directed yeast cell-free protein synthesis. The 80S ribo- 
: somes and supernatant factors were prepared from wild-type yeast 
as described earlier!" . Тће reaction mixture for poly(U)-directed 
incorporation of phenylalanine and leucine contained, in 50 yl: 
‚ 50 mM Tris-hydrochloride, pH 7.7, 12.5 mM magnesium acetate, 


phokinase ші! , 250 ig yeast tRNA ml, 
2mM adenosine 5'-triphosphate, 0.1 nM guanosine 5'-tri- 
: uM. 'C-phenylalanine (specific activity 486 mCi 
mmol ?), 22M M locas (specific activity 8.8 Ci mmol’), 

Ao tes ea Pos supernatant 
enzymes per ml. Reactions were carried out at 30°C for 45 min. 
50 pl of 1 M NaOH was added and the mixture was incubated for 
An additional 20 min. After addition of one ml of 10% tri- 
: chloroacetic acid the resulting tate was collected on glass- 
fibre filters (Whatman GF/C), washed with 5% trichloroacetic acid 
-and dried. Radioactivity was determined in а toluene-based liquid 
scintillation solution. Absolute amounts of poly(U)-directed 
Incorporation of phenylalanine and leucine were determined. The 
data are presented as ratios of misreading observed in the presence 
of the antibiotics to that found in their absence. As a typical value, 
the ratio?of 1 corresponds to misreading (Leu/Phe ratio) of 4x 
10^? which in turn to the incorporation of 50 pmol 
phenylalanine and 0.2 pmol leucine. О, Hygromycin; В; @, livi- 
domycin В; A, paromomycin; Г, streptomycin. : 


(А) had a reduced level of suppression by hygromycin B. On the 
other hand, the hygromycin B-resistant mutant (D) isolated 
from met8-1 strain was not detectibly suppressed by any of the 
antibiotics active on the parent strain (B). 

We have tested several aminoglycoside antibiotics for trans- 


. latlonal misreading, as detected by incorporation of leucine 


directed by poly(U) which does not contain leucine condons. As 


‚ shown in Fig. 2, hygromycin B, paromomycin and lividomycin 


B, all of which caused phenotypic suppression, stimulated mis- 
reading 2- to 3.5-fold. The same drugs caused misreading when 
added to'a natural mMRNA-stimulated system (L. Gritz, unpub- 
lished observation). Streptomycin, which does not suppress any 
of the nonsense mutations, had no effect on eukaryotic trans- 
lation. The mechanism of misreading by aminoglycoside anti- 
biotics is not known; the interactions between these drugs and 
pro- and eukaryotic ribosomes are presumably different, since 
different structure-fiinction relationships are involved. The 
analysis of the ribosomes of resistant mutants should be 
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Table2  Aminoglycoside antibiotics tested for phenotypic suppression 


activity 





Not active 


Butirosins A and B 


Antibiotic class Active 


The 4,5-disubstituted 
deoxystreptamine 
antibiotics 

The 4,6-disubstituted 


deoxystreptamine 
antibiotics 


Neomycins B and C, 
lividomycins A and B, 
paromomycin 

Kanamycins A and B, 
tobramycin, 
gentamicins X», Cia, 

Сз, А; sisomicin 

Destomycin A, 


Kanamycin C, 
gentamicins A, B 
C, Az 


The monosubstituted 


deoxystreptamine hygromycin B 
antibiotics 
Others Fortimicin A, 
kasugamycin, 
streptomycin 





profitable in this respect. Hygromycin B has been shown to be an 
inhibitor of translocation in eukaryotic translation'* and slowing 
of this process by the drug may increase the rate of incorporation 
of incorrect amino acids. 

Our studies provide a basis for the genetic and biochemical 
analysis of mutants which may affect fidelity of translation in 
yeast and it should be possible to isolate and analyse mutants of 
the ribosomal ambiguity type in S. cerevisiae that have been 
exploited by Gorini and his coworkers in E. coli. In addition, 
antibiotic-induced phenotypic suppression may provide a con- 
venient and quick screening method for nonsense mutants in 
eukaryotes. Paromomycin is a potent agent for phenotypic 
suppression and causes mistranslation in vitro, but has no 
measurable affect on S. cerevisiae growth. If the two processes 
are related, this eukaryote must be capable of tolerating exten- 
sive translational errors without apparent harm. This raises an 
interesting point with respect to the error catastrophe theory of 
translation errors in ageing. 

We thank Edward Palmer, J. Wilhelm and F. Sherman for 
their willingness to exchange information on this subject and 
Drs G. Fink and M. Culbertson for the UGA mutants. This work 
was supported by NIH grant A112448 and Viral Oncology 
Training Grant T32-CA -09075. 
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Phenotypic suppression of 
nonsense mutants in 
yeast by aminoglycoside antibiotics 


STREPTOMYCIN, an aminoglycoside antibiotic, can reverse the 
mutant phenotypes of many nonsense and missense mutations in 
Escherichia coli and in bacteriophage T4. This phenomenon has 
been called phenotypic suppression, since the mutant phenotype 
returns after removal of the drug'. The most likely explanation 
for phenotypic suppression is that streptomycin promotes 
mistranslation in vivo, and that acceptable amino acids are 
inserted into the growing polypeptide chain at the site of the 
mutant codon. Consistent with this view is the observation that 
streptomycin causes E. coli ribosomes to mistranslate RNA in 
vitro^?. Streptomycin and neomycin have however been found 
to have no effect in stimulating ribosomes from eukaryotic cells 
to mistranslate RNA in vitro*?. A subclass of the amino- 
glycoside antibiotics has been shown®” to stimulate eukaryotic 
ribosomes to misread RNA. The highly active molecules are 
distinguished in that they contain the drug fragment 
paromamine (or 3'-deoxyparomamine). We have therefore 
examined the capacity of various aminoglycosides to suppress 
mutations phenotypically in the eukaryotic yeast, 
Saccharomyces cerevisiae. The results presented here show that 
paromomycin, which contains paromamine, is capable of 
phenotypic suppression of the nonsense mutations in S. cere- 
visiae. 

The data of Fig. 1 show the relative ability of various anti- 
biotics to suppress the methionine requirement of a yeast strain 
carrying the amber mutation met8-1. It is clear that in the 
presence of streptomycin, distilled water or cycloheximide, only 
rare isolated revertants appear, whereas paromomycin, one of 
the paromamine-containing drugs, supports a dense mat of 
growth around a paper disk containing this antibiotic. Although 
it is not obvious in the figure, neomycin causes a limited ring of 
growth around the disk. 

Singly-cloned cells from the plate containing paromomycin 
were isolated and tested for their methionine requirement. All 
of the tested clones were still auxotrophic for methionine, 
indicating that paromomycin had not induced any permanent 
revertants. Additional nonsense mutants were tested for their 
ability to be phenotypically suppressed. The results (Table 1) 
indicate that 14 of the 17 mutants tested can be phenotypically 
suppressed with paromomycin, whereas only six mutations are 
suppressed with neomycin, albeit weakly. The mutations 
suppressed by paromomycin represent lesions in eight different 
metabolic pathways and in 11 different structural genes. It is 
therefore highly unlikely that paromomycin is directly supplying 
the growth requirements for all of the mutants. Paromomycin 





Fig. 1 Approximately 10” cells were plated on synthetic media"? 

containing no methionine. A paper disk, saturated with 7 pmol 

(5 mg except cycloheximide 2 mg) of antibiotic, was placed in the 

centre of each plate and the plates were incubated at 30 °C for 3 d. 

Sm, Streptomycin; Nm, neomycin; Pm, paromomycin; Chx, 
cycloheximide; O, distilled H;O. 
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Fig. 2 Yeast cells (stram HL100-1C) were grown in standard “ 
nutrient medium (156 yeast extract, 2% peptone, 2% dextrose) to 
8x 10 cells ml’, collected and washed twice with distilled Н.О. 


The cells were resuspended in homogenising buffer (20 mM 
HEPES, 4 mM Mg acetate and 100 mM KC, pH 7.6) and dis- 
rupted with glass beads in a Braun mechanical cell homogeniser. 
The preparation of the extract and the conditions for cell-free 
protein synthesis are described elsewhere’. The final cohcen- 
trations of Mg acetate and KC in these yeast cell- -free systems were 
15 mM and 100 mM respectively. a, Pol t misin- ' 
corporation of leucine; paromomyan (8), neomycin (О); strep- 
tomycin (A). 5, Poly(U)-dependent incorporation of phenyl- 
alanine, paromomycin (@), neomycin (О), streptomycin (a). 


. ай suppress All three: Беакл codons: UAG: 
UAA and UGA (Table 1). The strongest growth response to 
paromomycin was given by the markers met8-1 and trp5-48, 
neither of which mutation could be рака by streptomycin 
(Fig. 1 and data not shown). 

Growth in liquid cultures indicates that paromomycin can 
exert, su ion at concentrations as low.as 50 pM 
(35 ng ml" ). The concentration of paromomycin for optimal 
suppression of most mutations 1s approximately 100 pM. 


Cell-free translation systems were prepared from yeast and 


the ability of paromomycin, neomycin and streptomycin to 
cause in vitro misreading was measured by the misincorporation 
of leucine with a poly(U) template (UUpyr codes for phenyl- 
alanine, whereas CUN and UUpur, code for leucine). The data in 


' Fig. 2a show that paromomycin is active in stimulating leucine .. 


errors, yet streptomycin has no activity. Neomycin can stimulate 
leucine errors, although its activity is substantially weaker than 
that of paromomycin, especially at low concentrations. The data 
of Fig. 2b show that concentrations of neomycin which stimulate 
misreading also inhibit protein synthesis, whereas paromomycin 
stimulates mistranslation without' inhibiting cell-free protein 
synthesis. This inhibition may account for the very limited 
phenotypic suppression seen with neomycin, even though the 
drug has some misreading capacity in vitro. 

Phenotypic suppression can’ occur by -several distinct 
mechanisms. The phenotypic reversal. of mutant characters in 
yeast by hypertonic media is interpreted as an elevation of the 


osmotic pressure optima of certain mutationally altered pro-- 


teins’. 5-Fluorouracil.and related: analogues are believed to 


ti 
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aminoglycoside antibiotics, 

С й Growth supported by antibiotic 
Marker and type Paromomycin Neomycin 
UAG У 

mets.1 + trace 
. aro7-1 * trace* 
ilv1-1 * 0 
1-1 + 0 
ado3-26 + 0 
UAA, 
lys1-1 * 0 
.trp5-48 + trace 
2de2-1 0 NDt 
his5-2 trace" 0 
` ora4-1 0 ND 
lys2-1 + 0 
iv1-2 + 0 
'oargt-17 0 ND 
fou2-1 + trace 
UGA 
, leu2-2 me У + trace* Я 
12-101 x + trace 
his4-166 trace* 0 


S$ 

Nonsense mutations in S. cereoinae which can be suppressed with 
paromomycin or neomycin. Cells were plated on the appropriate omis- 
sion media for the indicated markers and incubated for 7 d with antibio- 
tic containing disks as described for Fig. 1. 

* Phenotypic suppression of the indicated marker only seen in cells 

containing the extrachromosomal element 4* (in preparation). 

a riri iium 


reverse mutant phenotypes in bacteria^!? and in Neurospora 
crassa"! temporarily, by incorporation into mRNA, resulting in 
the pairing of 5- fluorouracil containing codons with incorrect 
tRNAs. ' 

Since the paromamine-containing aminoglycosides bind to 
the cytoplasmic ribosomes of Tetrahymena and wheat embryos 


: (unpublished observations), and since these drugs presumably 


bind to the cytoplasmic ribosomes of yeast, the suppression of 
many ‘nonsense mutants by paromomycin reported here 
suggests that phenotypic suppression in eukaryotes can occur 
with agents which affect directly the functioning of the ribosome. 
It should be noted that Bayliss and Vinopal’? reported the 
suppression of an Ais! missense mutant with streptomycin; 
however, extremely high concentrations of streptomycin were 
required to exert this suppression. It seems as if phenotypic 
suppression requires a 300-fold higher concentration of strep- 


tomycin, relative to paromomycin. 


The paromamine-containing drugs should thus be useful in 
the isolation ‘and characterisation of ribosomal mutants of 
eukaryotic cells which are altered in their translational fidelity. 
In addition, these agents should be helpful in the isolation of 
nonsense mutants and nonsense suppressors in eukaryotic 
organisms other than yeast. Most importantly, however, the 
paromamine-containing aminoglycosides should make possible 
a close examination of the consequences ei protein synthesis 
errors in eukaryotic organisms. 

This investigation was supported by Eras from the NIH and 
DOE. J.M.W. is a recipient of a Research Career Development 
Award (SK04 CA00061) from the NCI. E.P. is a medical 
scientist trainee and i is supported by a PHS training grant. 
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X-ray absorption edge fine structure 
spectroscopy of the 
active site haem of cytochrome c 


THE new technique of extended X-ray absorption fine structure 
spectroscopy (EXAFS)! offers promise of detecting small 
changes in conformation around a central metal atom at the 
active site of a metalloenzyme, and of relatirig such changes to 
the catalytic mechanism. An advantage of EXAFS studies over 
X-ray diffraction is that they can be carried out in solution at 
physiological pH where the protein can freely interact with its 
substrate. We describe here EXAFS measurenients aimed at 
detecting conformational changes during reduction of horse 
heart cytochrome c. 

Figure 1a shows the EXAFS-spectrum of reduced cyto- 
chrome c at pH 7, 20°C, plotted against wave vector k = [0.263 
(E—E,)]'”. E and Е, are the X-ray photon and iron K-edge 
energies in eV respectively. X-ray photons with enérgies 
comparable to or larger than the Fe-1s-electron binding energy 
(Eo) are absorbed by the iron thereby promoting the 1s electron 
to empty bound states (K-edge region) or into the continuum 
(EXAFS region). Two kinds of information can be deduced 
from an X-ray absorption spectrum. First, from the K-edge 
region information regarding the electronic state of the iron in 
the porphyrine frame and second, from the oscillatory region 
(EXAFS region) the mean bond lengths between the iron and its 
nearest neighbours (relative to a model compound used as 
standard). The technique has been reviewed їп detail else- 
where’. 


Table 1 К, = К, – а/2 for the first coordination shell [four pyrrole 
nitrogens, one nitrogen from His 18 and one sulphur from Met 80 (at low 
pH) or one nitrogen from Lys 79 (at high pH)] е 





Reduced cytochrome c, pH 7*t | 1.4740.03A 
Oxidised cytochrome c, pH 7* 1.47+0.03 A 
Oxidised cytochrome c, pH 10 1.40+0.03 А 


Values as obtained from maximum energy transforms’. The indrvi- 
duals atoms of the first coordination shell cannot be resolved. 

* In 0.1 M sodium phosphate buffer. 

1 Reducton was achieved by adding an equimolar amount of L 


ascorbate. 
t In 0.1 M glycine buffer. 


In native conditions (pH 7, 20 °C) the iron of cytochrome c is 
sixfold coordinated. Positions five and six are occupied by the 
e-nitrogen of His 18 and the sulphur of Met 80 (ref. 2). In this 
state it can be reversibly reduced and oxidised. The molecular 
details of this process are not fully understood. From antibody 
Fab fragment binding studies" it is known that human cyto- 
chrome has two different binding sites for the cytochrome c 
oxidase and the succinate cytochrome c reductase. The question 
has been raised as to whether there is a conformational change 
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Wave vector k (A~?) 


Magnitude of maximum entropy transform 
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Fig. 1 Iron K-edge fine structure spectrum of reduced horse heart 
cytochrome c, pH 7, 20°C in 0.1 M sodium phosphate buffer. 
Concentration of cytochrome c is ~20 mM (a). The oscillation of 
the absorption cross section u 1s described by the semi-empirical 
formula К 

к-не УМ т) D). sin [2(R,—0/2)k +b] 

Ho т К.К, 
по is the absorption in the absence of backscattering and k is the 
photoelectron wave vector. N, 1:5 the number of backscattering 
atoms in the sphencal shell of radius R, surrounding the absorbing 
iron. f(k, w) and D(k) are the back-scattered amplitude and the 
Debye-Waller factor respectively. The maximum entropy trans- 
form’ of the spectrum will as a function of the transformation 
. parameter R' show peaks at R, = R,—a/2 (b). The phase shift a/2 
тї given by the electronic inner shell properties of the absorbing and 
beckscattermg atoms and was therefore assumed to be the same for 
all samples measured. Changes in R, are then equal to a cor- 
responding decrease or increase in R, The two small peaks in the 
transform at R'=0.6 А and 1 A are spunous and come from an 

` improper background removal (шо). 


on reduction? which modulates the binding affinity of the two 
sites to their respective substrates. The latest X-ray diffraction 
results* on cytochrome c have a resolution of 2 A and report the 
structures of ferric and ferrous cytochrome c from tuna which at 
this resolution do not differ significantly apart from the con- 
formations of a few surface side chains. The early ferric horse 
heart map? showing considerable orientation changes in aroma- 
tic side chains and a slight main chain rearrangement to the first 
ferrous tuna тар? is now believed to be incorrect. 
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The local resolution that can be obtained in EXAFS 
measurements is considerably higher than by X-ray diffraction. 
Any conformational change, occurring on reduction is expected 
to be triggered by the haem. Table I shows the uncorrected 
values R, (see legend to Fig. 1 for the definition R' of Ri) for 
the distance of the first coordination shell from the iron. These 
values were obtained by calculating the maximum entrop 
transform” of the EXAFS spectra as described previously". 
The magnitude of the transform is plotted as a function of the 
transformation parameter R’ in Fig. 15. We estimate from their 
reproducibility that the R, values are accurate to +0.03 A. 
Within these limits we cannot see a conformational change in the 
haem region on reduction. On the other hand, H-exchange 
experiments? on horse heart cytochrome c show that the 
number of slowly exchanging amide protons is significantly 
higher for the reduced protein. This is interpreted by the 
authors? as unambiguous indication of a conformational rear- 
rangement. In view of the current high resolution EXAFS 
results we would rather suggest a change in the amplitudes of 
some low frequency vibrations. The oxido-reduction then shifts 
the equilibrium between two conformers 


R? Е+ 
(R standing for rigid and F for flexible) with almost the same 
time averaged coordinates. Such a ‘conformational’ transition 
can be brought about by a variation in bond density (rather than 
bond length) between the iron and its ligands. It is known that 
the haem plays an important part in stabilising the folding and 
that apo-cytochrome c does not fold at а! Also the binding of 
Fig. 2 Iron K-edges and K-edge derivatives of reduced and 


ondssed cytochrome c and pH 7, 20°C in 0.1 M sodium phos- 
phate. Cytochrome c concentration 1з 20 mM. 


Absorption cross section и 





Derivative du/dE (arbitary units) 





7,110 


7,120 


7,130 


Photon energy (eV) 
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ТаЫе 2 Cytochrome c K-edge inflection point energies relative to the 
third inflection point of the K-edge of an iron foil (defined as 7130 eV) 


Oxidised Reduced 
cytochrome c cytochrome c 
18-44 1s-4p 12—44 1#-4р 
pH 1.5 —2.4 eV +1.56V Unstable 
pH 7.0 —3.46V T1.6eV —4.8eV +0.2 eV 
pH 10.5 —3.1eV T1.7 eV —4.6eV +0.4 еу 


Buffers: 0 1 M. glycine (low and high pH) and 0.1 M sodium pbos- 
phate. Cytochrome c concentrations range from 20 mM to 35 mM. No 


effect of the concentration on the K-edge positions could be detected. 


N-acetyl-DL-methionine to the haem octapeptide (residues 
1-8) has a smaller dissociation constant for reduced octapep- 
tide", Similarly in ferric cytochrome c ће sulphur atom of Met 
80 ligating the haem at neutral pH is replaced at high pH bya 
nitrogen (most likely from Lys 79)'?. This exchange does not 
occur for ferrous cytochrome c. Table 1 gives the value of R' for 
this high pH ferric form of cytochrome c. The apparent shorten- 
ing of the first coordination shell distance by 0.07 A is marginal 
in view of the estimated uncertainty of +0.03 A for R’. Whether 
the change in vibrational state or flexibility can alter physical 
properties such as the specific binding affinity has to await 
further elucidation. 

Figure 2a shows the Fe-K-edge spectra of reduced and 
oxidised cytochrome c at pH 7. The edge structure is enhanced 
by differentiation with respect to photon energy (Fig. 25). Three 
distinct transitions at photon energies smaller than the 1s elec- 
tron ionisation energy can be seen. These transitions to empty 
bound states have been tentatively assigned to the 1s-3d, 19-48 
апа 1s-4p transitions", As seen from Fig. 2b there is a shift of 
the 1s-4s and 2s-4p transition by +2 eV on oxidation. This 
result is highly reproducible and in its mcst simple interpretation 
argues against extensive delocalisation of the electron added 
during reduction. It is in contradicticn to results published 
earlier’’, in which no change in electronic state was detected on 
oxidation. Moreover, we find practically no effect on the K-edge 
position when raising the pH, resulting in the exchange of the 
Met 80 sulphur by nitrogen. Table 2 gives the complete set of 
energies for the 1s—4s and 1s—4p transitions relative to the 
K-edge energy of an iron foil (7130 eV. 

Note that we could not detect any deg-adation of cytochrome 
c after exposure to the high X-ray flux when checked by the 
optical absorption spectrum ог the kine-ics of ascorbate reduc- 
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Was Venus born retrograde? 


INGERSOLL AND DOBROVOLSKIS! 
have disputed my theory? of the atmos- 
phere of Venus. The key quantity in both 
analyses is the accelerating atmospheric 
torque Ta, evaluated in equations (2) and 
(22) of refs 1 and 2 respectively. The latter 
expression is determined from observa- 
tions to within some 3096, while the 
former contains the unknown 'thermal 
response time' 7 for mass transport in the 
atmosphere, for which the authors suggest 
values between some weeks and infinity. 
But sound waves can travel around the 
planet within some 10? s, hence I expect т 
to be about a day; and for this value, both 
determinations of T4 give the same 
answer. 

The other important quantity is the 
braking solid body tidal torque T3 which 
depends on the average value of the qual- 
ity factor: Q divided by the tidal Love 
number kı. Estimates for Q/4k; range 
from 30 to > 10° (refs 3, 2). In view of the 
different spin rate, chemistry and thermal 
history of Venus, a comparison with Earth 
need certainly not be trusted. An equality 
Т, = Ta can therefore at best be con- 
jectured. In ref. 1, this equality is sugges- 
ted to hold within less than 296, an 
unlikely event without independent 
justification. 

For this and the other reasons put-for- 
ward in ref. 2, I still believe in the law of 
isochronism: that all Solar System secon- 
daries were born with a prograde spin 
period between 5 and 10 h. 


WOLFGANG KUNDT 
Institut fur Astrophysik 
der Universitat Bonn, 
Auf dem Hügel 71 
D-5300 Bonn 1, FRG 


1 Ingersoll A P & Dobrovolis, A R Namme 275, 37 
(1978) 

2 Kundt, W Asr Amropkys 68, 85 (1977) 

3 Gokiresch, P & Poele, S Az J 75, 273 (1970) 


INGERSOLL AND  DOBROVOLSKIS 
REPLY—The questions which have been 
raised concerning the tidal torque on the 
atmosphere of Venus! deserve some 
clarification. 

The atmospheric torque evaluated in 
equation (22) of ref. 2 depends on the 
coefficient of viscosity in the upper 
atmosphere of Venus. Because this is 
undoubtedly dominated by eddy momen- 
tum transport instead of molecular 
diffusion, the coupling between the upper 


and lower atmosphere is uncertain by 
orders of magnitude, not by 3096 as 
claimed by Kundt. 

The thermal response time т is intro- 
duced in ref. 1, to parameterise 
unmodelled effects which tend to damp 
the atmospheric tides. It is not necessarily 
related to mass transport, and has nothing 
to do with the speed of sound waves (an 
entirely separate phenomenon). The main 
conclusions of ref. 1 (see our Fig. 2) are 
based on the undamped case т > œ. 

Regarding the solid body torque, a 
value for Q of the order of 30 is not only 
suggested by analogy with the Earth, 


Moon and Mars, but is required (on the- 


average) if Venus has despun from an 
eriginally rapid rotation, whether pro- 
grade or retrograde. Nevertheless, it is 
true that the near-equality (in the opposite 
sense) of the atmospheric and body tidal 
torque (Т, = T3) is a conjecture. This 
hypothesis was originally advanced by 
Gold and Soter? to explain the nonsynch- 
ronous rotation period of Venus. 

These and similar questions are dealt 
with in greater depth in a forthcoming 
series of paper, as well as in ref. 4. 


ANTHONY R. DOBROVOLSKIS 

ANDREW P. INGERSOLL 
California Institute of Technology, 
Pasadena, California 91125 


1 Ingersoll, А Р & Dobrovobks, A R Nature 275, 37-38 
(1978) 

2 Kundt, W Amr Azrtophys 60, 85-91 (1977) 

3 Gold, T & Soter, 5 Icarus П, 356-366 (1969) 

4 Dobrovoilkm, А R thess, Cahforraa Instituto of Toch- 
nology (1978) B 


An alternative hypothesis 
for the origin of 
West African kimberlites 


MARSH! suggested in 1973, that the alk- 
aline intrusives along the coast of south- 
western Africa occurred where oceanic 
fracture zones extended under the 
adjacent continents. Recently Williams 
and Williams? have used this suggestion to 
attempt to explain the origin of the West 
African kimberlites. Their interpretation 
rests heavily on the accuracy of kimberlite 
and transform fault locations in their Fig. 
1,0n the assumption of Mesozoic ages for 
all of their kimberlites, and ignores the 
important occurrences in the same region 
of pre-Mesozoic kimberlites and alluvial 
diamond deposits. 

Williams and Williams’ hypothesis 
assumes West African diamond deposits 


to be Mesozoic, whereas the deposits in 
Ghana, Upper Volta, the Ivory Coast and 
Mali are Proterozoic or Infracambrian**. 
Their reference to kimberlites in Ghana is 
incorrect. Their location of a ‘kamberlite’ 
in Ghana fits the location of a few 
diamonds in a stream panning exercise’ 
while the largest diamond fields of West 
Africa (placer), located in southern 
Ghana, are omitted Their ‘kimberlite’ in 
Nigeria is a lamprophyre dyke located 
between Zaria and Sokoto (P. J. T. Ver- 
heijen, personal communication). Like- 
wise, their postulated inland continua- 
tions of transform fault zones contradict 
without explanation the generally accep- 
ted trends? of these zones: the Chain and 
Charcot into the Benue trough,” the 
Romanche into the Keta basin bearing 
toward Ibadan,*?° and the St Paul enter- 
ing the I Coast east of Sassandra 
bearing ЕМЕ?! Thus the ages and loca- 
tions of kimberlites as well as the positions 
of transform faults and their postulated 
landward continuations used by Williams 
and Wiliams? disagree with those 
established in the literature, with no 
explanation for this disagreement. 

The geographical pattern of kimberlite 
pipes and the larger diamond placers can 
be more accurately interpreted (Fig. 1) as 
occurring along a primary arc running 
from Ghana through the Ivory Coast and 
Liberia to Sierra Leone’. In such a case 
the occurrence of young kimberlites is 
brought into coincidence with all of the 
much older kimberlites and alluvial 
deposits in the same general region. In 
addition there is a possibility of a second, 
roughly parallel arc extending from 
northern Ghana through Upper Volta, the 
Ivory Coast, Mal and Senegal. Known 
ages of. major deposits along the primary 
arc include the diamonds contained in 
and above Biriman meta-sediments 
(2,200 Myr) in Ghana", the Seguela and 
Kanangono kimberlites (1,429 Myr) in 
the Ivory Coast^", and the Sefadu and 
Koidu kimberlites (140-92 Myr) in Sierra 
Leone®. Along the second arc, the 
Kenieba kimberlites of Mali have been 
dated at 1,072 Myr (ref. 5). The geology of 
these deposits and the age determination 
techniques and results are discussed 
elsewhere" *. Such a long history of pro- 
gressive east to west arcuate diamond- 
bearing belts requires more than an asso- 
ciation between Mesozoic kimberlites and 
post-Palacozoic ocean fractures. 

An equally viable explanation might be 
the existence of a long-lived mantle 
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Fig; 1 Diamond and kimberlite occurrences in West Africa. K designates kimberlites 
(kimberlite belts are denoted with vertical caps and bases), D denotes major secondary 
diamond depomts, d marks minor secondary diamond occurrences. Underlined symbols 
are Precambrian in age, other deposits are younger. Circled symbols are alluvial deposits 
without age determinations; vertically shaded areas are covered with platform or basin 
sediments. Dates are given for diamond distncts in which determinations have been made. 


plume" producing a kimberlitic mag- 
ma", Then the alluvial deposits and 
kimberlites of the primary arc could be 
explained by the slow migration of such a 
plume from Ghana across the Ivory Coast 
to Sierra Leone with a long-term relative 
rate of motion of 0.8mmyr^. The 
deposits on the secondary arc could be 
explained and would be consistent with a 
second but possibly weaker plume located 
north-west from the first plume, roughly 
in line with the Atlantic continental 
marginal intersections of the two arcs. 

Such a hypothesis is consistent with the 
longevity, movement, and episodic nature 
of other hot spots such as the Hawaiian 
Сһаіп! The intrusion through the 
continents .may be more episodic in 
nature, being shut off during periods of 
continental compression and opening up 
during periods of continental tension. 
Following the splitting of Africa from 
South America the rate of relative 
movement. of the plume should have 
increased greatly. This would place the 
present position of the hypothetical 
plume, by extrapolation of the primary 
arc, at St Paul’s Rocks on the Mid-Atlan- 
tic Ridge. This is known to be an active hot 
spot’? and includes rocks with close 
affinities to kimberlites and carbonatites!* 
as well as uplifted mantle material’. 


DAVID A. HASTINGS" 
Ghana Geological Survey Department, 
PO Box 93, Takoradi, Ghana 
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Department of Geology, 
University of South Carolina, 
Columbia, South Carolina 29208 
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H. R. AND R. A. WILLIAMS REPLY— 
Hastings and Sharp! have attempted to 
explain the distribution of Precambrian to 
Mesozoic kimberlites in West Africa by 
means of two long-lived mantle plumes, 
the major one tracking from Ivory Coast 
to Sierra Leone with time. Their criticism 
of our hypothesis? that kimberlites occur 
along fundamental crustal 'fractures 
affected by oceanic lineaments, is unac- 
ceptable, especially as our hypothesis has 
been confirmed by Stracke? in south-east 
Australia, following his visit to Sierra 
Leone. 

Hastings and Sharp have criticised our 
choice of data, particularly the ages of 
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kimberlites, their location, and that of 
transform fracture zones. With regard to 
the first, the reliability of much 
radiometric dating of kimberlites and 
other lithologies is fraught with prob- 
lems*" as shown by kimberlites in Mali, 
Liberia and Ivory Coast. Argument over 
the locations of kimberlites and fracture 
zones probably stems from the small-scale 
of our Fig. 1. However, some loci of our 
hypothetical continental continuations of 
transform fracture zones are ill-defined, 
but this is due to the scarcity of readily 
accessible, reliable Geological Survey 
data in West Africa. We did not include 
the diamond fields of southern Ghana in 
our Fig. 1 because we were discussing only 
the distribution of Mesozoic kimberlites. 
We are fascinated by the Nigerian 
kimberlite which has allegedly become a 
lamprophyre, but this does not subdue our 
hypothesis, as Scoti relates lamprophyres 
to kimberlites by a simple crystal frac- 
tionation process. 

With regard to movement of mantle 
plumes over a period of nearly two billion 
years, we suspect that an arcuate locus 1$ 
facile. The movement of the African plate 
since the Palaeozoic has been roughly 
northwards, as shown by the building of 
the Alps, the age succession of the 
Nigerian Younger Granites, and by 
palaeomagnetism. If Hastings and Sharp 
seriously consider that since the mid-Pro- 
terozoic plate movement relative to an 
assumed hot spot may be described as an 
arc, then we refer them to refs 9 and 10 for 
illumination. 


H. R. WILLIAMS 
R. A. WILLIAMS 
Department of Geology, 
University of Sierra Leone, 
Freetown, Sierra Leone 
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The problem of thrown string 


BASS AND BRACKEN’ have proposed a 
probabilistic model to explain existing 
experimental results on the average length 
between the ends of a string when thrown 
onto a table. The theoretical values 
obtained from their model are not consis- 
tent with the available experimental evi- 
dence. However, the model presented 
scems to be a plausible description of the 
physical situation. We suggest here a 
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modification which takes into account the 
effect of the desire of the experimenter to 
obtain a random set of throws. We argue 
that the experimenter tries in his throws to 
obtain initial distances between the ends 
of the string (by initial we mean the dis- 
tance just before the string begins to fall) 
which follow a uniform distribution. We 
contend that in this case the distribution of 
distances between the ends of the string 
just before it hits the ground is a mixture 
of equal proportions of a uniform dis- 
tribution and the distribution proposed by 
Bass and Bracken’. If this argument is true 
the density function for A, the ratio of the 
distance between the ends of the string at 
the end of each experiment to its total 
length, is 


wA) = 3[Sarc cos A - A(1—A?)] 


This gives E(A)-0.343 and E(A’)= 
0.178 in striking agreement with the data. 
Bass and Bracken suggested that a pro- 
portion of the throws were conducted 
close to the table surface and if this were 
so, their model would give a better 
agreement with the data. It is easy to show 
that 38.5% of the throws are required to 
be near the table surface in order to give a 
good agreement with the experimental 
results. 

We feel that our assumption is more 
realistic. However, the controversy on this 
problem will only be resolved when new 
experimental results are obtained and all 
the details of the experiment become 
available. 


D. SPREVAK 
A. P. ROBERTS 


Department of Engineering Mathematics, 
The Queen's University of Belfast, 
Ashby Institute, Belfast, Northern Ireland 
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BASS AND BRACKEN REPLY—Synge! 
has noted and rejected in passing the 
unfounded hypothesis that all possible 
end-to-end distances D of the string of 
length L lying on the table are equally 
probable (leading to D/L —3). A modified 
version of that hypothesis would be that 
all possible end-to-end distances of the 
string in space (before impact with the 
table) are also equally probable. Taking 
into account the projections of the string 
on to the plane table’, the probability 
density function for the ratio A = D/L is 
then arccosA (leading to D/L = 7/8— 
0.39). The implausibility of the hypothesis 
leading to this distribution is apparent 
from the consideration that the number of 
configurations of the string consistent with 
an end-to-end distance x is much greater 
when x is near 0 then when x is near L. 

If a fraction, p, of the throws conformed 
to our model", and 1 ~ p to the hypothesis 
of equiprobability of end-to-end distances 


(іп space), the resulting probability 
density of A would be the combination 


3 
+ [arc cos A —A(1—-A95] 


+(1— р) агссоѕ А; 


and if p could be treated as an adjustable 
parameter, agreement with observations 
could obviously be improved’. We have 
not been able to find any rational basis for 
such a combination with p # 1. In parti- 
cular, we cannot see that the choice p =} 
would arise from the circumstance that 
“the experimenter tries in his throws to 
obtain initial distances between the ends 
of the string ... which follow a uniform 
distribution" "*. 

L. BASS 

A. J. BRACKEN 


Department of Mathematics, 
University of Queensland, 
St Lucia, Queensland 4067, Australia 
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Is lymphocytic chalone 
activity restricted to a 
spermine-protein complex? 


THE nature of lymphocytic chalones 
which are supposed to be tissue-specific 
but not species-specific inhibitors of cell 
proliferation, as defined by Bullough', 
remains a matter of controversy. They 
were characterised as 50-30,000-dalton 
factors^? but detected also in the lower 
molecular weight range^?. Recently Allen 
et al have proposed spermine as one 
candidate for an in vitro chalone activity. 
Spermine, present in a porcine thymus 
extracts as a protein complex, inhibited in 
vitro lymphocyte mitogenic response only 
when fetal calf serum (FCS) was added to 
the culture medium. FCS seems to act 
through polyamine oxidation, and its 
requirement for the inhibitory activity of 
spermine as well as spermidine was 
confirmed by Byrd er ai.’. On the other 
hand, Rijke and Ballieux? have found a 
chalone-like non-dialysable factor in calf 
thymus extract differing from spermine 
complex in that its in vitro activity was 
FCS independent. 

We have studied a non-dialysable frac- 
tion extracted from bovine spleen charac- 
terised previously as a lymphocytic 
chalone?. We demonstrated that most of 
the activity could be dissociated from high 
molecular weight carriers and recovered 
in a low molecular weight fraction^? 
exhibiting chalone activity. After 
chromatography, this fraction gave a 
purified spleen extract (PSE) whose effect 
was then compared with those of spermine 
and spermidine in mice. PSE (2x25 pg) 
was injected intraperitoneally. Twenty- 
four hours later, spleen, testis, kidney and 
liver cells were incubated with *H-thy- 
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midine. The radioactivity incorporated 
into DNA of cells was significantly 
reduced for spleen (39%, P<0.005) but 
not in liver, testis and kidney cells. PSE 
treatment depressed both the number of 
plaque-forming cells of sheep red blood 
cell-sensitised mice to 80% (P « 0.001), 
as well as cellular immunity to 
dinitrofluorobenzene up to 51% (P< 
0.01), as measured by ear thickness in 
sensitised mice. Conversely, as judged 
from the same tests, no significant 
difference was observed between poly- 
amine-treated mice. These results 
demonstrate that various factors different 
from spermine exhibit chalone activity. 


M. LENFANT 
L. Di GiusTO 
Laboratoire de Recherches 
sur les Maladies du Sang, 
86021 Poitiers, France 


E. GARCIA-GIRALT 
ICIG Hópital Paul Brousse 94800, 
Villejuif, France 
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ALLEN REPLIES—lI believe that inhibi- 
tors of lymphocyte mitosis are not restric- 
ted to spermine-protein complexes. In 
our article! we described how the activity 
of lymphocyte chalone preparations of the 
type originally used by Garcia-Giralt ег 
al? and Lenfant et al’ could be almost 
entirely attributed to the presence of 
spermine. We felt that 'these results 
emphasise the difficulties associated with 
the isolation of a lymphocyte chalone, but 
by no means rule out its existence". 
Several groups, having heeded our warn- 
ing and having now eliminated poly- 
amines from their extracts, are finding that 
inhibitory activity persists. Dr Lenfant's 
material is interesting in that it seems to be 
inhibitory both to the proliferation and 
function of lymphocytes. 


J. C. ALLEN 
The North E Wales Institute, 
Kelsterton College, 
Connah's Quay, Deeside, UK 
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First Paperback Edition 


Agricultural Insect Pests of the 


Tropics and their Control 
DENNIS HILL 


This is a well illustrated textbook on insect and mite 
pests of tropical and temperate crops grown in the 
tropics. It covers all aspects of entomology, 
including a summary of insecticides and how to 
apply them. 


‘This is by far the best book of its kind published to 

date. The practicing agriculturist and students of 

Tropical Entomology will find it a wonderful source 

of information." 

Bulletin of the Entomological Society of America 
£6.95 net 


Studies in Neurophysiology 
Edited by R. PORTER 


This collection of scientific papers on aspects of 
mammalian nervous system function will be of 
interest to neurophysiologists, neurobiologists and 
experimental psychologists, with a particular 
interest in sensation and sensory receptors. 
Distinguished international experts have compiled 
this volume in honour of Professor Mcintyre on the 
occasion of his retirement from Monash University. 
£32.50 net 


Cell-Cell Recognition 
Edited by A.S.G. CURTIS 


Cell-cell recognition phenomena occur throughout 
all forms of life; cells reject and select their own or 
closely related types in embryogenesis, 
regeneration, and various immune processes. Most 
of the contributors to this volume have approached 
the subject by discussing the cell surface where 
cell-cell recognition phenomena usually take place. 


£20.00 net 


The Library of Isaac Newton 
JOHN HARRISON 


The books Newton owned are of considerable 
interest and importance to Newtonian scholars, and 
to historians of science, librarians and book 
collectors. Newton's library was largely dispersed 
in 1920, leaving scholars to rely on inadequate 
catalogues. John Harrison has now compiled a 
complete and comprehensive catalogue of 
Newton's library. £25.00 net 


Gay-Lussac 


Scientist and Bourgeois 


MAURICE CROSLAND 

Gay-Lussac may be regarded as one of the first 
professional scientists with full training and support. 
In his book Professor Crosland reveals how this 
professionalism affected Gay-Lussac's approach to 
science and how he used his science to solve 
practical problems. As well as being a leading figure 
in the French scientific establishment and besides 
his associations with industry and commerce, Gay- 
Lussac played a part in national politics. This book 
will be of interest to historians of science and to 
social and economic historians. £15.00 net 


First Paperback Edition 


A First Course in 
Mathematical Analysis 
J.C. BURKILL 


This straightforward course based on the idea ofa 
limit, is intended for students who have acquired a 
working knowledge of calculus and are ready for à 
more systematic treatment which also brings in 
other limiting processes. 


*. .. itis a pleasure to be able to welcome a book on 

analysis written by an author who has a sense of 

style and who avoids the excessive use of 

symbolism which can make the subject 

unnecessarily difficult for the student.’ 

Proceedings of the Edinburgh Mathematical Society 
£3.95 net 


First Paperback Edition 
Unpublished Scientific Papers 
of Isaac Newton 


Chosen, edited and translated by 
A.R. HALL and MARIE BOAS HALL 


‘It opens up, for most readers, a set of wholly new 
dimensions of Newton's scientific thought, and it 
provides in the editorial introduction a new basis for 
understanding Newton's ideas concerning matter. 
Historians and scientists will be grateful to the 
Halls for having undertaken this labour and for 
bringing to light these neglected aspects of 
Newton's creative efforts.’ Science 
£7.95 net 


The Physics of Vibration 


Volume 1 


A.B. PIPPARD 


The study of mechanical, electrical and acoustic 
vibrations forms part of every basic course in 
physics and engineering. The book is intended to 
bridge the gap between what every scientist should 
know and what only dedicated experts in the field 
can understand. In this first volume the emphasis is 
on simple systems. Special attention is given to 
experiments illustrating the phenomena. The 
mathematical treatment is kept fairly simple, and 
wherever possible the reader is encouraged to 
visualize the behaviour of the system being studied. 
£22.50 net 
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Development of preparative techniques 


A History of Microtechnique. By B. Brace- 
.girdle. Pp. 359. (Heinemann: London, 
1978.) £22.50. 


STUDENTS of the history of biological 
science have devoted considerable atten- 
ton to the microscope, both to the 
mechanical development of the stand and 
to consideration of the resolving power of 
the optics. Very little by comparison has 
been written about the equally important 
topic of the preparation of material for 
examination. This is an essential part of 
microscopy, just as much as interpretation 
of the 1mage produced by the instrument. 
A knowledge of the development of 
‘preparative techniques throughout the 
period in which the microscope has been 
in use is, therefore, desirable. Such 
information, amply provided in this book, 
‘helps the historian decide to what extent 
the performance of the actual microscope 
was a limiting factor in the acquisition of 
data, whether there was a conceptual 
barrier in the mind of the observer or, as 
may prove likely, it was a combination of 
these alied to poor and limited pre- 
parative procedures. For example, some 
‘early techniques for preparing soft tissues 
such as striated muscle fibres involved 
their immersion directly in hot balsam 
resin. As Dr Bracegirdle vividly illustrates, 
„such a preparation dated from 1869 shows 
little recognisable detail even when viewed 
Бу a modern instrument, whereas а mucro- 
scope of 1826 gives. a clear and detailed 
image of a modern stained preparation of 
striated muscle. This practical approach 
characterises the book, whose author 
examined over 40,000 slide preparations 
(some 3,500 in detail) during the course 
of its preparation; in addition he studied 
microtomes and other instruments in 
various collections in this country and 
abroad, and indeed succeeded in operat- 
ing many of them in accordance with the 
instructions provided by their inventors. 

Although there is clear evidence that 
microscopes were used to examine bio- 
logical material from the middle of the 
seventeenth century onwards, few details 
of the preparative approaches used at that 
time survive. This may perhaps be 
attributed to the fact that very little in the 
way of specimen preparation was at- 
tempted, most observers being content to 
examine with incident light the surfaces 
Of objects or to study fine dissections at 
low magnifications. The author considers 
the early efforts at tissuc preparation 








' taking the early period as extending up to 


1830. Only sporadic advances such as the 
invention of clearing agents, the mounting 
of thin. sections of objects between talc 
covers in wood sliders and methods of 
micro-injection are to be found during 
this period. Obviously very few workers 
were taking microtechnique seriously and 
although the microtome, one of our most 
useful preparative tools in microtechnique, 
had been invented, only three examples 
(those of Custance, Hill and Adams) are 
recorded. This early period was, as the 
author comments, devoted to "specific 
advances of varying worth, not assimilated 
into an armoury of techniques generally 
in use"; some advances of great signific- 


,ance were however made, such as the 


introduction of the thin glass coverslip in 
1789. 

The century following the development 
of the achromatic microscope in 1826 was 
a time of great experimentation in micro- 
technique. Many and various reagents 
were tried, together with a host of em- 
bedding media.. Some of these proved 
suitable—for example, paraffin wax and 
celloidin—and bave survived into current 
use, whereas others—such as shellac, 
pulped paper, .copal varnish. and even 
tinfoil—have proved totally unusable and 
have disappeared from current practice. 

Dr Bracegirdle devotes a long chapter 


to a discussion ‘of the development of 


instrumentation in the nineteenth century. 
This chapter is largely an account of the 
mucrotome in its many and various phases 
and represents fascinating reading for a 
modem histologist. 

The development of suitable chemicals 
and instruments.for specimen preparation 
naturally led to the production of a large 
literature, much of it in.German, dunng 
the nineteenth century. In his survey of 


reviews 


Savile Bradbury 


this aspect of the subject, the author makes 
8 very interesting comparison between the 
attitudes in England and on the continent 
of Europe between 1830 and 1910. In this 
country it was clear that the gifted amateur 
reigned supreme in the use of the micro- 
scope, pursuing the ultimate in resolution. 
The perfection. of mounts (usually of 
diatoms) which allowed this seemed to be 
the aim. On the continent, especially in 
Germany, the value of the microscope 
was appreciated for the help that it could 
provide in elucidating the structure of 
both normal and diseased tissues. This 
was reflected in the rapid development of 
microscopic histology 'in the medical 
schools on the continent and by the con- 
tributions of workers such as Purkinje, 
Henk, Kölliker and Virchow. 

This is a fascinating book, not only for 
the historian of science but also for the 
general histologist. It uses the history of 
microtechnique, as it developed in the 
nineteenth century, to pose the question 


.whether many of the workers were not in 


danger of developing sheer technique and 
procedure dt the expense of careful 
observation and experiment. Such a 
question is still relevant today. 

The book is well produced and contains 
both name and subject indices, together 
with citations of over 1,000 original books 
and articles. The illustrations are all by 
the author; many are of material from his 
own extensive collection and are of a 
high standard, although some may find the 
placing of all the plates together in two 
adjacent signatures irritating. 

Here we have a work which 15 sure to 
remain the standard reference in this field 
for many vears to come. 0 


Savile Bradbury із Lecturer іп Human 
Anatomy at the University of Oxford, UK. 


Implications of artificial intelligence 


Computer Revolution in Philosophy: 
Philosophy, Science and Models of Mind. 


‚ By A. Sloman. Pp.304. (Harvester: 


Brighton, UK, 1978.) Hardback £12.50; 
paperback £5. 50. 





THis 15 an untidy, un-pompous, exciting, 
iconoclastic and exasperating book. The 
author, a professional philosopher as well 
as a research worker in artificial intelli- 
gence, is scathing about much of the 
prevailing methodologies ‘of science, 
especially psychology and the social 


Sciences generally, but his approach is 
perhaps best indicated by the following 
quotation in regard to philosophy: 


"] am prepared to go so far as to say that 
within a few years, if there remain any 
philosophers who are not familiar with 
some of tbe main developments in artificial 
intelligence, 1t will be fair to accuse them of 
professional meompetence, and that to teach 
courses in philosophy of mind, epistemology, 
aesthetics, metaphysics, and other main areas 
of philoso oaophy, without discussing the relevant 
aperis of artifical intelligence will be as 

nsible as 
piya which i 


ving a degree course in 
udes no quantum theory." 
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I am not competent to pass judgment 
on this sweeping prophecy, but there is no 
doubt that much interesting and con- 
vincing evidence and arguments tending 
to support it are presented. And on the 
way, a host of intriguing ideas and 
speculations, the majority of them not 
followed up alas, are thrown up. 

Here, only a few examples can be 
given. Few philosophers of mind, not to 
mention neuropsychologists and experi- 
mental psychologists, have yet taken on 
board the insight provided by the fact 
that the same cognitive computer pro- 
gramme can be run successfully ‘on 
different computers with quite different 
basic components and architecture. Im 
other words, the specifically mental part 
of the system is in an important sense 
quite independent of the physical part 
(which of course is not to say that it can 
operate without a physical part). How 
this comes about, the notions of “virtual 
machine", and of levels of representation 
of the activity, connected by translators, 
compilers and interpreters, are of signi- 
ficance here. Consider also the implica- 
tions for the doctrine of reductionism in 
the philosophy of science. If biological 
processes are computational processes 
running on а. physicochemical system, 
then it 1s not necessarily the case that the 
nature of the physical world determines 
them. i 

Another important notion for the 
psychology and philosophy of mund is 
that of systems and mechanisms which 
have the property of "mutual recursion”, 
that is, the relationships between any 
parts of the system are not confined to 
being disjoint, or part-whole or over- 
lapping, but A can be a part of B which is 
at the same time a part of A, infinite 
regresses being avoided by .stopping 
conditions. A characteristically fascinat- 
ing aside of Sloman's here 1s the sugges- 
tion that neglect of this aspect of the 
mind might have.profound implications 
for educational practice, in that cumu- 
lative educational programmes may be 
misguided: teachers should not be 
surprised at pupils getting things wrong 
when they are in the midst of learning a 
collection of mutually recursive concepts. 

An example of how tantalising the 
author can be is in a chapter which 
contains a most original and searching 
analysis of the relationships. between 
inferences of the analogical type, such 
as those using diagrams, in contrast to 
the more usual “logical” types. -In the 
middle he makes the very interesting 
suggestion, without following it up at all, 
that the essence of our notion of causality 
may be the following: we talk of causes 
when we believe there is a representation 
of the process (in the analogical or other 
form) which enables the effect to be 
inferred in the broader sense of "logic" 
he has been developing. , 

In the hope that the above has given 
some sense of the flavour of the book, 


I shall now give a very brief summary of 
its contents. The first section deals with 
the aims of science and its relation to 
philosophy, putting the emphasis on the 
study of possibilities rather than the 
search for laws, and on conceptual 
analysis; it incidentally argues for a 
closer community of aims among philos- 


. Ophy, science amd technology. The next 


section first attempts (in a very ambitious 
way) to sketch the structure of a mech- 
anism of general intelligence. Three 
successive chapters then discuss intuition 
and analogical reasoning, learning about 
numbers and its bearing on the many 
and very diverse philosophical views on 
the nature of number, and perception 
as a computational process. It seems clear 
that the latter topic (in which Sloman's 
own research has been mainly con- 
centrated) has'been the one that has 
stimulated his thinking most. The final 
chapter discusses a large set of classical 
problems of phulosophy in the light of 
our.present understanding of artificial 
intelligence. These include universals, 
free will and determinism, mathematical 
knowledge, and aesthetic experience. 

‘The main criticism one might make 
of the book, as has probably already 
occurred to the reader of this review, 





Mathematical 
approach to vectors 


Vectors in Three-Dimensional Space 
By J. S. R Chisholm Рр.293. (Cam- 
bridge University Press: Cambridge 
and London, 1978.) Hardback £15; 
paperback £4 95. ` 


Few can appreciate a Beethoven 
sonata by merely reading the score. Jt 
needs to be played by a gifted inter- 
preter. Ease and familiarity with math- 
ematical ideas come quickly to only a 
few. Many of us need to develop math- 
ematical skills, but such skills are pre- 
cariously based if we have no apprecia- 
tion of the underlying mathematical 
logic: The interpreter is needed here 
too and J. S. R Chisholm has demon- 
strated yet again that he has this gift 
His book with Morris Mathematical 
Methods in Physics—now sadly out of 
print—was a model of its kind: clear 
and readable but paying attention 
always to the rigorous basis of the tech- 
niques. This new volume is aimed more 
directly at the mathematics under- 
graduate but it should be one of the 
‘Iecturer’s textbooks’ for anyone teach- 
ing vectors to scientists and engineers 

Too often а. mathematician’s 
approach to vectors -begins with an 
assertion of the general algebra of 
vector spaces, leaving the student to 
find analogies, if he can, with the 
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js that it tries to cover too much, with 
the result that it spreads itself too thin 
over the large majority of the issues it 
raises, and gives the impression of making 
sweeping judgments without sufficient 
backing. Sloman also has a maddening 
habit of producing frequently lists (some- 
times as long as fifty items) of questions 
for the readet, most of which are indeed 
interesting and pertinent ones, but of few 
of them does he say anything more. In 
addition, nearly every one of them would 
probably require at least a day’s solid 
thinking on the reader’s part to get any 
benefit from. Also, future editions of 
the book (which I am confident will be 
called for) would:be improved by correc- 
tion of the inordinate number of mis- 
spellings, removal of howlers like attribut- 
ing the explanation of the equivalence 
of mass and energy to the theory of 
general relativity, or stating that super- 
conductivity was explained ' before it 
was observed, and also improving the 
legibility of the legends of the diagrams. 


, 





Bernard Meltzer is Professor of Com- 
putational Logic in the University of Edin- 
burgh, UK. 


1 





world of three dimensional vector 
quantities in which he lives This book 
maintains a healthy link with intuition. 
The axioms of vector space algebra are 
introduced from the start, but the 
three-dimensional geometrical interpre- 
tation of them takes up much of the 
text, with line-drawings to illustrate 
many of the arguments. 

The relationship between vectors 
and vector-quantities is clearly 
explained. After establishing the 
axioms and discussing the products of 
vectors, there is a chapter in which 
geometrical examples are used to iljus- 
trate the relationship of vectors to 
matrices, tensors, the rotation group 
and general linear transformations. 
Vector calculus is introduced with a 
discussion of the geometry of curves 
and surfaces, going on to the the dif- 
ferential geometry of curves, surface 
integrals and volume integrals. 

The final chapter on vector analysis 
introduces the div grad and curl of 
scalar and. vector fields in three dimen- 
sions, with Stokes’s Theorem (a more 
rigorous proof is given as an appendix), 
the Laplace operator and related 
theorems i 

Most ,subsections of each chapter 
have worked examples and up to seven 
or eight problems. Short answers to 
many of the problems are given at the 
back of the book. 

David J. Miller 





David J. Miller is Lecturer in Physics at 
University College, London, UK. . 
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| In this definitive work, Wever establishes the evolu- | 








THE REPTILE EAR 


Its Structure and Function 
ERNEST GLEN WEVER 


tionary importance of the reptile ear as the origin of 
the higher type of auditory apparatus shared by man 
and the mammals. Tracing the development of the 

auditory receptor in the living reptiles, he examines 
the use of a variety of mechanisms and principles of 
action by that receptor. 872 illus. £31.30 
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FOOD WEBS AND NICHE SPACE 
JOEL E. COHEN 

This book presents a new technique for obtaining a 
partial answer to an elementary question about niche 
space. The question is: what is the minimum dimen- 
sion of a niche space necessary to represent the 
overlaps among observed niches? Cohen bases his | 
technique on a relation between the combinatorial | 
Structure of food webs and the mathematical theory 
of interval graphs. Monographs in Population Biol- 
ogy, 11. Cloth, £8.80. Paperback, £4.35 





Princeton University Press 


Cloth, £12.50. Paperback, £4.70 


THE DYNAMICS OF ARTHROPOD 


| topic in astronomy and astrophysics. Jean-Louis 


| physics, 1. Cloth, £25.00. Paperback, £9.40 





CASTE AND ECOLOGY | 
IN THE SOCIAL INSECTS | 
GEORGE F. OSTER and EDWARD О. WILSON | 
In this pathbreaking and far-reaching work, Oster | 
and Wilson provide the first fully developed theory of | 
caste evolution among the social insects. Of impor- | 
tance to the fields of entomology, general evolu- — 
tionary theory, and sociobiology, this study goes be- | 
yond the concentration of previous researchers оп | 
the physiological mechanisms of the insects and їо- | 
cuses instead on the scale and efficiency of their divi- | 
sion of labor. Monographs in Population Biology, 12. | 
i 





PREDATOR-PREY SYSTEMS 

MICHAEL Р. HASSELL 

A large part of theoretical ecology is devoted to un- 
derstanding the basic components of predation. In 
his study of arthropod predator-prey systems, Has- 
sell attempts to show how many of these compo- 
nents may be simply modeled in order to reveal their | 
effects on the overall dynamics of the interacting 
populations. Monographs in Population Biology, 13. 
Cloth, £10.00. Paperback, £4.35 





Introducing a new international 

monograph series in astrophysics 

for researchers and students 

Edited by J. P. OSTRIKER 

THEORY OF ROTATING STARS 
JEAN-LOUIS TASSOUL 

Ever since the first observations of sunspots in the 
early 17th century, stellar rotation has been a major 





Tassoul synthesizes a large number of theoretical in- 
vestigations on rotating stars. Drawing upon his own 
research, Prof. Tassoul also carefully critiques vari- 
ous competing ideas, some of which are evaluated 
here for the first time. Princeton Series in Astro- 
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Catalogue. 
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Oxford University Press 


A History of Technology. 


Volumes VI and VII: The Twentieth D 
c. 1900 — c. 1950: Parts | and Il 
Edited by Trevor I. Williams : 


These two volumes extend.the five-volume History 
of Technology (1954—8), edited by Charles Singer, 
E. J. Holmyard, A. Hall, and Trevor Williams, which 
covers the perlod from the earliest times to 1900. . 
The same gulding principles that were adopted for 
the earlier. yvolumes have been retained for ( 
Volumes VI and VII, but greater emphasis. has 
been placed on the economic, social, and . . 
political aspects in order to reflect their increasing 
importance In the twentieth century. The seven 
volumes will thus be an essential work of - 
reference for all who are concerned with the 





development of technology – In the widest sense – ` 


and with the development of clvilization. i 
Volume VI-£25 Volume VII £27 


Materials for Low | .. bt | 


Temperature Use | | 
D. A. Wigley & Us y 
This book discusses the factors Influencing the. 
mechanical and physical properties of metals, 
| polymers, and composites below room _ 


temperature. Particular attention is devoted tothe 


varlation In their strengths and toughness: Data 
on these properties together with speciflc heats, 
thermal expansion coefficients, thermal * 
conductivitles, and compatibility with Паша 


oxygen of these materlals'are given Intabular.and ` 


graphical form. Illustrated paper covers r2. 95. 
Engineering Design Guides 26 


Ag H 3 


Introduction to Materials 
Science - 
M. Delghton and J. A. Mead 


This book Is intended to emphasize the importance : 


of the properties” of materlals In producing 


efficient designs. The terms used to describe the d i 


properties are defined.and the appropriate test 
methods indicated: The significance of the 
various properties Is discussed In general terms. 
and metallic and non-metallic materials.are 


compared. Illustrated papercovers£3.50. ,· · | 


Engineering Design Guides 27 
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THE DRUGS HANDBOOK | 
Paul Turner and P Volans .. 


pE 
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operation of the health services, and so need to know ` 
something about the drug treatments that patients are ` 
receiving. The number of drugs in existence із already ` 
bewildering, and there is an even greater number of 
drug hàmes, both trade and medical, which can only 


: create à potentially lethal confusion. Moreover, even 


with access to а detalled reference book or a number — 


р of specialist worka, precise Information оп a particular 
: drag can be difficult to trace. - 


‘With these problems in mind, the authors have 


. prepared a dictionary of drugs, arranged In alphabetical 


order of thelr medically approved names, with a trade - 


names Index. Each entry gives a brief description of the - 


uses, actions and adverse effects of the drug — thé sort 


. of Information, that has.been almost completely 


neglected In the nort-specialist area of pharmacology. 
The book Is presented, moreover, In a concise 


. handbook format, for ease of carriage In a briefcasa or 
: capacious pocket It ánoukd prove Invaluable to anyone ` 


(uod hh Hia medica usa ое. : 


Cordis; accurate and up-to-date — Miss W. E. -` 


“ Hector, Senior Lecturer, Queen Elizabeth Coliege-" 


London. 


This project strikes me as a very useful one. іп 
particular the idea of an alphabetical list of medical 
names ів a first clase опе... — a G.P. 


UK Price hardcover £4.96, 0333216721, paperback І 
£1.95, cx dui f : 


i wi 


Ptease order through your local bookseller or In case of 
difficulty write to The Macmillan Press Ltd., Little Essex ` 
Street, London WC2R 3LF. ^ 
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Biology of 
cancer 


Cancer: A Problem of Developmental 
Biology. By G. B. Pierce, R. Shikes and 
L. M. Fink. Pp. 242. (Prentice-Hall: 
Englewood Cliffs, New Jersey, 1978.) 
£11.65. 


11 January 1979 





Reapers of that neglected masterpiece, 
The Crock of Gold (J. Stephens, Mac- 
millan, 1928), will remember the philo- 
sopher's comment (to his wife) on the 
porridge — “Perfection is finality, 
finality is death. Nothing is perfect. 
There are lumps in it" Like the 
porridge, Cancer: A Problem of 
Developmental Biology has some in- 
digestible lumps in it, but for all that 
it is a useful book for those for whom 
it is intended (graduate students). 
Don't be put off by the modest aims 
outlined (one hopes by the publisher) 
on the book cover: 

"The unifying theme of this modern 
approach to the study of tumors is de- 
velopment and neoplasia, treating car- 
cinogenesis as a model of differentiation 
rather than as a neoplasmic entity alone. 
Coverage includes chapters devoted to the 
early development of neoplasms, tumors as 
caricatures of tissue renewal, structure and 
biochemistry of neoplasms, origin of 
neoplastic stem cells, carcinogenesis, gene- 
tics and neoplasia, controls, immunity and 
neoplasms, metastasis, and caner therapy. 

"An appendix concerning various types 
of tumours also is included. Among the 
features: Emphasizes the importance of 
cellular interaction in tumors, showing 
their cellular heterogeneity and control 
mechanisms; Presents an excellent intro- 
duction to the clinical phenomenology of 
cancer, placing more specialized aspects in 
a useful perspective; Organized into a 
logical, unified, and complete volume that 
includes the results of most recent re- 
search; Provides a complete bibliography 
of sources of more specialized information; 
Includes a chapter on therapy and some 
brief descriptions on the commonly 
studied tumors.” 

It does discuss many of these aspects 
but not in exhaustive detail, in its 199 
pages of text. It does not compare in 
depth with Foulds’ Neoplastic Develop- 
ment (Academic, 1969) which is still the 
best general introduction for the specialist 
to the biology of cancer. Cancer: A 
Problem of Developmental Biology is 
designed as an introduction to the field 
and in this I think that it achieves its 
purpose. For the student of biology with 
a general interest in cancer or a neophyte 
about to plunge into some highly 
specialised branch of cancer research, 
Pierce et al. will provide a useful reminder 
that there is more to cancer than mole- 
cules and also remind its readers that many 
of the findings of earlier workers are still 
relevant. 

The faults of the book are superficial 
irritants rather than major defects, but 
nevertheless they are important, particu- 
larly in a book intended for students. 
The emphasis on the interests of the 


authors is understandable and not 
excessive, but the style sometimes grates. 
There has to be a better way of saying 
"respond negatively in terms of growth 
rate", particularly if one wants students 
to learn conciseness of expression. 

A more serious criticism is concerned 
with minor but important inaccuracies 
and omissions. It is easy for a reviewer to 
carp over trifles, particularly when the 
authors are trying to compress a mass of 
information into a small space, but it is 
important not to mislead. A few examples 
wil illustrate the point. The given 
definition of malignant tumours states 
that the malignant cells "are intrinsically 
dangerous because they are rapidly 
growing and quickly cause cachexia or 
they invade and metastasize. The intrinsi- 
cally dangerous cells of malignant 
tumours invariably destroy their host 
unless they are either extirpated or 
killed”. Although this is often so, the 
variation in growth rate of tumours is 
well known as is the whole concept of 
latency in tumours and of carcinoma in 
situ, which are in fact discussed elsewhere. 
The appropriate qualifying clauses would 
clarify the situation—important for those 
using the index to look for a definition of 
malignancy, 

On the experimental side the authors 
suggest that transformation in vitro should 
produce a spectrum of cell lines, some 
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tumour producing, some not—'"an idea 
that has escaped attention", although 
they quote elsewhere a paper describing 
this very phenomenon. Sadly (as the 
paper is one of mine) it is given as à 
reference to work it does not describe, 

In the general discussion on spon- 
taneous transformation in vitro the 
authors fail to mention that this is 
predominantly a feature of some rodent 
cells and does mot occur in species in 
which cells have been shown to have a 
finite lifespan as in Hayflick’s experiments 
with human cells. In the section on 
genetics and neoplasia a statement is 
made that "recently, viral particles, 
similar to those of mouse mammary 
tumour virus, have been discovered in the 
milk of a high percentage of Parsi women" 
(Moore et al., 1971), with the implication 
that these particles are true viruses and 
associated with a high incidence of breast 
cancer in these women. Many would no 
longer accept :hese findings. Other 
examples can be cited. 

In spite of the criticisms this could be a 
useful book but it would be greatly 
improved by a more critical assessment of 
statements, definitions and references. 

L. M. Franks 





L. M. Franks is in tae Department of Clarelfu 
Pathology at the [mperial Cancer Research 
Fnnd Laboratories, London, UK. 





High performance 
liquid 
chromatography 


High Performance Liquid | Chromato- 
graphy. Edited by J. H. Knox. Pp. 203. 
(Edinburgh University Press: Edinburgh, 
1978.) £5. 





Tuis book is based on the material of a 
course on high performance liquid 
chromatography (HPLC) given in 1977 
at the Wolfson Liquid Chromatography 
Unit, of which Professor Knox is the 
director. It represents a commendable 
attempt to put both the theory and 
practice of the subject on a firm physico- 
chemical foundation, which the student 
can use to attack his own problems. The 
main theory of liquid chromatogiaphy is 
compressed into the relatively short 
chapter 2, followed by successive chapters 
on the familiar subdivision of chromato- 
graphic methods according to retention 
mechanism, adsorption,  liquid-liquid 
partition, and ion-exchange (including 
ion-pair) and exclusion chromatography. 
These topics are very fully treated in the 
space available, and each chapter includes 
a table of the appropriate column packing 
materials commercially available. 
Unfortunately the theoretical treatment 


of chapter 2 is rendered unnecessarily 
confusing bv an unfamiliar notation in 
which Vm. the volume of eluent within the 
column, is taken to include both the 
liquid in the interstitial spaces between 
the packing particles and the liquid 
within the stationary phase pores, Al- 
though the pore vclume cancels out in the 
definition of phase capacity ratio k 
(equation 2.2, р5), it can only be valid 
as a mean value in the definition of linear 
flow velocity н (equation 2.3). it leads 
to a new detinition of zone capacity ratio 
k” on p7, which is almost immediately 
abandoned on p8, leading to the more 
usual relationships of equations (2.12- 
2.17). The concept is again introduced 
in the treatment of the column resistance 
factor on pp9-10, This notation is all the 
more surprising, as the authors found it 
unnecessary in their excellent theoretical 
treatment in an eariier book. 

Perhaps the most unfortunate result 
appears however in chapter 7 on exclusion 
chromatography, where an essentially 
simple concept is confused by the intro- 
duction of three definitions for the 
distribution ratio between the phases 
(p69). This chapter also illustrates the 
preoccupation of practitioners of HPLC 
with the exclusion. chromatography of 
synthetic polymers, usually uncharged 
and soluble only in organic solvents. 


` Although there is a brief reference to the ~ 
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exclusion chromatography - of biopoly- 
mers in chapter 7, the treatment is in 
some respects misleading. For example, 
in the case of the gel media used with 
biopolymers, there is an increased zone 
dispersion, which Aas a good theoretical 
foundation in the polydispersity of 
retention sites (that is pores) in the 
stationary phase. This problem has been 
extensively discussed by Ackers and 
others. The consequent poor resolution 
has lead to the virtual abandonment of 
exclusion chromatography for the deter- 
mination of the molecular weights of 
biopolymers by biochemists, who now 
favour electrophoresis in a continuous 
molecular sieving medium for this pur- 
pose. Also contrary to the impression 
given on p76, adsorption problems are 
still severe with many proteins on 
inorganic exclusion media. Polymer 
chemists seem to be indeed fortunate 
in the exclusion media available to them. 

Chapters 8—10 give a very good account 
of the hardware of HPLC, columns, 
injection systems, pumps and detectors. 
Perhaps uniquely, this section also 
includes a discussion on the use of post- 
column reactor systems, which may be 
increasingly used in the future to increase 
both sensitivity and selectivity. Although 
the authors seem to be optimistic about 


the future development of many of the 
presently less common detectors, I feel 
that the current escalation in the cost 
of HPLC equipment may put many of 
these more sophisticated detectors out 
of the reach of any but specialised 
laboratories. From this aspect I consider 
the comparison of analytical’ methods 
in Table 11.1 rather biased in favour of 
HPLC, 'especially as regards specificity 
and cost. For example, a good radio- 
immunoassay can be at least as specific 
as an HPLC estimation, whereas instru- 

mental costs have been overtaken by. 


inflation during the time taken for . 
publication of the book. 


Applications of HPLC, particularly 
to pharmaceutical and clinical analyses, 
and a description of the Wolfson depart- 
mental course experiments conclude the 
book. The all-important topic of column 
packing is excellently covered, although 
late in the book. 

As a comprehensive, modern and 
methodical treatment of all aspects of 
HPLC, this book has few rivals, especially 
Bt its very modest price. 

C. J. O. R. Morris 








C. J. O. R. Morris is Ementus Professor of 
5 Mi ndis ү Biochemistry in the ks 
о, 





Molecular 

damage after 
radiation 

Radiation Effects: ESR ad ENDOR 
Analysis. By H. C. Box. Pp. 280. 


(Academic: New York and London, 
1978.) $24.50. 





Tuis book describes the molecular damage 
which occurs in carboxylic acids, amides, 
amino acids, peptides, proteins, pyri- 
midines, purines and nucleic acids, when 
these substances are bombarded with high 
energy radiation. In addition to the im- 
mediate effect of the radiation, the 
secondary processes are described and 
some overall mechanisms are followed 
through. Most of this information 1s 
derived from a knowledge of what radicals 
are formed, in what yield, how quickly 
they react, and with what. It ıs the unique 
contribution of electron spin resonance 
(ESR) supplemented by ENDOR (a 
special form of nuclear magnetic reson- 
ance which uses the ESR signal as a 
means of detection), which makes this 
study possible. 

The first five chapters describe the 
characteristics of the ESR and ENDOR 
methods. In this part of the book, hyper- 
fine structure and g values are treated 
with fair rigour and the Hückel and 
INDO methods of computing spin 


densities are compared with each other 
and with expemment. The next five 
chapters are concerned with the radiation 
effects and mechanisms while the last 
chapter sets all this into perspective with 
current and projected work on: radiation 
modifiers which might be used in cancer 
treatment; conversion of solar energy into 
chemical energy; the relationship between 
radiation-jnduced carcinogenesis and 
DNA repair processes; and radiation 
damage in electron mucroscopy. 

In general the book is well balanced 
between theory and experiment. It is well 
written and makes a fascinating account 
of our knowledge of the molecular events 
which follow irradiation of biological 
material. There are lots of well labelled 
chemical formulae and plenty of tables of 
data for reference purposes in the text and 
in appendices; these will make the book 
valuable for active workers in this field. 
The reviewer personally favours a 
slightly more experimental approach 
and would have preferred to see a few 
more actual spectra, particularly ENDOR 
spectra and more details of the assign- 
ments on these. Spacé could have been 
found at the expense of some of the 
mathematical detail in the early chapters 
which many readers more familiar with 
cell biochemistry might find difficult and 
unnecessary to follow. J. F. Gibson 


J. F Gibson.[s Lecturer im Chemistry at 
Imperial College, University of London, UK, 
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Non-Specralist on 
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obituary 





Ivor Isaac 


Ivor Isaac, Professor of Botany in the 
University College of Swansea and 
Vice-Principal of the College from 1973 
to 1977 died on 4 August 1978 at the 
age of 63. 

He was a Swansea man born, bred 
and educated in the City. From 
Dynevor School he entered the Uni- 
versity College of Swansea in 1934 and 
graduated with first class honours in 
botany. Isaac then trained as a teacher 
and taught for a short time afterwards 
but in 1940 he was awarded an A.R.C. 
Scholarship to work at Cambridge on 
plant pathology under the supervision 
of Professor F, T. Brooks. Two years 
later, Isaac moved to East Malling 
Research Station as a plant pathologist 
where he continued his studies for a 
Cambridge PhD on the plant wilt 
diseases caused by the fungus Verti- 
cillium: these studies determined Isaac’s 
subsequent career. 

After three years at East Malling, 
Isaac returned to school teaching at 
Cheltenham but in 1947 he was 
appointed Senior Lecturer in Biology 
at Acton Technical College which was 
later developed into Brunel University. 
While there, Isaac was responsible for 
the planning of the new Department of 
Biology at Brunel However, in 1950 
the opportunity came to return to 
Swansea first as lecturer in botany and 
subsequently as reader and professor in 
the University College. There Isaac 
played his full part in the development 
of a rapidly growing department and 
he pursued his researches on Verti- 
cillium wilt diseases so successfully that 
he soon became recognised inter- 
nationally as one of the leading experts 
on this important pathogen. 

Isaac's early work centred on clarifi- 
cation of the taxonomy of Verticillium 
isolates. At that time, there was con- 
siderable confusion because it was not 
clear whether the two most destructive 
pathogens in the genus viz. V. albo- 
atrum and V. dahliae, were forms of 
the same organism or were two distinct 
species. By using morphological, physio- 
logical: and pathological criteria, Isaac 
established convincingly that these 
organisms are distinct species. A dis- 
tinguished fellow worker wrote sub 
sequently that this work brought order 
out of chaos. 

Isaac continued, with the help of 
research students, to study many 


different aspects of the vascular wilt 
diseases caused by Verticillium both in 
the United Kingdom and overseas. The 
studies were extended to a wide range 
of host plants often of great economic 
importance, such as lucerne and potato. 
The studies resulted in a continuing 
series of papers covering the ecology 
and survival of the fungus in the soil, 
the etiology of the disease, methods of 
control and the prevention of dis- 
semination. 

Isaac’s reputation as a plant 
pathologist led to invitations to visit 
and advise in several countries includ- 
ing Italy, Malaya, India and the United 
States. Shortly before his death he was 
collaborating closely with the U.S. De- 
partment of Agriculture on an out- 
break of Verticillium wilt on American 
lucerne crops. He served on several 
committees concerned with plant 
pathology and he played a leading part 
in the establishment of the first Inter- 
national Conference on Verticillium. 

Tsaac was no narrow academic. In 
his early years he was a very consider- 
able soccer player and he captained 
both the Cambridge University team 
and the war-time combined Oxford and 
Cambridge XI. In later years in Swan- 
sea he was always deeply concerned 
with adult education and he frequently 
taught extra-mural courses himself. He 
was a man with many friends. His 
warm sympathetic personality was com- 
bined with high academic ability and 
clarity of thought; these qualities were 
much appreciated by colleagues and by 
students at all levels. He is survived by 
his wife Catherine, by three sons and 
a daughter. J. M. Milton 


D. W. Kent-Jones 


Dr Dovclas WiLLIAM  KENT-JONES, 
O.B.E, F.R.I.C., died peacefully in 
Ealing on 31 August 1978, aged 87. 
He was one of the pioneers of the 
application of science to cereal tech- 
nology and was recognised interna- 
tionally- as an authority on cereal 
chemistry. Indeed his book Modern 
Cereal Chemistry testifies to his 
immense knowledge of his subject. 

In the 1914-18 war he served in the 
Royal Fusiliers, the Special Brigade of 


the Royal Engineers and the Royal 
Flying Corps. It was during this time 
he claimed he learned his great capacity 
for getting on with others, and it was 
this capacity that spurred him through- 
out his long and active life to give 
generously of his time to many pro- 
fessional bodies. Thus he was honorary 
Treasurer of the Royal Institute of 
Chemistry (1946-53) and its President 
from 1955-57. He was honorary secre- 
tary of the. food division of the 
Chemistry Section of the International 
Union of Pure and Applied Chemistry, 
Chairman of the Council of the British 
Industrial Biological Research Asso- 
ciation (1966-70) and its President 
from 1970-72. In 1971 he was awarded 
the biannual Gold Medal of the Society 
of Chemical Industry and in 1974 he 
received the O.B.E. for his services to 
the food industry. 

During the greater part of this time 
he was (until he reached the age of 
75) the senior partner of the highly 
successful analytical and consulting 
chemists, D. W. Kent-Jones and 
A. J. Amos. After the 1914-18 war he 
had been chemist, and later director, 
of a firm in Dover associated with the 
milling and baking industries and in 
1931 he formed the practice, specialis- 
ing in cereals, first from laboratories in 
Dover, later in Ealing, and finally the 
spacious and well-equipped premises in 
Dudden Hill Lane, London 

He learned his baking by working in 
small bakeries after his days work, and 
in 1935 published The Practice and 
Science of Breadmaking. From 1926- 
45 he was the Chief Examiner of Bread- 
making to the City and Guilds of 
London Institute. During 1930-39 he 
travelled and lectured extensively, 
becoming involved in Procea Products 
Ltd. when in the Antipodes and when 
the Company was formed in the UK 
he became a director, and finally Chair- 
man, retiring in 1965. In 1938 
he was awarded the Belgian Affront 
medal, and was made Professor 
honoris causa of the Institute des 
Industries de Fermentation In 1947, 
at the request of the Bread Manu- 
facturers of New South Wales, he 
advised on the setting up of the Bread 
Research Institute of Australia. 

Wherever he went he was interested 
in measuring the qualities of flour and 
their relation to bread, cake and bis- 
cuit baking characteristics and he pub- 
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lished- many papers on this subject. In . 
1949 he gave the Cantor Lectures of 
the Royal Society of Aris. He is well 
known for the development, with his 
colleague W. Martin, of the Flour 
Colour Grader, and the instrumental 
techniques now used in determining 
flour quality owe much to him, and 
his partner’s enthusiasm for techno- 
logical innovations. 

Kay-Jay (аз he was mainly known) 
and his wife bad no children, but 
within the family he gave great affec-. 
ton and loyalty; so too did he to his 
many professional and close friends. 
He found great joy in the companion- 
ship of the Savage Club and after 
retirement, through being given honor- 
ary memberships of the Flour Milling 
and Baking Industries Research Asso- 
ciation, the British Industrial Biological 
Research Association, the American 
Association of Cereal Chemists and the 
Bread Research Institute of Australia, 
as well as the honorary Fellowship of 
the Institute of. Food Science and 
Technology. 

J..B. M. Coppock 


D.. M. Dring 


Dr D. M. Daina, Mycologist, Plant 
Pathologist and Quarantine Officer at 
the Royal Botanic Gardens, Kew, died 
suddenly after a brain haemorrhage on 
26 July 1978 at the age of 46. 

Born in Peterborough he went to 
Exeter University and. obtained an 
external, London B.Sc. (1953). From 


1953 to 1956 he was an Andrew Simons’ 


Scholar at the same University where 
he worked on Mycosphaerella disease 
of cauliflower for which he was 
awarded a Ph.D. (1958). 

This led to a wider interest in plant 
pathology and from 1956 to 1960 he 
was plant pathologist to. the govern- 
ment of Ghana with an additional duty 
to act as Director of the Botanic 
Garden at Aburi, From’ 1960 to 1961 
he was Agricultural Officer to the 
United Nations Food and Agricultural 
Organisation in West Africa working 
on Kaincope disease, spending much 
time in the Camerouns and Togo. 
During his travels he became interested 
in the larger tropical fungi, especially 
those bizarre and brilliantly coloured 
Gasteromycetes belonging to the 
Phallales. 

On return to the United Kingdom 
he was awarded a Senior Research 
Fellowship to work for three years at 
the Royal Botanic Gardens, Kew, on 
the fungi he had collected in West 
Africa. Later in 1965, he joined the 
Scientific Cłvil Service as a Senior 
Scientific Officer and became a per- 


manent member of the staff at Kew, 
where his unique knowledge of plant 
pathology combined with an interest 
in taxonomy of higher fungi were 
invaluable. Indeed his experience of 
tropical plant pathology ideally fitted 
him for the job of Officer-in-Charge of 


- quarantine in a rapidly expanding unit, 


and іп 1973-he was seconded briefly to 
the Government of Fiji to advise on 
the setting up of a quarantine station. 

Donald Dring will be remembered 
for his publications on Gasteromycete 
taxonomy which established him as one 
of the world authorities on this difficult 
group of fungi These contributions 
included floristic studies of the species 
occurring in tropical Africa and Israel. 
He also published, with Dr H. Kreisel, 
a monograph of the genus Morganella. 
However, his chief interest lay in the 
elucidation of the complex structure, 
inter-relationships and taxonomy of the 
phalloids, especially of the family 
Clathraceac. His magnum opus 
Towards a natural re-arrangement of 
the family Clathraceae was in an ad- 
vanced stage of preparation at the time 
of his death and it is hoped to publish 
this in due course. 

Another of his many scientific 
activities involved giving a stimulating 
annual course of lectures on mycology 
to the student gardeners a£ Kew. He 
also took a keen interest in the affairs 
of the British Mycological Society and 
served as a co-editor of their Transac- 
tions from 1978-1971, and for part of 
that time as senior editor. His editorial 
expertise also led to his serving on the 
editorial board of the Kew Bulletin. 
He also served on the Council of the 
Systematics Association. 3 

Donald Dring was а. congenial 
colleague who was always happy to 
take part in and contribute te socíal 
occasions. He had a great interest in 
antiques and enjoyed restoration of 
period furniture. He leaves a widow, 
Vivienne, and two daughters. 

f Derek A. Reid 


A. S. Jack 


ANTHONY Jacx, member of staff of the 
MRC Laboratory of Moleçular Biology, 
Cambridge, died of a heart attack on 
14 July 1978 at the age of 30. 

Born in Newcastle, he was educated 
at Leeds Grammar School and at Peter- 
house, Cambridge, which he entered 
as an Exhibitioner in 1966. After 
getting a First in Part П of the Natural 
Sciences Tripos (Crystallography), he 
went on to the MRC Laboratory of 
Molecular Biology to work for a PhD 
which he received in 1972. He spent 
two years on a Jane Coffin Childs Re- 
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search Fellowship at the Gibbs-Labora- 
tory, Harvard University, and returned 
to the MRC Laboratory in 1974 as a 
junior member of staff. 

Tony Jack's research work centred 
on the structures of large biological 
molecules and methods of solving them 
by X-ray analysis, Although a skilful 
experimenter when the occasion 
demanded, he was, by temperament 
and aptitude, more of the analytical 
type of macromolecular  crystallo- 
grapher, more intrigued by the way to 
the solution than by the results of the 
solution itself. Thus it was no co- 
incidence that he was attracted to 
problems which were non-orthodox at 
the time. His PhD thesis, following 
work initiated by Blow, Rossmann and 
Crowther, deals with the problem of 
how to use for phase determination the 
redundant information present in the 
X-ray intensities of structures made up 
of many subunits. He solved a practical 
problem, namely a two-dimensional 
projection of the structure ‘of the 
protein disk of tobacco mosaic virus, 
thereby pointing the way to the full 
solution of three-dimensional virus 
structures, 

In the laboratory of S. C. Harrison 
at Harvard, he played a key role in the 
earlier stages of the X-ray work on 
tomato bushy stunt virus, among 
other things, using the low resolution 
structure reconstructed from electron 
micrographs to locate the heavy atoms 
used in,the isomorphous replacement 
analysis. | 

On his return to Cambridge, Jack 
turned to the problem of refining the 
structure of the monoclinic form of 
tRNA, solved there earlier. This 
analysis, as well as settling the details 
of the tertiary interactions, led to the 
discovery of certain new correlations 
in nucleotide conformation and showed 
up the magnesium and spermine bind- 
ing positions in the molecule. In an 
extension of this work on tRNA, Jack, 
together with M. Levitt, developed a 
particularly rapid and powerful method 
of refinement, which combines X-ray 
results and energy analysis, The method 
has been applied successfully to a 
number of proteins ag well, and bids 
to become widely accepted. 

Almost none of his friends: or 
colleagues knew of Tony Jack's heart 
condition. Though quiet by nature, he 
was ever energetic and worked with 
astonishing rapidity. He was a man of 
varied interests, As an undergraduate 
he played in the "Pineapple Truck' pop 
group, having built his own bass guitar. 
He was widely read in 18th century 
English literature, he collected its 
authors and was a stout Johnsonian. 
He is survived by his wife, Sharon 
Bellard, a chemical crystallographer, 
whom he met at Harvard. A. Klug 
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Field Theory, Palm Coast, Florida 
(Director, Sanibel Symposia, William- 
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of Physics, The University, Newcastle 
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2-4 April, Vacuum Processes for the 
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2-6 April, Diagnostic Methods in 
Clinical Virology, Guildford (Dr S. A. 
Volkers, Flow Laboratories Ltd, 
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Textiles, Salford (The Administrative 
Assistant, Room 110, Registrar’s Dept, 
University of Salford, Salford, UK). 
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Dept of Metallurgy & Engineering 
Materials, The University, Newcastle 
upon Tyne, UK). 
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Swansea (Dr R. D. F. Bromley, Dept 
of Geography, University College of 
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Plant Science Laboratories, University 
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21-23 May, 4th International Sym- 
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York (Conference Dept, The New 
York Academy of Sciences, 2 East 
63rd St, New York, New York 10021). 


24-27 May, Polyploidy: Biological 
Relevance, Washington (Walter Н. 
Lewis, Dept of Biology, Washington 
University, St Louis, Missouri 63130). 


22-25 May, 13th International Leuco- 
cyte Culture Conference, Ottawa (K. 
Charbonneau, Executive Secretary, 
National Research Council of Canada, 
Ottawa, Ontario, Canada KIA OR6). 


30 May-1 June, 33rd Annual Fre- 
quency Control Symposium, New 
Jersey (US Army Electronic Research 
& Development Command, Delet -MF, 
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8-14 July, Lith International Congress 
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Research Council of Canada, Ottawa, 
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Dept of Botany, University of Toronto, 
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JEAN NEVILLE 


(LONDON OFFICE) 


01-831 6901 


APPOINTMENTS VACANT 


INTERNATIONAL LIVESTOCK CENTRE 
FOR AFRICA 


One of the international research institutes funded by the 
Consultative Group on International Agricultural Research, is 
expanding Information and Training Services and invites 
applications from qualified and experienced personnel in 


— AGRICULTURE TRAINING 
— CONFERENCE ADMINISTRATION 
— EDITORIAL SERVICES 
LIBRARY MANAGEMENT 
HEAD OF PUBLICATIONS 
SCIENTIFIC TRANSLATION 


(English-French) 


The majority of the staff to be recruited will be based in 
Addis Ababa, Ethiopia, though some can expect to be based 
at regional centres in Nairobi, Kenya and Bamako, Mali. Some 
staff members are required to direct activities in the field of 
information and training, while others are required to fulfill 
specific functions within the areas listed. 

Salaries will vary according to post and experience, but are 
generally competitive in the range US$10,000 to US$32,200 
per annum. An outstanding applicant, appointed to a position 
of wide responsibility, could be offered a salary exceeding 
US$32,200 per annum. Most international staff in LL.C.A. are 
required to be bilingual in English and French. 

Most appointments will be made on a two-year contract, 
though applications from those wishing a short terms contract 
(6 or 12 months) are also invited. 

Conditions of service include annual home leave, furnished 
accommodation and favourable family and cost of living 
allowances. International staff are accorded some diplomatic 
privileges (such as immunity from local taxes, etc.) enjoyed by 
similar international organisation in its centres. 

Applications should be submitted in writing to: 


The Personnel Officer 


LL.C.A. 


P.O. Box 5689 
ADDIS ABABA 


Ethiopia 


to arive before February 28 (quoting ref. ITS). 


RESEARCH OFFICER/ 
TECHNICIAN 


required by the Medical Research 
Council Unit at Hammersmith 
Hospital. The work will consist 
mainly of biochemical changes in 
cellular systems after exposure to 
radiation and other toxic hazards. 
Previous experience of biochemical 
techniques would be advantageous. 
Candidates should possess a degree 
qualification їп a 
relevant discipline. Salary. ac- 
cording to age and experience, in 
the range £3,615 to £5,256 (in- 
clusive of London Weighting). 
Please write, giving qualifica- 
tions and curriculum vitae, to: 
Miss A. Pires, M.R.C. Cyclotron 
Unit, Hammersmith Hospital, 
Ducane Road, London W12 OHS. 
9119(A) 


or equivalent 











9138(A) 


McGILL UNIVERSITY 
POSTDOCTORAL 
RESEARCH FELLOW 


Applications are invited for a Post- 
doctoral Research Fellow to work with 
Dr D. G. Osmond on cellular aspects 
of the immune system, particularly 
the differentiation and potentials of 
lymphocyte populations produced in 
the bone marrow. The position is 
available from April 1, 1979 for up 
to two years post Ph.D. at a salary 
of $11,600 to $12,720. A background 
in general cytology, cellular immuno- 
logy or experimental hematology is 
desirable. Applications, including 
curriculum vitae and names of two 
referees, should be sent to Dr D. G. 
Osmond, Department of Anatomy. 
McGill University, 3640 University 
Street, Montreal, PQ, Canada H3A 
2B2. Telephone (514) 392-4898. 

9092(A) 


nature cCLASSIFIED ADVERTISEMENTS 


(WASHINGTON OFFICE) 


CONDITIONS. The Publisher reserves the right to refuse, amend, withdraw or otherwise deal with all advertisements submitted to him at his absolute discretion 
and without explanation. All advertisements must comply with the British Code of Advertising Practice. 
The Publishers will not be liable for any loss occasioned by the failure of any advertisement to appear from any cause whatever, nor do they accept liability for printers’ 
errors, although every care is taken to avoid mistakes, 
UK—£6.20 per s.c. centimetre. Minimum 3 cm. £1 is charged for the re-direction of replies to advertisements with a box number. 
USA and CANADA— $35.00 per inch. $3 is charged for the re-direction of replies to advertisements with a box number. 
Rest of world—£6.20 per s.c. centimetre. Minimum 3 cm. £1 is charged for re-direction of replies to advertisements with a box number. 
CANCELLATIONS MUST BE RECEIVED NO LATER THAN 5 p.m. ON THURSDAYS PRIOR TO ISSUE DATE. 


ADVERTISEMENTS SHOULD BE ADDRESSED TO: Classified Advertisement Dept., Nature, 3 Dyers Buildings, London, EC1N 2NR 
Telegrams: Phusis, London WC2R 3LF Telex: NATURE 262024. Washington Office, 711 National Press Building, Washington DC 20048 U.S.A. (202) 737-2355. 


MARY WADE 


UNIVERSITY OF 
SHEFFIELD 


DEPARTMENT OF 
BIOCHEMISTR Y 


TECHNICIAN (Grade 3) 


required to assist in an S.R.C. sup- 
ported project for a period of three 
years on biochemical and biophysical 
aspects of plant photosynthesis, Pre- 
vious laboratory experience is expected 
and familiarity with — spectrophoto- 
metric/fluorometric instrumentation 
would be an advantage. The successful 
applicant will be able to learn a wide 
variety of laboratory techniques and 
wil be encouraged to work with 
minimal X supervision. Commencing 
salary £2,688 рег annum (under 
review). 

Please write giving the names of 
two referees, to the Administrative 
Officer (Personnel), (Ref. SI147/N), 
The University, Sheffield $10 2TN. 

9105(A) 





ROTHAMSTED 
EXPERIMENTAL STATION 
HARPENDEN, HERTS ALS 2JQ 


SURVEY DEVELOPMENT 
OFFICER (ENTOMOLOGY) 


required to develop ways of applying 
and disseminating insect survey in- 
formation for pest advisory purposes. 
The appointee will extend the useful- 


ness of the present Rothamsted 
system for national and regional 
monitoring /forecasting of pests, 
initially aphids, and promote its 
adoption. 


The work will require the imagina- 
tive application of modern analytical 
and communications methods applied 
with a keen interest ín crop pro- 
tection. 

Qualifications: Ist ог 2(1) hons. 
degree in Agriculture or Applied 
Entomology, with at least two years" 
relevant experience in either agricul- 
tural data processing, economics, or 
communications, and/or crop protec- 
tion and advisory work. 

Appointment in grade of Higher 
Scientific Officer (£4,101 to £5,448) or 


Senior Scientific Officer (£5,154 to 
£6,898). At least four years’ post- 
graduate research or other approved 


experience is required for appointment 
as S.S.O. Non-contributory superannu- 
ation. 
Apply 
giving names and 


in writing to the Secretary, 
addresses of two 


referees, and quoting Ref. 384 by 
February 1, 1979. Further details on 
request. 9106(A) 





The School of Medicine 
of the 
STATE UNIVERSITY 
OF NEW YORK 


at Stony Brook 


is conducting a search for a Chair- 
person of the Department of Neuro- 
surgery who will be responsible for 
developing an academic programme 
and a patient care programme at the 
School and at the University Hospital. 
Address inquiries to: Leonard Е. 
Meiselas, M.D., Chairman of Search 
Committee, SUNY at Stony Brook. 
Long Island, N.Y. 11794. Бача! 
Opportunity/Affirmative Action Em- 
ployer. 9107(A) 














(202) 737-2355 


UNIVERSITY OF THE 
WITWATERSRAND 
AND 
SOUTH AFRICAN INSTITUTI 
FOR MEDICAL RESEARCH, 
Johannesburg, South Africa 
CHAIR OF 
TROPICAL PATHOLOGY 
IN THE 
SCHOOL OF PATHOLOGY 


Applications are invited for appoint 
ment to the above post of the join 
staff of the University and the Inst 
tute, in the School of Pathology. Dutie 
are to be assumed as soon as possible 

Salary attached to the appointmen 
will be up to a maximum of R19,20 
per annum. Details are explained i 
the information sheet. 

Intending applicants should obtai 
the information sheet attached to thi 
post from the Registrar, University o 
the Witwatersrand, Jan Smuts Avenue 
Johannesburg, 2001, South Africa, wit 
whom applications should be lodge 
not later than January 31, 1979. 

9099(A) 





READVERTISEMENT 
Institute of Obstetrics and 
Gynaecology 
UNIVERSITY OF LONDON 
Queen Charlotte's 
Maternity Hospital 
Goldhawk Road 
London W6 0XG 


Applications are invited 
for the post of 


SCIENTIFIC PROGRAMMER 


GRADE 1B 
at the Institute of Obstetrics an 
Gynaecology, Queen Charlotte 


Maternity Hospital. Salary scale: £3,38 
to £5,604 plus £450 London Weightin 
Allowance. The primary function « 
this post is to support a new PDP! 
programmable remote-job-entry term 
nal connected to the University CD 
computer installation. The work wi 
involve an interesting variety of sof 
ware development, plus the oppo 
tunity of real-time programming fc 
mass spectrometry. The successfi 
applicant will work in a small, live! 
research department with a lot « 
scope for inventive development. 

A scientific background would t 
an advantage and registration for 
higher degree would also be a po 


sibility. . 
Further details тау be obtaine 
from the Secretary, Institute — € 


Obstetrics and Gynaecology, Chels 
Hospital for Women, Dovehouse Stree 
London SW3 6LT. A 
Applications, together with cu 
riculum vitae and the names ar 
addresses of two referees should t 
sent to: S. King, Chemic 
Pathology Department, Quer 
Charlotte's Maternity Hospital, Gol 
hawk Road, London W6 O0XG, 1 
Monday, February 5, 1979. 
Readvertisement is necessary due 
the failure of the appointed person 
take up the position, previous app 
cants who wish to be re-consider: 
should notify Dr King. 9095(A) 
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UNIVERSITY OF DUBLIN 
Trinity College | 


LECTURER IN BOTANY 


Applications are invited for the 
above post in the Department of 
Botany, Trinity College, Dublin, 
from candidates with special 
interests in Taxonomy/Systematics 
or Population Ecology. A knowl- 
edge of the Irish flora and an 
interest in field botany in Ireland 
would be an advantage. 

Salary Scale: £4,232 to £8,32!. 
Appointment is likely to be made 
within the range £4,232 to £4,680. 
There is a non-contributory pension 
scheme. 

Application forms and further 
particulars relating to the post may 
be obtained from: 

The Establishment Officer 

West Theatre 

Trinity College 

Dublin 2 
to whom completed applications 
should be sent by not later than 
January 31, 1979. 9067(A) 





UNIVERSITY OF DUNDEE 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 


Applications for a post of 


LECTURER 


in the above Department are 
invited from bacteriologists, 
especially those with a broad 
bacteriological background апа 
with research interests in molecular 
genetics. 


Salary scale £3,883 to £7,754, 
with initial placing depedent on 
qualifications and experience. 
Superannuation under USS (or con- 
tinuation of FSSU). Grant towards 
removal expenses to Dundee. 

Applications (six copies), con- 
taining the names and addresses of 
three referees, should be sent by 
January 30, 1979, to The Secretary, 
The University, Dundee DD1 4HN, 
from whom further particulars 
are available. Please quote 
Reference EST/74/78J. 

9058(A) 








MONASH UNIVERSITY 
Melbourne, Australia 
DEPARTMENT OF 
PHARMACOLOGY 


TUTOR/SENIOR TUTOR 


Applicants should possess either a 
doctorate in pharmacology or physi- 
ology, or a medical degree. Preference 
will be given to candidates with re- 
search interests in central nervous, 
Cardiovascular pharmacology or toxi- 
cology. The Department of Pharma- 
cology has the responsibility for 
teaching pharmacology to B.Sc., B.S. 
(Hons); B.Med.Sci, М.В.В.5., M.Sc. 
and Ph.D. degrees. Research interesis; 
Pharmacology of central and peri- 
pheral synapses; mechanisms of action 
X hypotensive agents; cardiovascular 
?hanges in hypertension; adrenergic 
mechanisms; prostaglandins; actions of 
drugs on memory. 

Salary: Tutor $A11,220 to $A13,210 
Уе Senior Tutor $A13,606 to 
15,586 p.a. Travelling and removal 
Miowance. Repatriation. Assistance 
with temporary housing. 

Enquiries about the Department to 
Professor A. L. A. Boura. Applicants 
оша quote reference No. 31013. 
closing date: January 31, 1979. 
Applications in duplicate to the 
Academic Registrar, Monash Univer- 
Шу, Wellington Road, — Clayton, 
Victoria, Australia 3168, giving aie, 
fualifications, experience and nanes 
nd addresses of three referees. 

9142(A) 













ODM 


OVERSEAS 
DEVELOPMENT 


KNOW-HOW : vital to developing countries 





2 Experts (Resident Advisers) in 
Coastal Aquatic Biology 


At the University of Diponegoro to assist in development of courses, preparation 
of lectures and use of scientific equipment; to advise on suitability of local 
staff for UK training. Applicants should be well qualified. (equivalent to UK 
University lecturer) with research interests in some aspect of aquatic biology, 
preferably marine and/or fisheries biology. Teaching experience is important 
and evidence of the ability to assist in the development of teaching programmes 
in a range of different biological topics. 


INDONESIA 


Appointments 18 months initially, with possibility for extension. Salary (UK 
taxable) according to qualifications and experience plus variable tax free 
overseas allowance currently in range £1,890 to £4,080 p.a. Superannuation 
tights may be safeguarded. (Ref 317 X). 


TANZANIA 


Cotton Entomologist 


Required as a part of a 7 man Cotton Research and Development Team to plan 
and implement the Cotton Research Programme operated from the Agricultural 
Research Institutes at Ukiriguru and llonga. The entomologist will plan and 
implement the cotton entomology programme. Main work is comparison of 
insecticides and application methods, including ultra-low volume application, 
for control of cotton pests, mainly American ball worm, cotton stainers and 
aphids. The economics of cotton spraying and an examination of the factors 
affecting yield responses currently being achieved by farmers are also to be 
studied. Applicants should possess agricultural science degree and have at 
least 3 to 5 years' relevant postgraduate experience. 


Appointment 2 years. Salary (UK taxable) in range £4,700 to £6,500 p.a. plusa 
tax free overseas allowance in range £1,400 to £3,370 p.a. (Ref E331 X). 


The posts are wholly financed by the British Government under 
Britain's programme of aid to the developing countries. In addition 
to basíc salary and overseas allowances other benefits normally 
include paid leave, free family passages, children's education allow- 
ances and holiday visits, free accommodation and medical attention. 
Applicants should be citizens of the United К ingdom. 


For full details and application form please apply, quoting reference 
Stating posts concerned, and giving details of age, qualifications and 
experience to:— 


Appointments Officer, 

MINISTRY OF OVERSEAS DEVELOPMENT, 
Room 301, Eland House, : 

Stag Place. London SWIE 5DH. 


HELPING NATIONS HELP THEMSELVES 





9076CA) 








xv 


coal 
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S. S 


THE OPEN UNIVERSITY 
FACULTY OF SCIENCE 


RESEARCH ASSISTANT 
IN BIOLOGY 


A Reesarch Assistant [s required for a project on the development 
of social behaviour In marmosste. The work will Involve systematic 
observation of the social behaviour of captive groups of marmosets, 
computer-based analysis of behavioural data, and assisting in the 
supervision of the marmoset colony. Applicants should have at 
least a good first degree in Blology Previous expenence In 
ethological and/or pnmatological research and computer-based 
analysis of behavioural data would be an advantage 


The appointment із for three years. 


RESEARCH ASSISTANT/ 
FELLOW IN BIOLOGY | 
(Drosophila Research Project) 


Applications are invited for a temporary research position with the 
Drosophila Research Project in the Biology Discipline at the Open 
Unrversity. The project (є to Investigate the role of physiological 
adaptation in evolution, under the direction of Dr. Mae Wan Ho. 
Candidates should have а good first degree In a relevant area, 
and some expenence in population genetics, preferably of 
Drosophila. A relevant PhD degree will be an advantage 


This post is available Initially for one year, with the possibility that 
the grant may be renewed. Ref: 3721 


Commencing salary will be wrthin the range £3,384 to £3,883 
per annum on the 1B scale for Research and Analogous staff, 
with USS bensfits. 


PLEASE QUOTE THE REFERENCE NUMBER OF THE POST IN 
WHICH YOU ARE INTERESTED 


Application forms and further particulars are available from The 
Recrultment Office (JD3719/2), The Open University, Р.О Box 76, 
Walton Hall, Milton Keynes, MK7 GAL or telephone Milton 
Keynes 63404 : there ıs a 24 hour answering service on 63868. 


Closing date for applications: 26 January 1979. 


Ref: 3719 


9103(A) 





“Lesotho 


Forest Research Officer 


Up to £8,590 plus allowances 


management systems. 

Candidates should hold a degree In forestry and have coneiderable 
experience In forestry research. 

Salary Includes a substantial tax-free allowance paid under Britain’s 
overseas aid programme. Basic salary attracts 25% tax-free graturty. 
Benefits mciude free passages, generous рей leave, children's 
holiday visit passages and education allowances, subsidised 
housing, appointment grant and mterest-free car loan. 

The terms on which civil and public servants may be released if 
selected for appointment will be subject to agreement with thelr 
present employers. 

For full detalis and appfication form wnte quoting MD/129/NA 

or telephone 01-222 7730 ext 3603. 
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SOUTH AFRICAN 
ASSOCIATION FOR 
MARINE BIOLOGICAL 
RESEARCH 
post of 


DIRECTOR 
The South African Association for 
esearch 


be a full member of the Senate of 
first instance, for a 


R15,000 by R600 to RIB, per 
annum. 
Additional benefits tnclude кош 


and personal xulars the appl 
cant; including academico qualmcations 


Furtber 


application to the Chairman of the 
Association, PO Box 1726, DURBAN 


The closing dale for receipt of 
applications ш March 13, 1979. 
9041(A) 


MARINE INVERTEBRATE 
ZOOLOGIST & CURATOR 


HARVARD UNIVERSITY 
ш seeking to fill a tenured professor- 
aap m marine pe e ту а 

e Department ogy to e 
conyontly with a curatorship in The 
Museum of Comparative 
Preference will bo given to applicants 
on the basis of (1) a strong research 
program in аа and/or com 
parative morp , and/or reprodus- 
tive biology of marine invertebrates 


(Q) ability to offer instruction in 
invertebrate roology at both under- 


graduate and 
ld send a curriculum 
Vitae and statement of research 
foteresta to: Farish A Jenkins, Jr, 
Chairman ent of Biology, The 
tories, Harvard Unb 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF GENETICS 


POSTDOCTORAL 
RESEARCH ASSISTANT 
tions аго invited from 
persons with an interest bio- 


ypeptides 
Е. coli Thu will involve the use of 
cloned genes for membrane proteins 
aod ooupled transcmption/translation 
from DNA templates in щл vitro 


collaboration wit research 
groups Ín the ment studying the 
phynology of divmon In Е col: 


and the cloning of division proteins 
The appointment wil bo tenable for 
up to years from February 1, 1979 
or as soon after as can be arranged. 





UNIVERSITY OF 
MELBOURNE 
Australia 

RESEARCH FELLOW 
"Grade II (Limited Tenure 

in Antarctic Engineering in 
Antarctic Engineering Grou] 

Faculty of Engineering 


moncing 
April 1, 1979. 

"Tbe Antarctic Engineenng Grou) 
being formed within the Faculty 
Engineering as part of a шаюг 1 


de t in Antarctio Studies 
da Dawes А анар 

be maintained 1 
tba Antarctic Division (Commonwa 
Department of Science and Envi 
and developn 


Areas of interest within the Fac 


dispersal of оп sp in Antar 
waiters, design of manmade иго 
above and below the air/ice interfi 
Qualifications should h 


devel ent in one or two arcas 
the mentioned research Йе 
ooordination of activities on Antar 
Engineering within the Faculty 
Engineering, Collaboration on prok 
a*wociated with the Habitat Grou 
the Faculty of Architecture, Build: 
and Town and Regional Planning 
Salary: $A15,179 to $A19,940 


annum 
Enguiries may be directed to 
Dean, Faculty of Engineering, I 
fowor І. K. Sevens or to Dr H 
Craze in the University 
Further Information, шода 
detalis of application procedure | 
conditions or potent Is availa 
тош the a nrverwity 
Melbourne, Pul rillo, Australia, X 
or the Association of Commonwe 
Universities Оор. 36 Gon 
Square, London WCIH ОРЕ. Appl! 
tlons close on January 31, 1979 
9123(A 


MEDICAL 


RESEARCH COUNCIL 
LABORATORY OF 
MOLECULAR BIOLOGY 
, Apphlosatons are invited from 
. RESEARCH SCIENTISTS 


| for two posts 

which wil become available in 
Cell Biol Division of the Lab 
tory of Molecular Bi from 
start of the next acad усаг. 


1. Post for research in developme: 
genetics of nematodes, Candids 


The ents inb bi for 
усаг а рогі Шіу even 
tenure to retiring age. Candid 


most have at least an upper soc 
1 т 
relevant 

Salary on scale starting from £5, 
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ПП 


Tropical Products Institute 


Pharmacologist/Toxicalogist 


The scientist appointed to this London based post 
will carry out a variety of pharmacological, 
toxicological and nutritional studies on renewable 
tropical products, using in vitro and in vivo tests 
and short term feeding trials. The work will 
involve planning experiments, administering test 
materials to animals or tissue cultures, assessing 
the effects of the experiment, determining the 
statistical significance of results and writing 
reports on the findings. In addition, the successful 
candidate will train visiting overseas personnel 
and deputise for the head of the sub-section when 
necessary. Weekend work, attending to care of 
animals, is required on a rota basis. 

Candidates, normally aged under 27, must have a 


Degree/HND/HNC or equivalent in an appro- 
priate subject. Possession of a Home Office 
Licence for working with animals or the aptitude 
for obtaining one is essential. The appointmert 
calls for an ability to work with the minimum cf 
supervision, 

Appointment as Scientific Officer (£3300-£488c) 
with starting salary according to qualifications and 
experience. Promotion prospects. Non-contri- 
butory pension scheme. 

For further details and an application form (to be 
returned by 1 February 1979) write to Miss C. A. 
Hall, Tropical Products Institute, 127 Clerkenwell 
Road, London ЕСІК 5DB. Please quote ref: 





Army Blood Supply Depot, Aldershot 


Scientists: 
Haematology & Blood Transfusion Work 


‘These posts offer an opportunity to experienced 
haematologists and blood transfusion scientists to 
join a team working on all aspects of blood 
banking and blood group serology. 

The senior appointment involves responsibility 
for the day to day running of the blood processing 
Laboratory where ante-natal serology and anti- 
body identification is undertaken; the external 


also prepare and issue blood products, help with 
research projects and supervise the work of junior 
staff. Salary is in the range £2840-£4410 with 
Starting salary according to qualifications and 
experience. 

Candidates, normally aged under 32, should 
have a Degree/HND/HNC or equivalent in an 
appropriate scientific subject. Some experience in 


E quality assurance programme for world wide haematology and blood transfusion is essential a 

“ laboratories and the internal quality control for the senior appointment at least 2 years’ 

S programme covering haematology, bio-chemistry, relevant postgraduate experience is required. 

\ bacteriology, sterility and serology. In addition The successful candidates will be given every 

ES the successful candidate will participate in various encouragement to study for a higher qualification. 
training courses undertaken during the year. There are promotion prospects and a non- 
Appointment as Senior Scientific Officer ( Á5150- contributory pension scheme. 
£6900) or Higher Scientific Officer (£4100- For further details and an application form (to 
£5450) according to qualifications and experience. be returned by 6th February 1979) write to 
There is a second post, at Scientific Officer Ministry of Defence, CM(S)1b3, Room 310, 
level, concerned with the routine processing of Savoy Hill House, Strand, London WC2R oBX. 

\ donor bloods, ante-natal serology and identi- Please quote ref : SA/2/FY A. 


UY 


fication of antibodies. The person appointed will 


ALL THESE POSTS ARE OPEN TO MEN AND WOMEN, 


9050(A) 


Science > 
Grow 


CIVIL. 
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THE UNIVERSITY OF 
MANCHESTER 
RESEARCH ASSOCIATE | 
IN MEDICAL BIOPHYSICS 


Applications are invited from en- 
gineers or physical scientists who wish 
io join a small interdisciplinary group 
working on the important problem of 
incontinence. The appointee would be 
expected to take a particular interest 
in models of the bladder and urethra 
and to apply this work to the design 
Of artificial drainage systems for the 
management of incontinence. The ap- 
pointment is for up to 3 years. Start- 
ing salary range p.a.: £3,883 to £4,882. 
Further information from Professor 
B. R. Pullan, Department of Medical 
Biophysics, Stopford Building, Uni- 
versity of Manchester, Manchester 
M13 OPT, 9045(A) 


ASSISTANT PROFESSOR 
YALE UNIVERSITY 
DEPARTMENT OF BIOLOGY 


NEUROBIOLOGY AND 
BEHAVIOUR 


A position at the Assistant Professor 
el is available in the Biology 
partment, Princeton University. 
ушу in the Neurobiology and Be- 
fiour area include M. Constantine- 
оп, Н. Horn, A. Gelperin, J. 
ШЧ, R. Lisk and W. Quinn. 
idence of exceptional promise in 
earch is essential. Applicants should 
4 curriculum vitae, statement of 
earch experience and three letters 
recommendation to: Dr Alan 
Ірегіп, Neurobiology Search Com- 
tee, Department of Biology, 
neeton University, Princeton, N.J. 
40. Princeton University is an 
ral Opportunity/Affirmative Action 
ployer, 9112(A) 


This Department invites applications for appointment beginning in 
academic year 1979-80 or 1980-81 as Assistant Professor from persons 
with interests in molecular aspects of Genetics or Development, The 
appointee will be expected to contribute to a strong program of research 


and scholarship in Molecular Biology, and to participate in undergraduate 
and graduate teaching. 

Send curriculum vitae, resume of past and present research, asd names 
of three referees to: 


Chairman 
Department of Biology 
Yale University 
New Haven, Conn. 86520 
Yale University is an Equal Opportunity/ Affirmative Action Employer. 
SINA) 











Director General 
Nature Conservancy 
Council 


The Council seek a Director General to succeed Mr R E Boote, CVO, 
who reaches retinng аде in Spring 1980 

The appointment is a statutory one under the Nature Conservancy 
Council Act, 1973, made by the Council with the approval of the 
Secretary of State for the Environment. 


The Director General is responsible to Council for the direction 
and organisation of the NCC, for advice on the formulation of 
Council's policies and for their Implementation, and has personal 
responsibilities for effectrve management and financial control as 
the Accounting Officer He 18 assisted by a Deputy Director General 
and Chlef Scientist, and by Directors for England, Scotland and 
Wales, to whom there is considerable delegation. 

The NCC is an Independent body set up under the 1973 Act Itis 
the statutory adviser to Government on nature conservation in 
Great Bntain and 1з involved with a wide range of interests at home 
and abroad 

In particular, the NCC is responsible for 163 National Nature 
Reserves and has responsibilities in relation to nearly 4,000 Sites 
of Special Sclentific Interest |t commissions and undertakes 
reeaarch and makes grants to many voluntary bodies Its annual 
budget is around £7m. and it employs 660 full time staff, of whom 
half are sclentsta, land agents and wardens 

The post Is open to a person with а good knowledge and back- 
ground in, for example, biological sclence, land use (such as 
agriculture or forestry), land management or other related disciplines 
together wrth an understanding and knowledge of environmental 
issues within the legislative, planning and educational framework 
The succeseful candidate must be able to demonstrate leaderahip 
in promoting nature conservation and liaising with a vanety of 
organisations both governmental and voluntary and to operate both 
nationally and Internationally In a wide range of public and pro- 
fessional forums. He or she must have the capacity and expenence 
in management and administration to direct effectively an organ- 
sation operating throughout Great Brtain using a vanety of 
scientific, land management and administrative skills 

The post is also open to candidates from within the Nature 
Conservancy Council and the Public Service 

The salary at Арп! 1, 1980 will be £16,000 per annum, plus 
London weighting The NCC has its own non-contnbutory pension 
scheme based on that of the Cmi Service. The post is based at 
NCC's Great Britain Headquarters in London. 

Applications giving career detalls, including present salary and 
responsibilities, wrth information of special relevance to the post, 
should be sant, envelope marked DG Post and Personal, to Professor 
F G T Holliday, CBE FRSE, Chairman, Nature Conservancy 
Council, 18/20 Belgrave Square, London SW1X 8PY by not later 
than Fnday March 9, 1979. In the first Instance two referees should 
be named. Interviews will take place in May and June 1978 and the 
successful candidate will be expected to take up post early in 1980 


9068(A) 


GREATER GLASGOW HEALTH BOARD 
EASTERN DISTRICT 
SCOTTISH ANTIBODY PRODUCTION UNIT 


SENIOR BIOCHEMIST 


Applications are Invited from suitably barged porions for the m 
и 


of for Blochemist in the Scottmh Antibody ction Unit (SA 


constituent components based at the West of Scotland 
Transfusion. Centre, Law Hospital and 
related products 


an advantage for the present post 


Salary ш in the range of £5,451 to £6,837 Conditions of employment 
are In accordance with the appropriate Whíitley Council regulations 
ent with 
Infirmary, 


Candxfates are invited to visit the laboratories by arren 
Dr J. Ө Ratcliffe, ment of Biochemistry, R 
Glasgow (Tel. 041-552 3535, extension 5275) 


Applications, including curnculum vitae and names of two referees, = 
mirict Administrator, Eastern District, Greater 
lasgow Health Board, 13 Bath Street, Glasgow G2 1JB, aL. 


should be sent to the 
G 
weeks of the appearance of thi advertisement. 





U) 
based at the Radioummunoessay Unit, Departmont of Biochemistry, Royal 
Infirmary, Glasgow The SAPU n an аварац up with 
eafonul Blood 

Departments of the Univenuty 
of Glasgow. The up m involved in the development of anthera and 
hb: diagnostic uso in hospitals throughout Scotland 

Experience in immunoessay and immunochemical techniques would be 
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QUEENSLAND INSTITUTE 
OF TECHNOLOGY 
Brisbane, Australia 

LECTURER IN 
HISTOTECHNOLOGY/ 


HISTOCHEMISTRY 
A Lecturer 15 required within the 
Department of Medical Technology to 
peovide academic leadership їп the 
continuing demgn, development and 
presentation of courses in Histotech- 
nology and Histochemistry, and to 
maintain sirong links with the histo- 
рае segment of the medical 
ratory science profession The De- 
partment offers courses in Histotech- 
nology and Hustochemutry at degreo 
level in the B . Modica] Tech- 
nology and at technician level in the 
Associate Diploma in Clinical Lab 
oratory Techniques and provides oppor- 
tumty for Postgraduate students in the 
area through the Masters by 
Research and Thesm 


Applicants should bold an appro- 
priate qe ere and have a 
record of academic ond work experi- 
ence at a senior level Previous teach- 
ing experienoe would be an advantage 

Salary: Lecturer 1 $AUS!7,764 to 
$AUSI9,940, Lecturer П $AUSIS,I7, 
to SAUSI7,357 ра 

Further information may be obtained 
from the Personne! Officer, QIT., 
G P.O. Box 2434, Brubane Q. 4001 
A aaralin, or from the Head of Depart- 
m A J Webber, telepbone (0 
221 3411 ext 554. Э 

licatlons quoting reference У 
161/78, together with full details and 
telephone number and the names of 
two referees should reach the Personnel 
Officer by February 28, 1979 

9053(A) 


THE UNIVERSITY OF 


BRITISH COLUMBIA 
DEPARTMENT OF 
ZOOLOGY 
Applications are invited for three 
poene at the Assustant Professor 

evel to teach 

1) Parasitology 

Introductory Biology 
3) Neurophynology 
Qualifications Include a PhD, with 

demonstrated ability in effectrve teach- 
ing the appointee for Introductory 
Biology must be capable of making a 
perve contribution to teaching large 
гы year classes. The successful а l- 
cants will be expected to develop 





graduate student teaching super- 
vision aro required. 
Salary will be commensurate with 
experience and duties 
Currculum vitae and the names of 
three references should be sent to 
Dr Ө Q E Scudder, Head, Depart- 
ment of Zoology, University of 
Bnitish Columbia, 6270 University 
Boulevard, Vancouver, BC V6T IWS 
Appointment effective July 1, 1979 
Closing date when position filled 
9087(A) 


FACULTY POSITION IN 


ATMOSPHERIC SCIENCES 


The Department of Atmospheric 
Sciences the Univemty of Call- 
forni, Los Angelles, has two ladder 
faculty Positions open, starting July 
1.1 Candidates must have а РЬ D. 
degree in atmosphere sclences ог іп 
a related area Preferred areas of 
research specialisation аго 

1 Cloud dynamics, mooscale dy- 

names, and cloud microphyncs. 

2 Atmospehoric chemistry or 

physical meteorology 

Exceptionally qualified candidates in 
other areas of atmosphere sciences 
are also encouraged to apply. 

Besides carrying out research in his 
own area of specialisation, the candi- 
date will be expected to teach both 
graduate and undergraduate courses In 
atmospheric scionces Applicants 
should submit resumes, including a 
Imt of publications and the names of 
threo references to: Chairman, D - 
ment of Atmospheric Sciences, Univer- 
uty of Calfornia, Los Angeles, 
Cahforuia 90024 UCLA ш desirous 
of receiving applications from minor- 
ties and women candidates as well as 
from other qualified persons UCLA 
ш an Equal Opportunity/Affirmat!ve 
Action Employer. 9082(A) 











COMMONWEALTH 
AGRICULTURAL BUREAUX 
Vacancy for 
SCIENTIFIC INFORMATION 
OFFICER 


at the 
Commonwealth Bureau of Soils 
Rothamsted Experimental Station 
Harpenden, Негіз ALS 2JQ 
Duties of pos — Preparation of 
abstracts for blication in Sofls an 
Fertilisers and dealing with teohnical 


ures 
walifications Applicants ahould be 
graduates in вой sclenoe or agricg! 
tural scienoo Abtlity to read foreign 
languages other than French wil» 
count as an additional qualification 
Salary In the scale £2,839 to £5,442 


farting salary seeming te 
qualifications and  expenence, TO 
motion to higher scales on merit 

Application forms and full par 
t from Exective Dureotor 
Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal 
Slough 812 JBN. 

Солу date for applications: Feb 
ruary 15, 1979 9089(A) 


MARINE BIOLOGISTS 
(2 posts) 
SOUTH AFRICAN MUSEUM 
Cape Town 
Applications are invited for the 
of Professional  Officer/Senior 
fessional Officer on the salary scalo 
R3,930 by R180 to &5,010 by R270 tc 
R6,090/R6,090 by R270 to R7,440 by 
R390 to RB,220. 

Minimum qualifieation: | M.Sc. тг 


on the basis of рсетюш 
experience and qualifications 

The successful candidate will be re 
quired to undertake taxonomsc researck 
on marne invertebrates, particularly fo 
one of tho foll groups 

rgonacea Polyroa 

Previous experience in the choser 
group will be a recommendation but 
not a necessity. 

Closing date: March 31, 1979. 

Application forms obtnamable from 
the Director, South Afncan Museum 
PO Box 61, Cape Town $000, Re 
public of South Africa 906 1(A) 


UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF 
BACTERIOLOGY 


POSTDOCTORAL FELLOW/ 
RESEARCH ASSOCIATE 
required to work on a Cancer Re 
search Campaign sponsored project > 
tumour {mmunology. Experience b 
working with tumours or in the fiel 
of ular immuno’ would b 
viaa Salary on na] Rang 


Send c.v. to Dr W. Н McBride 





Teviot Place, Edinburgh EH8 АФ 
Scotland Please quote Reference S058 
9090CA) 





SUNDERLAND 
POLYTECHNIC 


FACULTY OF SCIENCE 
SCHOOL OF PHARMACY 


LECTURER П IN 
PHARMACOLOGY 


Candidates should ре ay gs i 
Pharmacy, Pharmacology or 
ology with teaching or research o 
other relevant bae cii ien The low 


scale: Lecturer H £4,101 t 
£6,051 Bar to £6,538. 

Further particulars and an applic 
tlon form may be obtained from tb 
Personne) Officer, Sunderland Poh 
technic, Chester Roed, Sunderlan 
SRI 390, and should be returned s 
soon аз posnble. 9079(A) 
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LOUGHBOROUGH 
UNIVERSITY OF 
TECHNOLOGY 
CHAIR IN 
.PHYSICAL CHEMISTRY 


"' Appheations are invited from 
‘candidates with strong teaching 
охрегюооо and established research 
attaiument for a Chair m Рћуыса] 











' good publication record, research 
interests and the ability to lead 
a remoarch group ш essecntial 





FACULTY POSITION IN 
THE DEPARTMENT OF 
ASTRONOMY, UCLA 


Массу опа] uding 
pace astronomy) are erred; bot 
from all of astron- 


METALLURGY DEPARTMENT 
The Chemut/Matenals — Scientist 
pomted will join the academic 
during 


lege of Science, at Shrivenham. 
wasantly mtuated 7 mules outade 
andon, the College has a long 
«xational history in chemutry, 
dch ш currently taught at undar- 
ае and postgraduate level to 


a 
wdamontal reecarch There аго er- 
flent laboratorios for teaching and 


ecience adyan Appoinunent 
"( be as Lecturer (£3,165 to £4,41 
Sensor Lecturer (£5,150 to £6,8 
»ording to age, qualifications and ex- 
aenos Promotion Non- 


operates office 
ам quote геј $/9979/3. 











Assistant 


Production Manager 
Animal Health Laboratories 


To join our managemént team at a high level and to 
assist the production manager in our recently established 
bacterial vaccines production unit at Milton Keynes 
He/she will be expected to function in the area of large 
scale antigen productlon and final product preparations. 
The person we look for will have at least a B.Sc. in micro- 



























9057(A) 


THE UNIVERSITY OF 
PAPUA NEW GUINEA 
(Port Moresby) 
Applications are invited for the post of 
TUTOR/SENIOR TUTOR 
IN PLANT BIOLOGY 
in the Biology Department 


Applicants sbould have a commit- 
ment to Ínnovatrve teaching in intro- 


plant biology 
cspecially aspects of functional 
plant or plant 


symtomatics Ыы и 
appomtee would be able to take 
dutes at the latest in June, 197 


Chairman, Biology Department, for 
further dotafls. 


Salary scales’ Senior Tutor Grade 1, 
K9,048 to K10,168 ра; Tutor, rs 
to K8,382 ps In addition, an - 
ance of K1,300 ра. If single is pay- 
able. An extra Ki,000 
Allowance and K156 child d 
Allowance may also payable (£1 
sterling=K1.38 ) ` 

A tions sbould include detailed 


UK should also send one copy of 

thon to Inter-Univermty Council, 

WIE. Tottenbam Court Road, London 

ODT. Further grum are also 
addres. 7 


912XA) 


blology/bacterlology and some years experience In 
biological production along with a proven record In man 
management. 


Hoechst UK is part of a world wide organlsatlon in which 
` salarles and conditions are of the high order which one 

would expect Other benefits of employment Include 
minimum of four weeks holiday, contributory pension 
scheme with free Ilfe Insurance, free membership of P.P P 
flexible workIng hours, staff restaurant with meal 
vouchers, sports and social club and contribution to 
removal expenses where appropriato. 


Please write or telephone for an application form to: 
Mrs. S. Matthews, Hoechst UK Ltd., Я 
Walton Manor, Walton, Milton Keynes, Bucks. 

Telephone: Pineham 5068. 


Hoechst 










Microbiologists 


Petrolite Ltd, a leading service company to the oil industry are 
offering an exciting opportunity for a fully qualrfied Microbiologist 
to Join their Technical Services Team. 


Although based in Liverpool the position will involve trouble- 
shooting travelling as necessary to the major oil-fields of the world 
in order to solve the problems caused by bacterial growth in 
oil-field and industral waters Your pnonty will be to make full 
recommendations, based on practical work In the field, of specrfic 
bio-cldes to be used. 


To cope with the demands of this challenging position you will 
have Post Graduate expenence іп Microblology of Corrosion plus 
the personal qualities of self-motrvation, flexibility and initiative 


An attractive salary according to expenence will be negotlated 
with the successful candidate.’ 


[c x Contact Chris Bainton 
P 01-235-7030 ext 239. 
E i 



















; Applications are welcome from 
occi both men and women. 
Recruitment 
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N IMMUNOCHEMIST KING'S COLLEGE HOSPITAI 
SS Postdoctoral osition is availabl CH 
\ Centre for Overseas Pest Research, immediately to Pork on ем MEDICAL 5 оог, 

ES London resistance induced by bacterial pro- (University of London) 

К ducts. Strong background in chemistry Denmark Hill 

S is essential. Research assistant position P 

A - - - - on the same project is also available Londen SES 8RX 

\ cien I IG | ramam immediately. JOD. resume, ust | LIVER UNIT 

SS references ап ranscripts to rofessor i icati 5 i i 

S A. Nowotny, University of Pennsyl- | Applications are invited for th 

$ ы. LY. 8 position о esearch Assistant/Fellox 

S £ vania, Building A2, 4010 Locust in this busy multi-disciplinary uni 

К The Centre for Overseas Pest Research helps Street, Philadelphia, PA 19104. from candidates with суренелсе ii 

E governments of overseas terrítories, in particular 9114(А) cell membrane biology, immuno 

SS the less developed countries, to solve pest pro- chemistry о protein. biochemistry, t 

N blems in the fields of pre-harvest agriculture and Айше ane БЕП СОНО 

К public health through the technical co-operation i Seed wu be on University o 

К ro . The Ce S Ade E aan НЕ .ondon scales, according to qualifica 

x programme. The Centre also provides scientific MUSEUM DIRECTOR tions and experience. © 0 ч 

` information, advice and training in Britain and The University of  Colorad t Please apply, giving full curriculun 

“ overseas, | , Boulder ^ IR ies. application: ° und | Vitae and the names and addresses o 

\ This post is in the Library Service where the nominations for the Director of the M REI to he Secretary HA th 

NAN Pra sinted wi Wed рве hikes f, University Museum. The Museum Medic Chooi at the above address 

SS Dereon, :apporneeo. will take responsibility for conducts regional national, and inter- | from whom further details may b 
\ periodical literature and exchange material, liaison national research and educational pro- | Obtained. Closing date February 1 

N with overseas and other organizations regarding grammes in the fields of natural his- | 1979. 9074(A) 

SN exchange of publications, and the supervision of a tory including anthropology and gter 

RN rem. ‘ear Fe m eS асс acts wi relate niversity academic 

“ part-time assistant. In addition the successful departments, Candidates must excel in 


candidate will scan, procure, catalogue, classify 
and index world-wide scientific literature includ- 
ing foreign language material, maintain collections 
of trade literature on pesticide chemicals and 
pesticide application equipment, deal with 
readers’ enquiries for staff and visitors and 
undertake additional duties, as and when re- 
quired including interpretative work in the 
subject field. 

Candidates, normally aged under 27, must have a 
good honours degree, preferably in a biological 
science or agriculture or closely related subject, 
coupled with postgraduate training/experience in 
librarianship. An aptitude for languages is 
desirable. 

Appointment as Scientific Officer (3300-44880) 
with starting salary according to qualifications 


jj 


Yj s Р 


УУУ 


T 


bL CHE EO Dept 


E. and experience.  Non-contributory pension 
E scheme. 
N For further details and an application form (to be 


7 


- 


returned by 5 February 1979) write to Miss M. 
Cole, Centre for Overseas Pest Research, College 
House, Wrights Lane, London W8 5SJ. Please 
quote ref : SA/50/FA, 


9077(A) 


CIVIL" SERVICE 


\ 


NS 


Biometrician 


The Forestry Commission offers a period appointment of 3 years, 
for a Biometrician to join a team in the Statistics on Computing 
Section at the Forest Research Station, Roslin near Edinburgh. 


The successful candidate will be required to help in the organisa- 
tion and provision of advice to other branches of Forest Research, 
to advise project leaders on design of experiments and surveys, 
analyse results and report clearly and program various computers 
using remote terminal or batch. There will also be opportunities to 
initiate and lead practical research. 


Candidates should have a good honours degree or equivalent 
qualifications in Statistics or related subject, plus at least 4 years 
relevant experience and be in the age range of 25 to 30 years on the 
31 December 1978. The successful candidate will be appointed 
to either the Higher Scientific Officer (£4.1 01—£5,448) or 
Senior Scientific Officer (£5,154—£6,898) grade according to 
age, experience and qualifications. 


Application forms and further details may be obtained from 
Mr A J Freeman, Personnel Branch, Forestry Commission, 231 
Corstorphine Road, Edinburgh, EH12 7AT. Completed application 
forms must be returned not later than 6th February 1979. 9069(A) 





administration, leadership, and  re- 
search (including curation); must have 
a Ph.D.; must be strongly committed 
to University and community service 
and education; and must be able to 
interact positively with University 
administration, related academic de- 
partments, professional organisations, 
and funding agencies, Applications 
consisting of Curriculum Vitae, five 
names of references with addresses, 
and summary of administrative and 
research experience should be sent to: 
Dr Robert A. Bye, jr. 
Chairman, 
Museum Director Search Committee, 
Department of Environmental, 
Population and Organismic Biology, 
Box 334, 
University of Colorado, 
Boulder, Colorado 80309 U.S.A. 
Deadline for applications; March 
15, 1979. 

Anticipated — starting 
1979 (negotiable). 

An Equal Opportunity/Affirmative 
Action Employer. 9116(A) 


date: fune 





EUROPEAN MOLECULAR 
BIOLOGY LABORATORY 


ELECTRON MICROSCOPY 


TECHNICIAN 
The European Molecular Biology 
Laboratory at Heidelberg, F.R.G. 


requires an electron microscopy tech- 
nician to work on central nervous 
tissue for a project investigating visual 
structures in insects, Proficiency in 
electronmicroscopy techniques and the 
operation of an electronmicroscope is 
essential. Previous work on central or 
peripheral nervous system would Бе 
desirable, but not essential. The post 
is available immediately. 

Apply to Dr N. Strausfeld, EMBL. 
Postfach 10.2209, D6900 Heidelberg. 
telephone number 06221-387-295, citing 
ref. 79/2. 9118(A) 





UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF 
BIOCHEMISTRY 


A vacancy exists for a Research 
Fellow (Range IA) who must be a 
postdoctoral biochemist with experi- 
ence of radiochemical techniques to 
work for three years with Dr D. E. 
Briggs on an S.R.C.-funded project on 
the mechanism(s) regulating gib- 
berellin release from barley embryos. 
The salary will be in the range £4.382 
to £4,882 per annum (plus U.S.S). 
The successful applicant would be 
required to take up appointment In 
the period between May and October 
1979. 

Applications (two copies) including 
a curriculum vitae and names of two 
referees should be sent to Miss L. R. 
Heyes, Senate Registry, University of 
Birmingham, P.O. Box 363, Birming- 
ham BIS 2TT. from whom further 
particulars miy ur pid The 
closi ate is Februar А is 
closing d y 911A) 








ROYAL POSTGRADUATE 


MEDICAL SCHOOL 
DEPARTMENT OF 
ANAESTHETICS 


TECHNICIAN 


with H.N.C. or similar qualificatio: 
required for this very active researc] 
department. The person appointed wil 
be expected to be capable of assuminj 
responsibility for  cardio-respirator: 
and blood gas measurements. Experi 
ence in gas chromatography, physic 
logical measurement or electronics i 
desirable. Starting salary within th 
range £4,009 to £4,854 depending o! 
experience and qualifications, goo 
holidays and contributory superannu 
ation scheme. 

Application forms may be obtaine 
from the Personnel Office, Royal Post 
graduate Medical School, 150 Du Can 
Road, London W12 OHS  quotin 
reference number 14/104/ . 

9073(A) 





CHELSEA COLLEGE 


University of London 
BASIC MEDICAL 
SCIENCES GROUP 


Applications are invited for the 
posts of: —— 


t. POSTDOCTORAL 
RESEARCH ASSISTANT 
(salary £4,583 to £5,081, 

inclusive of London Allowance) 
2, RESEARCH TECHNICIA? 
GRADE 5 
(salary £3,651 to £3,858, 


inclusive of London Allowance’ 


to work on a three-year M.R.C 
funded project concerned with th 
application and production of mont 
clonal antibodies to cytoskeletal prc 
teins from nervous tissue, in pal 
ticular, neurofilaments. Experience i 
protein chemistry, or tissue culture а 
immunology would be desirable. 
Further particulars and applicatior 
with curriculum vitae to Dr B. E 
Anderton, Basic Medical Sciente 
Group, Chelsea College, Мапгеѕ 
Road, LONDON SW3 6LX. 
9072(A) 





POSTDOCTORAL POSITIO? 
of 2-year duration 


available immediately for sequence ar 
affinity labelling studies on ribulosebi 
phosphate carboxylase at salary i 
$12,000 for first year, Please ser 
resume and letters of references t 
Dr Fred C. Hartman, Oak Ridg 
University of Tennessee Gradua’ 
School of Biomedical Sciences, P.C 
Box Y, Oak Meo PAM ae P 
Equal Opportunity! rmative Асі 
Employer. 9085(A) 
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UNIVERSITY OF 
STRATHCLYDE 


Applications are invited for 


TWO LECTURESHIPS 
in the 


DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY 


Applicants for one of the posts 
should be experienced in (experi- 
mental) INORGANIC CHEMIS- 
TRY and for the other іп 
CHEMICAL TECHNOLOGY. 

Salary scale £3,883 to £7.754 
with placing according to qualifica- 
tions and experience. Superannua- 
tion benefit. 


Application forms and fur-her 
| particulars (quoting 1/79 for the 
Lectureship in Inorganic Chemis- 
try and 2/79 for the Lectureship 
in Chemical Technology), and 
enclosing a self-addressed envelope 
(9"x4"), may be obtained from 
Academic Appointments 
University of Strathclyde, 
College Building, 204 
George Street, Glasgow GI IXW, 
with whom applications should be 
lodged by February 26, 1979. 
9059(A) 


UNIVERSITY COLLEGE 
OF NORTH WALES 
BIOCHEMISTR Y 
Applications are invited for the 
post of 
PROFESSOR 
of Biochemistry and 
Head of Department 
The appointment will be from 
OCTOBER 1, 1979 (or a date to 
be arranged) and the salary will be 

in the professorial range. 

Further particulars can Бе 
obtained from the Secretary and 
Registrar, University College of 
North Wales, Bangor, Gwunedd 
14,57 2DG. 

Ten copies of the application 
(one from overseas candidates) 
together with the name of three 
referees should be sent to reach 
the Secretary and Registrar by 
Friday, February 16, 1979. 

S048CAD 





ISRAEL INSTITUTE OF 

TECHNOLOGY, HAIFA 

RESEARCH ASSOCIATE 
POSITION 


available for a period of two or three 
years. 

Experimental background in Chemi- 
ical Physics, Electrochemistry and/or 
Surface Science required. 

Contact Prof D. S. Tannhauser, 
L Department of Physics. 9051(A) 





UNIVERSITY OF 
CAPE TOWN 
SENIOR LECTURESHIP IN 
INORGANIC CHEMISTRY 


Applications are invited for the 
wabove post, vacant as from July 1, 
(1979. Appointment, according to 
qualifications and experience, will be 
ade on the salary scale R8,460 by 
R360 to. R9,900 by R450 to RI1,250 
r annum, plus à pensionable allow- 
mince of 19,9 per cent of basic salary. 

Applicants should submit а curricu- 
@um vitae, stating present salary, 
research interests and publications, the 
ate duty could be assumed, and the 
ames and addresses of three referees. 
. Memoranda concerning the position 
(апа general conditions of service 
ооп, be obtained from the Registrar, 










oom 10, University of Cape Town, 
Private Bag, Rondebosch 7700, South 
Africa, by whom applications must be 
ireceived not later than Aprii 30, 1979. 
Appointment will be subject to a 
satisfactory medical examination. 
The University's policy is not to 
Scriminate in the appointment of 
МАП or the selection of students on 
€ grounds of sex, race, religion ог 
Further information on the 
Ümplementation of this policy is 
Pobtainable from the Registrar. 

9094(A) 


















The Daresbury Laboratory has vacancies for 


THEORETICIANS 


in all three fields of interest of the Theory Group at Daresbury which 
are solid state, atomic and molecular, and nuclear. 

At the laboratory a purpose-built X-ray and ultra-violet source and a 
major nuclear structure facility based on a 30 MV tandem Van de Graaff 
are under construction. An IBM 370/165 computer is installed at the 
laboratory, and a computational science group has recently been 
established working mainly in the quantum chemistry area. 
Appointments will be made at salaries between £3695 and £6216, the 
level at which an associate is appointed depending on age, ability and 
experience. Posts are normally available for a fixed term of 3 years and 
are superannuable. 

The successful applicants will be expected to take a strong interest in 
the experiments which are being planned on the new facilities. 


Applicants , of either sex, should possess a Ph.D. degree in the relevant 
area, Or expect to obtain one during 1979. 
Closing date: 14 February 1979. 


For further information please write or telephone the head of the 
theory group, Dr. J. B. Pendry (Tel. No. (0925) 65000 Extersion 223). 
Applications should be sent together with curriculum vitae and the 
addresses of two referees, quoting reference number DL/650/9070(A) 
to: 


The Personnel Officer 


DARESBURY LABORATORY 


Science Research Council 
Daresbury, Warrington WA4 4AD 


9070120 





KENYATTA UNIVERSITY 


COLLEGE—KENYA SOUTH GLAMORGAN HEALTH AUTHORITY (T) 
CARDIFF ROYAL INFIRMARY 
(a constituent college of the SUPRA-REGIONAL PROTEIN REFERENCE UNIT 
University of Nairobi) ACT Ju. 
Applications are invited for the post of 
Applications are invited for RESEARCH ASSISTANT 
LECTURESHIPS IN THE to work on the development and assessment of immune com- 
PHYSICS DEPARTMENT plex assays in clinical chemistry. This project is supported by 
а the Welsh Office scheme for the development of Health and 
Applicants should be holders of a Social Research. The post will be for one year in the first 
mo. | Anpoiniess wiil jin the staff instance but renewal for the second year may be possible, 
to degree lesel Ju. future  Secdadary ‚ Candidates should have a degree in Biochemistry, Biological 
School teachers together with an Sciences or equivalent and salary scales will be according to 
M rales programme. The Sepan qualification and experience, but will be on the Whitley Scale 
and dn the feld at Appropriate for probationary grade Hospital Biochemists. 
Technology and Electronics Applica- Further details of the project and the post can be obtained 
end Any speciality will be con- from—Dr R. Fifield, Protein Reference Unit, Cardiff Royal 
i ` Infirmary, telephone 0222 492233, ext. 559. 
кы A n ce Application forms can be obtained from Assistant Unit 
Ба ay нан Sales dn Administrator, Cardiff Royal Infirmary. Tel: Cardiff 492233. 
range £4,278 to £4,818 p.a. (sterling) Closing Date: January 26, 1979. SOSIA) 


for married appointee or £2,730 to 
£3,156 раа. (sterling) for single 





appointee (reviewed annually and E Е i ^ wy ` 
normally free of all tax) and provide UNIVERSITY COLLEGE | SURFACE PHYSICIST/ 
children’s education allowances and HOSPITAL MEDICAL Н CHEMIST 

aider housing, каерде мА SCHOOL Fusion energy research on plasma- 
e | of Technician who will work on a | апд surface cleaning, Uhv and surface 





physics/chemistry experience appro- 
priate, Appoint at Research Associate 
or Senior Research Associate level. 
Appointment for three years initially. 
Well-qualified scientist sought. Appro- 
priate salary available. 

Write: Professor P. С. Stangeby, 
University of Toronto, Institute for 
Aerospace Studies, 4925 Dufferin 
Street, Downsview, Ontario МЭН ST6. 
(416) 667-7729, SOBICA) 





Detailed applications Q copies) with preterm infants. The job involves work 
curriculum vitae and naming 3 referees in the laboratory and in the Premature 
to Бе sent direct to the Registrar, | Baby Unit. Familiarity with atomi 
Kenyatta University College, P.O. Box | absorption spectrophotometry desirable 
43844, Nairobi, Kenya, by February 2, | bur not essential. Please submit 
1979. Applicants resident in the U.K. | Curriculum Vitae and the names and 
should also send one copy to Inter- telephone numbers of two referees to 
University Council, 90/91 Tottenham | the Secretary, University College 
Court Road. London WIP ODT. Hospital Medical School, University 
Further details may be obtained from | Street, London МСЕ 6JJ, quoting 
either address. 9122(A) reference T/JS. 9075(A) 





study of trace element metabolism in | 
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CHEMICAL ENGINEERING RESEARCH GROUP-— CSIR 


Would you like an opportunity to apply your professional skills in depth to the solution of 
problems of an applied or fundamental nature in a stimulating interdisciplinary environment ? 


The Chemical Engineering Research Group—CSIR is one of over a dozen institutes of the 
Council for Scientific and Industrial Research. The Group is engaged in R & D and consulting 
services related to the utilisation of the natural resources of the country and the development of 


its process industry. We have openings for 


SENIOR RESEARCH STAFF and temporary RESEARCH FELLOWS 


PARTICLE TECHNOLOGY — FLUID DYNAMICS 


Solid-fuel separation and suspension flow in process equipment requiring the application of 


engineering science in the processing of particulate matter. 


RHEOLOGY 


Investigations of the rheological properties of materials used in the process industry, particularly 


suspensions of particles. 


HETEROGENEOUS CATALYSIS 


The development of catalysts and catalytic processes for the conversion of coal and oil to liquid 
fuels and petrochemicals, including the downstream processing of the intermediates. 


COMBINED HEAT AND MASS TRANSFER 


The development of techniques to determine optimal drying procedures and the consequent 


selection of drying equipment for industry. 


ELECTROSTATIC PRECIPITATION 


investigations leading to improvements in the control of emissions from power stations. 


General requirements: a PhD or at least an advanced degree in a relevant discipline, research 
ability, experience in the indicated fíeld and the ability to communicate research results. 


SOME POSTS AT GRADUATE LEVEL ARE ALSO AVAILABLE 


Pursuit of an advanced degree is encouraged and financially supported. 


Conditions of service: Attractive remuneration, a pleasant climate and working environment 
on a large campus where most of the CSIR institutes are housed, scope for initiative, advance on 
merit, generous leave allocation, substantial housing subsidy, holiday bonus, pension and medical 
aid schemes, group life insurance and other fringe benefits, outstanding laboratory, workshop 


computing and information facilities, relocation expenses. 


Apply to: The Head, CERG—CSIR, P.O. Box 395, PRETORIA, 0001 South Africa 

















| Lecturer Grade II/ 
| Senior Lecturer 
| 


| in Physiology 
| (£4101 - £7065 (Bar) - £7572) 


Candidates should preferably have experience in Histology. 
Electron Microscopy, exercise physiology or sports science. 







Assistant Director and Chief Administrative Officer, Trent 
Polytechnic, Burton Street, Nottingham. A self-addressed 
| foolscap envelope will assist in the speedy despatch of 


| documents. 
| Applications to be returned as soon as possible. 


Г RENT 


POLY TECHNIC 
NOTTINGHAM 


| Further details and form of application available from The 
| 
| 


i 
| 
| 
| 
| 
| 
| 
| 


9102(A) 








9060(A) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF CHEMISTRY 


Applications are invited for chemists 
or chemical physicists for an S.R.C. 
Postdoctoral Senior Research Assisi- 
antship for 17 months from as soon às 
possible to work in collaboraton with 
Dr J. Yarwood on the interaction and 
dynamics of hydrogen bonded systems 
in the liquid phase. These studies 
which include infrared, far-infrared, 
Raman and neutron scattering studies 
are also supported by a N.A.T.O. re- 
search grant and would be carried out 
at Durham, the Technical University, 
Braunschweig and at A.E.R.E. Har- 
well. Some experience in one branch 
of molecular spectroscopy is essential 
and an interest in the chemical physics 
of molecular motions and interactions 
in the liquid phase would be an 
advantage. 

Initial salary £3.883 or £4,133 per 
annum on National Research Range 
1A plus superannuation. 

Applications (three copies) naming 
three academic referees should be sent 
by January 22, 1979, to the Registrar 
and Secretary, Science Laboratories, 
South Road, Durham DHI ЗГЕ, 

8904(A) 








UNIVERSITY OF DUBLIN 


Trinity College 


o 


LECTURER IN GEOLOGY 


Applications are invited for the 
above post in the Department of 
Geology, Trinity College, Dublin, 
from candidates with strong 
academic qualifications and with 
substantial interest in developing 
courses in applied aspects of the 
geological sciences, such as еп- 


vironmental geology and engineer- 


ing geology. 

Salary Scale: £4,232 to £8,321. 
Appointment will be made within 
the range £4,232 to £4,680. There 
із a non-contributory pension 
scheme. 

Application forms and further 
particulars may be obtained from: 
The Establishment Officer 

‘West Theatre 
Trinity College 
Dublin 2 
to whom completed applications 


should be returned not later than 
January 31, 1979. 9066(A) 





ENGINE D GERENTE 

DISTINGUISHED ENERGY 
PROFESSORSHIP AT 

SYRACUSE UNIVERSITY 


Nominations and applications 
are invited for the Niagara 
Mohawk Energy Chair at Syracuse 
University. The holder of the 
Chair must be a recognised scholar 
and is expected to provide leader- 
ship in the establishment of an | 
interdisciplinary centre of excel- | 
lence for energy research and in | 
the development of energy curri- | 
cula. The candidate should have 
experience in high-efficiency, bulk- | 
energy conversion techniques using 
environmentally acceptable pro- 
cesses for the utilisation of coal 
or nuclear fuels. The Chair is 
expected to be attached to the 
Department of Chemical Engin- | 
eering and Materials Science which | 
has а particular interest in | 
fluidised bed technology. Outstand- | 
ing scholars їп other  energy- 
related areas are also eligible. 
Nominations and applications 
should be sent to Professor David 
K. Cheng, Chairman, Energy Pro- 
fessor Search Committee, Link 
Hall, Syracuse University, Syracuse, 
N.Y. 13210, before April 1, 1979, 
Syracuse University is an equal 
opportunity affirmative action em- 
ployer. 9115(A) 





ANIMAL HOUSE 
TECHNICIAN 


(Readvertisement) 


Applications are invited for the pos 
of Technician in the School of Bio 
logical Sciences to take responsibility 
for the running of an Animal Uni 
housing smali mammals, insects anc 
amphibia. 

Candidates must have had severa 
years experience of Animal Hous 
work and hold qualifications of th: 
Institute of Animal Technicians. 


Salary on the scale £3,186 to £3,72 
(under review). 


Further particulars and application 
forms may be obtained from th 
Superintendent of Laboratories, Schoo 
of Biological Sciences, University o 
East Anglia, Norwich NR4 7TJ, t 
whom they should be returned withii 
two weeks of the publication of thi 
advertisement. 9134(А) 


POSTDOCTORAL POSITION 


Ph.D. of M.D. with good back 
ground in membrane biochemistry fo 
studies of composition and structur 
of nexuses (gap junctions). Laborator 
is well equipped for membrane bic 
chemistry and ultrastructure (includin 
freeze-fracture, rapid freezing, lase 
diffraction etc.). Starting date, Marc 
1, 1979, Send resume and two letter 
of | recommendation to: Сап 
Peracchia, Department of Physiology 
University of Rochester, School o 
Medicine, 601 Elmwood Avenue, Bo 





642, Rochester, New York 1464: 
Affirmative action/equal opportunit 
employer. 9113(A) 
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POSTDOCTORAL POSITION 

Threo-year vallable im- 
«nediately ‘for y о the control 
3f. insect 





ite rescarch to be based in 
hat ease er Bath, to work. with 
эз Todd Rayner on an SRC- 


„а any of these arcas 
pphoant may be permitted to го йет 
degree. 


or a higher i 
Tho tment is for one year in 
the first as soon as 


or the third 
lroations, t er with a our- 
um vitte, details of ags, 
ns ence, and 


FOOD ENGINEERING 
Applications aro invited for a 


PROFESSORIAL POSITION 


erty of Toronto The opening relates 
Aer До аш expansion of teaching 
ad research in tbe Ded of food ongim 


mng The n м ровно as s^ 
иш of а Grant from 
E Commuttes, University 
W Toronto. The appointment is in the 
«ure ыгып, commencing July 1, 
should posses а D 

+ its equivalent ín chemistry or 
and have a 


Appheations with curriculum vitae 
xi the names of three referees should 
) sent to: 


Professor M. E. Charles, 
Chairman, Department of Chemical 
Engineering and Applied 


Chemistry 
University of Toronto 
9052(A) 


PROFESSOR OF 
FHYSIOLOQICAL OPTICS 


of Optometry at Tho 
a State tate Бати with its gradu- 





+ progranime in clopcal о pia, 
4$ an рер и at ntm full 
æl for scientist of ‘oat. 


mdmg ойы T The candidate must 
an effective tomoher and an active 
ad researcher 


recognised A Ph.D 
«x equivalent) dogree & required. 
lection and depend on on- 
ing productivity, relevance to this 


окка кш and potential for 

-nlinumg development. 

Send curriculum vitae, bfbllography, 
Chairman, 


d thres ee ta 
ach The Ohlo State 
Мэш, Collogs of Optometry, 338 
10th Ае, Columbus, Ohio 
Zi, ere) 422-2647 (The Ohio State 
m an affirmative action 

gia opportunity employer. "oit 





GUY'S HOSPITAL 
MEDICAL SCHOOL, 
(University of London) 
POSTDOCTORAL 
RESEARCH ASSISTANT 
заи to join a research 
under EU м.т 


group 

Malluccl in the 

саг арг, of Microbiology inm- 
membrane \compoosnt im eil 
components in çol 

Eoma regulation and cell diferen- 


15,910 to £5,506 
pha £450 London о Е 
su 
or further details telephone 
Malinoci, 


to the Secretary, 
Medical 

LI Dome | School, 

9055(A) 


. MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 
FACULTY OF MEDICINE 

ASSISTANT PROFESSOR 
OF IMMUNOLOGY 


collaboratrve 
relationships with рик. р, 
with clinical investigators, plus the 
DE ог largo c families. Our 
group in teaching, 
а diagnostic 





"(Limited Tenure) 
in the Жолы сыды of Physics 
ars invited for a 


„ошер ( (Lunited Tenure) in the 
Physio The current re- 


search interests of the 


The sucocesfal wil be re- 
сага to кесп at ап 

by or supervung 

laborat: clases, to rvise research 


supo 
to condoct roseerch in 
one of the abovementioned areas of 
physics. 


Qualifications: Ph.D. with postdoctoral 
experience, 
йин $415,179 to $A19,940 рег 


Rr Man 


Information, MM es 
P iae? of application 
conditions of appointment, is available 
from the nlversi 
yes e 


RESEARCH GRADUATE 
to undertake studies in relation to 


-Prior ex ncs ої пате culture, 

oup culture or bone marrow 
i» preferred. Excellent о - 

tun far a PhD then. 

Whi Scale A according to 

ence pplications, with two referees, 


ROYAL OBSERVATORY, EDINBURGH 


SENIOR 
APPOINTMENT 


' There із a vacancy for someone with a proven record of 
success In the management of projects with a considerable 
technological content to Join the Observatory's senior manage- 


ment team. 


The Observatory Is responsible for three national facilities 
which support University research: the Image and Data Pro- 
cessing Unit which Includes the advanced measuring machine 
COSMOS; the 3.8 m aperture Infrared Telescope currently 


being erected In Hawali, 


and the UK 1.2 m aperture Schmidt 


Telescope in Australia. The last two aleo have associated labora- 
tories at Edinburgh and all three, together with the In-house 
research, are supported by Technology and Administration 
Groups. All major activities In the Obesrvatory are managed by 
senior research scientists who are expected to spend on average 
half of their time on research. Management duties sometimes 
Involve overseas postings, currently to Australia or Hawall, for 


pertods of about three years. 


The successful candidate for this post will In the first Instance 
be made responsible for overall management of the Technology 


Group. 


Applicants should detall their project management and 
research experience which should preferably be In the fields of 


astronomy ог instrument 


engineering. 


development 


and/or precision 


Salary, depending: on qualifications and experlence, on the 
scale £10,043—£11,300 per annum. 

Letters of application, including a full curriculum 

vitae, should be sent to Mr B Mcinnes, Royal Observa- 


tory, Blackford Hill, 


Edinburgh (Tel No 031-667 


3321) by 31st January 1979. 


ORPINGTON HOSPITAL 
SECTOR 


DOMESTIC SUPERVISOR 


male or female required for the above 
Sector, which includes raponnbnlty 
for the Angas Home, Cudbam, 

residential home for 28 female adult 


4 pm Monday to Friday. Weekly 
earnings £53.54. 


‘Application form from: 
Sector Administrator, 


86.) 
9141(A) 





SIR WILLIAM DUNN 
SCHOOL OF PATHOLOGY 
RESEARCH ASSISTANT 
(Grade 1A— 

Salary £3,383 to £6,555) 


would be an advantage. Applicants 
&hould possom a degreo or equivalent 





9056(A) 


THE BREWING RESEARCH 
FOUNDATION 
require a 
MOLECULAR BIOLOGIST/ 
YEAST GENETICIST 
Pei DELEGA are nrod from per- 
interested 


point on the Sclontm scale 
| Еда to £6,200) Applications, in- 
cluding curriculum vitae and names 
of two referees оа be sent to: 
The Admmistratrve anager, Brew- 
ing Research оми Lyttel НАП. 
Nutfled, REDHILL, Surrey RH 
4HY. SlosA) 


Pharmacokineticist 


based chemical products, 


throughout the world. 


rere 





ROYAL HOLLOWAY 
COLLEGE 
University of London 


required to 
Dr J W. Lewis on tho epidemiology 


zpology/bioclogy with a background in 


on scala £3,410 to £3,659 
pius Allowance of £430. 
APP ering with тэсш 

in " ou um 
viac, to the Personnel Officer, Royal 


Holloway College, , 
Egham, Surrey. 910%А) 





THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 

RESEARCH TECHNICIAN 


of perinde nei tu ther Mae. 


general laboratory duties. The appoint- 
ment js for a maximum of three 
and is supported by the М 


to 
London euighting. 
Further details may be obtained 
from Profemor R 0. Cohen, Meta- 
tolic and Endocrine Unit, Tel: 01-247 
tions, together 


be t to the Secretary, The London 
Hospital Modical College, 
Street, London Е! ZAD, MEA 14 
days, quoting ref R teks 





May & Baker Lrd., is an internauonal Company, 
manufacturing and marketing a wide range of research 


Following a functional reorganisation, we have a 
vacancy in the Department of Drug Metabolism at our 
Research Institute at Dagenham, Essex, for a graduate 
with pharmacokinetic experience. 

The successful applicant will lead a small team 
working on the design, implementation and competent 
reporung of pharmacokinetic and bioavailability 
studies. A good knowledge of analytical apparatus and 
its application 1s essential and a general knowledge of 
drug metabolism is desirable. 


Benefits of employment include flexible working 
hours, bonus scheme and contributory pension scheme. 
Publication of appropriate work is encouraged and the 
Department has active links with a number of 
University and Clinical Pharmacokinetc Departments 


Please telephone 01-592 3060 extension 2506 for 
an appheation form or write with full details of age, 
experience, qualifications and present salary to 
Mrs. Phyllis Clark, Personnel Officer (Scientific Staff), 


Ф мауавакег 


May & Baker Lrd., 
Dagenham, Essex RM10 7XS 
quoting reference number 164/N/2. 9097(A) 





THE KENNEDY INSTITUTE 
OF RHEUMATOLOGY 


A postdoctoral or postgraduate 
RESEARCH ASSISTANT 


is required in the Divnmion of Bio- 
chemusry to be involved in pro 

uwung culture techniques to invest 

the cellular mechanisms {involved in 
the control, development and гера of 
connective {ште Candidates should 
have a keen aptitude for research and 
previous of oell culture 
techniques, appointment is funded 
the Medical Research Council until 

ovember 1980 


Salary £3,500 to £4,500 depending 
оа age and qualifications. 


Applications in writing giving full 
lars of experience qualifica- 
lions and two етее to The General 





in and cell 
ture аго ossential. The will 
Initially be based at lochmyle 


Nature Vol. 277 11 January 1‹ 








Re-advertisement 


Director 


PHLS Centre for Applied Microbiology 
& Research, Porton Down 


The PHLS Centre for Applied Microblology and Research 
will take over and develop the civil and health oriented aspects 
of the work of the Ministry of Defence Microbiological 
Research Establishment at Porton Down, Wiltshire, on Apri 1, 
1979 Withm the Centre there will be reference laboratories 
for ‘specml’ pathogens and laboratory safety, research labora- 
tories concerned with mucrobtal pathogenicity and vaccines, 
and laboratories involved ín work on microbial products used 
in therapy, diagnoses and research. 


The PHLS Board {nvites applications for the pom of 
Director ef tha Cemtre. Candidates (male/female) should have 
an catablished research reputation in microbiology or some 
related aspect of publi health, and experience in the manage- 
ment of a laboratory or similar department. While preference 
wil be given to candidates with a medical qualification, 
applications from non-medical graduates with specially relevant 
interests or experience wil] be welcomed. 


The duties of the post will include the promotion and oo- 
ordmation of the research activities of the laboratories within 
the Centre, and the integration of these activitios with those 
of the PHLS and the health services generally 





























The appointment will be under PHLS (NHS) terms and 
conditions of serwee Further баала of the post and salary 













whom applications, stating date of birth, 
qualificabons, experience, published work, and naming three 
referees, should be sent by February 12, 1979 The Director 
of the PHLS, Sir Robert Williams, will be 
pleased to discum the post and to make 
arrangements for those Interested in the 
post to vimt the laboratories at Porton 

9128(A) 


Public Health Laborat 
Service Board. iid 








PLANT PHYSIOLOGIST/ 
BIOCHEMIST 


The Agricultural Sclence Service of ADAS provides farmers and 
growers with a wide range of vital technical Information and advice 
which is supported by investigational and development work 
camed out from regional centres across the country. 


The officer appointed to this Wolverhampton based post will 
provide specialist advice to colleagues on physiological and 
blochemical problems in crop production, and to this end will 
maintain a close haion with research workers In institutes, 
Unrversities and Commercial Organisations in addition, the plant 
physiologist will initiate investigational work, develop and evaluate 
physiological techniques for use both in the field and the laboratory, 
and take responsibility for the day-to-day management of some 
laboratory and field staff. 


Candidates (normally aged under 35) must have a Degree or 
equivalent in plant physiology or blochemistry and at least 3 years’ 
relevant postgraduate expenence. 


. Salary, starting between £4,176 and £6,770, nses to £6,890. 
There are promotion prospects and a non-contnbutory pension 
scheme. 


For further details and an application form (to be returned by 
2nd February 1979) write to СМІ Service Commission, Alencon 
Link, Basingstoke, Hants, RG21 1JB, or telephone Basingstoke 
(0256) 68561 (answering service operates outside office hours). 


Please quote ref: 8(A)906. 
9104(A) 


„с = оте eee 
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UNIVERSITY OF 
STRATHCLYDE 
Applications are invited for a post of 


RESEARCH ASSISTANT 

in the DEPARTMENT OF 
ARCHITECTURE AND BUILDING 
SCIENCE to work on heat transfer 
processes іп air-heating solar col- 
lectors. 

Applicants should be graduates in 
either physics, mechanical, or envir- 
onmental, engineering ог have a 
background of practical experience in 
convective heat transfer work. 

Appointment, which is for two 
years commencing March 1979, would 
be on Range IB of the national salary 
scale for research and analogous staff. 
Commencing salary will be on the 
scale £3,384 to £3,883 with placing 
according to qualifications and experi. 
ence. Superannuation benefit. 

Written applications (quoting R2/ 
79) giving the names and addresses 
of two referees and stating full details 
of qualifications and experience should 
be sent to Dr P. P. Yaneske, Depart- 
ment of Architecture and Building 
Science, Architecture Building, 131 
Rottenrow, Glasgow G4 ONG, from 
whom further information can be 
obtained. 9082(A) 


VOM, NIGERIA 
PROJECT DIRECTOR 


A project director is required for 
the newly established Programme on 
the Biological Control of Tsetse Flies 
by the Sterile Insect Technique. The 
position will have overall admin- 
istrative and technical responsibility, 
involving the various aspects of the 
project including production, ecology, 
and research. 

The director should be an ento- 
mologist or veterinarian with experi- 
ince in the Sterile Insect Technique, 
isetse control, or ecology or trypano- 
somiasis. 

The preferred date of appointment 
is April 1979 but a later starting date 
can be negotiated. Salary will be 
dependent upon qualifications. Appli- 
cants should send curriculum vitae and 
names of three references to: 
Director, Joint FAO/IAEA Division 
International Atomic Energy Agency 

P.O.B. 590 
A-1010 VIENNA, AUSTRIA. 
9091(A) 





HAREFIELD HOSPITAL 


Harefield. Middlesex 
DEPARTMENT OF 
CARDIO-THORACIC SURGERY 


Research NUTRITIONIST/ 
BIOCHEMIST 


required for one year. 


An interesting vacancy exists for a 
Research Assistant to work on nutri- 
tional/biochemical problems to patients 
undergoing thoracic surgery. Appli- 
:ants should preferably be graduates 
in biochemistry/nutrition. Salary scale: 
£3,798 to £4,899 plus London Weight- 
ng of £354. 

Job description and application 
'orms available from Miss P. Durand, 
Personnel Officer, Harefield 3737, ext. 
$28. Closing date: 14 days from 
ippearance of advertisement. 

9100(A) 





QUEEN MARY COLLEGE 


University of London 
PLANT BIOLOGY AND 
MICROBIOLOGY DEPARTMENT 
Applications are invited for 
appointment as 


GRADUATE 
RESEARCH ASSISTANT 


о work with Dr B. Frankland on an 
,R.C.-supported project on phyto- 
hrome intermediates and induction of 
‘ermination by irradiation of partially 
wdrated seeds. Post tenable for up to 
hree years from April, or as soon as 
ossible thereafter. 


Applications from those graduating 
n summer 1979 wil be considered. 
nitial salary (under review) £3,834 p.a. 
including London Allowance). 
Please apply by letter, giving age. 
dialifications and names of 2 referees, 
» The Registrar (N), Queen Магу 
‘ollege, Mile End Road, London E! 
N& o 9140( AY 











EAST BIRMINGHAM 
HEALTH DISTRICT 


East Birmingham Hospital 


A vacancy will exist 
from January 1, 1979 in the grade of 


SENIOR 


MICROBIOLOGIST 


The post is funded by the Medical 
Research Council as part of a 
Programme Grant for research into 
gastro-enteritis viruses, especially rota- 
viruses. Applicants should have a 
Ph.D. or equivalent qualification. The 
research programme is directed: (1) 
towards propagation of human rota- 
viruses in tissue culture, (2) determina- 
tion of rotavirus serotypes and their 
distribution worldwide. This pro- 
gramme is closely linked with funda- 
mental work on molecular biology of 
rotaviruses being carried out in the 
University of Warwick under Dr 
Malcolm McCrae. 

Further particulars may be obtained 
from Dr T. H. Flewett, Regional Virus 
Laboratory, East Birmingham Hospital, 
Birmingham B9 SST, or telephone Mr 
J. R. Foster, Senior Chief Medical 
Laboratory Scientific Officer, on 021- 
772 4311, Ext. 4086 for further details. 

9098(A) 


ST. MARY'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Paddington, London W2 1PG 





GRADUATE 
IN PHYSIOLOGY OR 
PHARMACOLOGY 


who will be expected to register for 
a higher degree, required to join team 
investigating the mechanism of action 
to drugs affecting gastric secretion. 


Appointment, which can be taken up 
immediately, is for one year initially 
with prospect of extension for further 
two years. Project jointly organised 
between Departments of Physiology 
and Academic Surgical Unit. 


Further information from Mr S. 
Knight (Tel: (01)-723 1252, ext. 133. 
to whom application with curriculum 
vitae may be sent at above address. 

9126(A) 


PALEOSERVICES LIMITED 
OF WATFORD 
require a 
PALYNOLOGIST 


with Mesozoic and/or Paleozoic ex- 
perience to undertake studies of Well 
sequences and basin analyses. 

Salary nogotiable. 

Please apply in writing to: Paleo- 
services Limited, Unit 2, Polychrome 
Building, Sandown Road, Watford, 
Herts WD2 4UB. 9093(A) 


ASSISTANT PROFESSOR OF 
ANALYTICAL CHEMISTRY 


-tenure track, fall 1979. Send 
curriculum vitae with a 250-word out- 
line of your research interests. and 
request 3 letters of recommendation, to 
Dr D. H. Freeman (Chairman, Search 
Committee), Department of Chemistry, 
University of Maryland, College Park, 
MD 20742 U.S.A. E.0./A.A.E. 
8968(A) 











STUDENTSHIPS 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for a 
C.A.S.E. research studentship to work 
on the control of aerobic energy con- 
servation in bacteria during growth in 
continuous culture. The project will 
be supervised by Dr C. W. Jones 
(University of Leicester) and Dr J. 
Linton (Shell Research Ltd, Sitting- 
bourne). The studentship is tenable 
from October 1979 and the successful 
candidate will be expected to read for 
a higher degree. Applicants should 
possess, or expect to obtain, a good 
honours degree in Biochemistry ог 
Microbiology and should write to Dr 
C. W. Jones, Department of Bio- 
chemistry, University of Leicester, 
Leicester LE1 7RH enclosing a cur- 


riculum vitae and the names of two 
refarasa nnim 





AGRICULTURAL 
RESEARCH COUNCIL 
Institute of Animal Physiology 
Babraham, Cambridge CB2 4AT 
RESEARCH STUDENTSHIPS 


Applications are invited from recent 
graduates in Medicine, Veterinary 


Medicine, or holding a first or upper | 


second class honours degree in Science, 
and from students expecting to 
graduate this year, for ARC/MRC 
Studentships for Training in Research 
Methods. The following research pro- 
jects are offered: 


1. Effect of stress on glucose meta- 
bolism in lactation; 


2. Behavioural effects of electrical 
stimulation of the brain; 
3. Nutrition and neuronal develop- 


ment; | 
4. Protein digestion in ruminants; 
5 


. Protein metabolism in pregnancy 
and lactation; 


Hormonal control of gene expres- 
sion in target tissues; 


Lymphocyte antigens and histocom- 
patibility studies in sheep. 
Successful candidates will be 
encouraged to apply for admission to 
Cambridge University as registered 
research students. 

Applications giving birth date, 
nationality, full details of School and 
University record and the project 
favoured, with names of two academic 
referees should be sent to the Director, 
Dr B. A. Cross, FRS, by February 28, 
1979. 9127(F) 
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COURSES 





THE MEDICAL COLLEGE OF 
ST. BARTHOLOMEW'S 
HOSPITAL 
(Universitv of London) 
RADIATION PHYSICS 
IN MEDICINE 


Application are invited for the 


JOINT M.Sc. COURSE 
IN RADIATION PHYSICS 


which extends over one year for full- 
time students, or two academic years 
for part-time students, It comprises 
lectures and practical work on the 
applications of ionising radiations to 
Medicine and Health Physics. The 
Course is open to persons who hold an 
Honours Degree with Physics as a 
principal subject, and provides a suit- 
able basis for à career in medical 
physics. Physicists working with radia- 
tions in medicine or industry may be 
accepted as part-time students. The 
Course is recognised by the S.R.C. and 
M.R.C. for the award of Advanced 
Course Studentships. 


Further information and application 
forms can be obtained from the Secre- 
taries of the Departments of Physics 
at The Medical College of St. 
Bartholomew Hospital, Charterhouse 
Square, London ECIM 6BQ and The 


Middlesex Hospital Medical School, 
Cleveland Street, London WIP 6DB. 
9120(D) 


UNIVERSITY OF 
SOUTHAMPTON 


M.Sc./DIPLOMA 
IN BIOLOGICAL AND 
CHEMICAL METHODS 
IN PEST CONTROL 


This one-year course, which com- 
mences in October, is open to graduates 
in Biology, Chemistry, Biochemistry, 
Agriculture or any related subject. It 
provides instruction in modern tech- 
niques and methods used in pest man- 
agement, and is particularly suitable 
for graduates in Biology or Chemistry 
who wish to become proficient in 
relevant aspects of both subjects. 

Further information may be obtained 
from Dr J. W. S. Bradshaw, Depart- 
ment of Biology, Building 3, The Uni- 
versity, Southampton 509 SNH, please 
quote reference number 1604/R/N. 


| 














FELLOWSHIPS 


IMPERIAL CANCER 
RESEARCH FUND 
London, England 


VISITING FELLOWSHIPS 


The Council of the Fund invite 
applications for Visiting Fellowship 
to be held in any of the following 
the Central Laboratories of the fun 
at Lincoln's Inn Fields; Mil Hi 
Laboratories; the Breast Cancer Uni! 
Guy's Hospital; Cancer Epidemiolog 
and Clinical Trials Unit, Oxfor 
University; Medical Oncology Unit 
St Bartholomew's Hospital; or Tumou 
Immunology Unit, University College 
London. 

These Fellowships will be open t 
any applicant, irrespective of citizen 
ship who has (or is about to obtain 
à Ph.D. or its equivalent and who i 
tempcrarily or permanently residen 
outsice the UK. Remuneration wil 
be comparable with  postdoctora 
fellowships in country of origin; th 
азага will be for one year. Returt 
air fares at the lowest practicable rate 
wil Фе paid for the Fellow am 
familr, and medical insurance wher 
necessary. The award constitutes 
Contract of Service namely to under 
take specified cancer studies for 
stated period. Fellowships are no 
pensicnable. 

Application to the 
Research, imperial Cancer Researci 
Fund, Lincoln's Inn Fields, Londo: 
W.C.Z, England, should be accom 
panied by full C.V. and list of pub 
lications, the names of two referees 
an account of the applicants curren 
and proposed research extending te 
about 500 words, and a short atcoun 
of the relevance of the above work te 
the alleviation of cancer. The labora 
tory er unit in which the candidat 
wishes to work should be specified 
Closing date March 31, 1979. 9020) 
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UNIVERSITY OF KEELE 
RESEARCH FELLOWSHIP 


Polarography of Organic Cation: 


Appications are invited from Elec 
trochemists with Ph.D. or equivalen 
experience for a two-year Research 
Fellowship (S.R.C. Postdoctoral Re 
search Assistantship) to work with Di 
P. H. Plesch. Salary in scale £3,883 tc 
£4,631 per annum with membership ol 
Universities Superannuation Scheme 
Further particulars and applicatior 
forms from The Registrar, The Uni 
versity. Keele, Staffordshire STS 5BG 
England. Closing date, March 3, 1979, 

S047(E) 


UNIVERSITY OF OTAGO 
Dunedin, New Zealand 
UNIVERSITY 
POSTDOCTORAL 
FELLOWSHIPS 
The Council of the University invites 
applica:ions for University Postdoctoral 
Fellowzhips tenable in any Department 

of the University in 1980. 

In addition to contributing to 
current research programmes, the 
successful applicants will be required 


to undertake a limited amount of 
teaching. 

The total value of each Fellowship 
is NZ$10,000 comprising both emolu- 
ment and travelling expenses. The 
maximem amount paid as emolument 
is NZS8,500. This is taxable in New 
Zealand, The Fellowship is normally 


for ons year but under exceptional 

circumstances it may be renewed. 
Candidates who are offered a 

Fellowship must have successfully 


completed their doctorate before taking 
up appointment, All candidates must 
have reasonable expectations of come 
pleting their doctorate during the wear 
before chat for which the Fellowship 
is offered. 

Further particulars are available 
from the Association of Common- 
wealth Universities (Appts), 36 Gordon 
Square, London WCIH ОРЕ, or from 
the Registrar of the University, Р.О. 
Box S6. Dunedin, New Zealand. 


Applications close on March 1, 1979, 
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FELLOWSHIPS (continued) 


MIRC 


Medical Research Council 


Training Fellowships 
Scheme 1979-80 


Tenable in the U.K. 
The Council invites а 
for MRC Trainmg 


Eligibility Requirements — 
(candidates musthave been 


from surtably qualified candidates 


residenti the UK 


tA AU TORRES a cha NE 


application dats) 
(1) Graduates in medicine 
(2) Graduates in dentistry 


From post-regtstrabon up to Sanior Registrar orat least one year's 


postgraduate expenence 
(3) Graduates in science 


With PhD or D Phil or with MSc piusatieast3 addronal years’ 
postgräduate вурогегсө, up to mexamum senontyfor a 


non-clinical acad 


Training Available 


For (1), (2) and (3) анатаванне то orig kr bo 
basic subject relevantto a particular clinical interest 

For (1) and (2) at House Officer to Registrar or equivalent clinical 
academic level a suitable MSc or comparable course 


s nds ' 
{2)апа (3) а 


рой nass eheu 


NH га ае дашы 


orcurrentrelevantacademuc scales 


Tenure 


ленин ый asse (or dua bod o EE A 


Fue ERE NA ter 


Medical Research Council, Tem 


Crescent, London WIN 4AL (tel 


P 6x (ES) 


CLOSING DATE FOR APPLICATIONS: 28 ESAE 


1979. 


Late apphicatons cannot be considered. 


UNIVERSITE CATHOLIQUE 
DE LOUVAIN 
Belgium 
FELLOWSHIP 
IN PHARMACOLOGY 


Applications are invited for a Post- 
doctora] Research Follow to investigate 


FRAIND. ^ 

The E ee Ao їз tenable for at 
least commencing аз soon 
аз pombe dn Жа 1979. 

Salary is within the range 30,000 to 
35,000 Boigian francs." 

Applications with curneulum vitae 
and naming 3 references should be sent 


to nee 
of the University. 

Haller Universitaires 

Place de Cre 1 

148 LOUVAIN: 

Belgium 

A further copy should be sent to 

Professor T. GODFRAIND, Université 


9080(5 





UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF PHYSICS 
RESEARCH FELLOWSHIP 
IN THEORETICAL PHYSICS 
are invited for а pott- 

extended 


phymcs The fellowship is tenable from 
October 1, 1979 for p (о (гоо тусш, 
at an initial sal a mango ap 1o 
£4,382 per annum (under 
Further particulars may be obtained 
from Dr D J Wallace. 
pora should be sent to Mrs 
к^ Р Staffing Section, The 
шук, ipee ems 509 SNH by 


"March 2, 1979, quotns reference 1605/ 
с 


R/N, ginng a urrinlum vitae 
and the names of two referees. 








ASSISTANTSHIPS 


UNIVERSITY OF OXFORD 
DEPARTMENT OF THEORETICAL PHYSICS 
RESEARCH ASSISTANTSHIPS 
IN SOLID STATE THEORY i 
Applications are invited for two Research Assistantships in 
the Solid State Theory Group. These are funded by the Science 
Research Council to support an ongoing research programme 
on the theory of transitions and ered systems, and. 
to gtve theore support to experimental programmes in the 
Clarendon Laboratory. The appointments are temporary and 
tenable for one to two years from October 1, 1979. The salary 
is on the Research Support Scale 1A, currently £3,383 to 
£6,555 per annum (with U.S.S. membership). 
Applications, with the names of two referees, to Professor 
R. J. Elliott, Department of Theoretical Physics, 1 Keble 
Road, Oxford, by January 31, 1979. 9084(P) 


GRANTS & SCHOLARSHIPS 


IMPERIAL CANCER RESEARCH FUND 


BURSARIES FOR TRAINING IN RESEARCH 

A unall number of Bursaries will be awarded at the laboratories in 
Lmeoin's Inn Fields and Mill Hill for full-time studies leading to higher 
bna id in research fiekis relevant to cancer, that Include chemistry, celi 

and molecular biology. А 

The аага will be Pg) tbros years кш October 1, 1979 with 
а non-penzionab t £2, а your (ғи to tax) and, in some 
cases, additional alfo oic NS 

Applications are invited from Brinh subjects normally resident in the 
U.K ani not over 25 of age, who hope to obtain First or Upper 
Second class Honours богов ш Science in 1979. 


Further details and application forme available from 


Completed арріоаіюп forms should reach the 
at the above adde not later than February 14, 1979. 





DUBLIN INSTITUTE FOR ADVANCED STUDIES 
SCHOOL OF THEORETICAL PHYSICS 


Applications are invited for 
RESEARCH SCHOLARSHIPS 
tenable in the School during ‘the academic year 1979-80. A 
limited number of stipends will be available. These awards are 
normally made at postdoctoral level. 

For further particulars and Forms of Application candidates 
should apply immediately to, The Registrar, Dublin Institute 
for Advanced Studies, 10 Burlington Road, Dublin 4, Ireland. 

Completed applications should reach the Registrar not later 
than March 30, 1979. Өз 





‘CONFERENCES 


“PLANT CELL CULTURES: 
RESULTS AND PERSPECTIVES” 


AN INTERNATIONAL WORKSHOP 


sponsored by the International Union of Biological Sciences 
and Consiglio Nazionale delle Ricerche 
Pavia, Italy: August 1 to 3, 1979 


The workshop is open to all scientists actively. engaged in б 


research on plant cell cultures and their applications. The 


number of participants will be limited to 50 Deadline for 
applications: March 31, 1979. Further details from: 


Secretariat, Workshop ‘on Plant Cell Cultures 
c/o: Istituto Microbiologia e Fisiologia Vegetale _ 


100 PAVIA, I Е 
Р.О. Box 202. 27100 PAVIA, Itay = 
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BRL Electrophoresis 
Systems 
* Each lot tested SEQUENCING GEL 
for binding and dis- eer nee 
placement in a specific * Direct buffer — 
radioimmunoassay gel contac 


n-Propanol solvent provides clear, 
easy-to-read chromatographs 
Guaranteed <3% free iodide: <1% labeled organic impurities 
* Radiochromatogram included 


T3 Triiodothyronine, L-3,5 ,3' -[125I]- 
NEX-MO — 100-150uCi/ug 
NEX-00H  750-1250uCi/ug 


rT3 Triiodothyronine, L-3,3,5'-[:25]]-(reverse T3) 
NEX-09  750-1250uCi/ug 

T4 Thyroxine, L-[1251]- 

NEX-111 100-150uCi/ug 

NEX-M1H | 750-1250uCi/ug 

Higher specific activities available. 
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REPRINTS _ 


High-quality reprints of any paper 
published in Nature can be bought 
in bulk quantity (50 or more). 








This service is not restricted to 
authors. 


Typically, 100 2-page reprints 
would cost £18.90 (£23.50 by 
airmail): 1,000 would cost £41.35 
(£89.70 by airmail). Covers can also 
be supplied. 





Why not write to us for a quotation ? 
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4 Little Essex Street 
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paper wicks 
* Unique gasket system 
eliminates grease and 
clay seals 
* Comb and spacer sets for 0.4, 0.7, 15mm gels 
* Design eliminates need for fragile notched glass plates 
* Fully warranted for 90 days * cat. no. 1030-— 5350 


BRL Acrylamide—BRL Agarose 
INTRODUCTORY OFFER— 
NOW THROUGH FEBRUARY 28, 1978 
Purchase a SEQUENCING Gel Electrophoresis System 
and receive 100 grams of BRL Acrylamide with our 
compliments —ALSO— 


Purchase a BRL HORIZONTAL. Gel Electrophoresis 
System and receive 100 grams of BRL Agarose with our 
compliments. To order: 














1 R L Bethesda Research Laboratories, inc. 
411 N. Stonestreet Avenue, Rockville, Maryland 20850 
Call: (301) 340-0448, or (800) 638-8992 

Telex: 440582BRL XUI 
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NICHOLAS 
COPERNICUS 


VOLUME Il. ON 
THE REVOLUTIONS 


AN ENGLISH . — 
TRANSLATION 

BY Я 

EDWARD ROSEN 


lt is nearly 500 vears since Nicholas Copernicus. the 
father of modern physics. dedicated to His Holines 
Paul HI, his theories on physics in De Revolutionibus 
Orbium Coclestium. 


Now for the modern academic. unversed in mediaeval 
Laun. Professor Rosen has produced a new translation, 
together with a detailed commentary on ke complete 
Latin text. 

his is the 2nd volume in a planned 3 volume set of 
complete works of Copernicus organised by the Polish 
Academy of Sciences. Printed and bound зо a very high 
standard, it is a work of great scholarship and art in its 
own right. and a fitting companion to Volume L the fuil 
in 1972, 











colour facsimile edition published 
£33.00. 0 333 14530 5 


For further information please contact 
Rosemary David. Macmillan Press, 4 Litte Essex Street, 
London WC2R 3LF, 
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Sephacryl 
the different medium for gel filtration 


@ Faster separations: Sephacryl has speed and resolution to spare; separates 
proteins 5-10 times faster than conventional media. 


ө Faster packing: Sephacryl is pre-swollen, ready-to-use and packs fast. 
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long with at most six displayed items 
(figures and tables); they are reports of 
major research developments. 
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research of unusual and wide interest, 
not in general longer than 1,000 words; 
they have at most three or four 
displayed items. 
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discussion (up to 300 words) of papers 
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abstract of not more than fifty words. 
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giving the background and main 
conclusions in terms intelligible to as 
wide a readership as possible. 

Manuscripts may be submitted either 
to London or Washington. Three 
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including lettered copies of figures. 
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be numbered. References, tables and 
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pages. Experimental detail vital to the 
Paper yet which would interrupt the 
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Systeme International. Greek 
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margin on their first appearance. 
Equations should occupy single lines 
if possible; exp (a) is preferred to e if ‘a’ 
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References are indicated by 
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(i) only one reference number need be 
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(ii) first and last pages of references 
should be cited. 

Abbreviations should follow the 
World List of Scientific Periodicals, 
fourth edn (Butterworth, 1963-65). 
Symposia are often difficult to refer to 
and only published or soon-to-be- 
published volumes should be mentioned 
in references. Their publisher and place 
of publication should be clearly indicated. 
"Personal communication’ and ‘unpub- 
lished" should be incorporated in text. 

Artwork should be sent with the 
manuscript and clearly marked with 
author's name and the figure number. 
Line drawings should be either 
photographic prints or in Indian ink on 
heavy cartridge paper, tracing paper or 
similar materials. Most figures are 
reduced to one column width so originals 
should be about as wide as a page of 
Nature. To enable figures, particularly 
maps, to be edited in the same style as the 
text, they should contain only essential 
material. Ideally, an unaltered original 
and three lettered copies should be 
provided; labelling on half-tones should, 
if possible, be avoided entirely. 
Magnifications quoted should be for 
the figures as submitted. We are always 
glad to see artwork for possible use on the 
cover, but cannot guarantee its return. 

In order to save on postal expenses we 
return only the top copy and artwork of 
manuscripts that we cannot publish. 

. Nature's publishing policy is outlined 
in 258,1 (1975)and 264, v, 11 Nov. (1976). 
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The next generation of weapons 


In THE late 1960s there was widespread debate in the United 
States on the advisability of installing defences against 
intercontinental ballistic missiles (ICBMs). At that time 
the intentions were to install radars around sites to be 
defended and to fire nuclear-armed rockets at any incoming 
missile. A defending rocket would not necessarily have to 
score a direct hit on an attacker—a nuclear explosion in 
its vicinity would suffice. 

Such an anti-ballistic missile. ог ABM = system would 
have cost an immense amount and could have hardly 
guaranteed 100% protection. Further, its very existence 
would have been an encouragement to the nuclear super- 
powers to find means of rendering it ineffective. On the 
other hand, even a partial defence of a major constituent 
of a nation's deterrent was not to be lightly dismissed. In 
the event, after long and highly-informed public technical 
discussions, it became clear that neither superpower was 
strongly committed to ABM, and a bilateral treaty was 
signed in 1972 severely restricting deployment. 

Military technology has not stood still, however, and 
new ways of attacking targets such as ICBMs have recently 
been the subject of a growing amount of interest. Are 
lasers or particle beam weapons a serious option? Research 
is being carried out in the United States and almost 
certainly in the Soviet Union to try and answer this 
question, and recently debate has moved into the public 
arena, notably with Richard Garwin’s article on beam 
weapons in the October 1978 issue of the Bulletin of the 
Atomic Scientists, and with a series of articles in Aviation 
Week, also in October, on beam weapons research. 

A report has recently been issued by MIT's Program 
in Science and Technology for International Security 
(Particle Beam Weapons, obtainable from the Department 
of Physics, MIT). In it, a study group reports in technical 
terms on the pros and cons of beam weapons in the 
environments both of space and on the ground. 

A beam weapon damages its target by cracking its outer 
shell, by damaging the electronics or by exploding the 
warhead's trigger. Typically, to do any or all of these 
things with a beam of area one square metre, of the order 
of 100 megajoules would have to be delivered. This is not 
impossible. On the ground jet engines could be used; in 
space 60 kilograms of high explosive detonated per second 
would provide the necessary energy per pulse. 

Propagation is more problematical. In space, charged 
particles are of no use. They leave an opposite charge on 
the generator which attracts them back towards the gun: 
it is estimated that a 1GeV, 1,000 amp electron beam with 
a l-cm radius would get only a metre beyond the 
accelerator's exit port. Even if a charged particle beam 
could propagate, it would be degraded over thousands of 
kilometres by Coulomb repulsion, and deflected by the 
geomagnetic field which is imperfectly known in space. 

Neutral beams don't suffer the same problems, but even 
so, gamma-rays and neutrons are not easily concentrated 
to square-metre cross-sections at thousands of kilometres. 
Hydrogen atoms look more promising. They can be 


accelerated in a linear accelerator to several hundred MeV 
as hydrogen with a second electron in the 2s state, or H'. 
The beam can then be aimed with a magnetic lens and the 
electrons stripped by passage through gas. The divergence 
introduced by stripping leads to a less than ideally con- 
centrated beam, but even so the components of a hydrogen- 
beam system appear, in the words of the report 'physically 
feasible’. 

Within the atmosphere, charged beams ionise air and 
this ionisation makes propagation possible. On the other 
hand the beam is degraded both in energy and cross-section 
by scattering. What can happen, however, is that a beam 
of, say, electrons depositing energy along a path through 
the atmosphere heats that channel, and within a small 
fraction of a second air density has dropped to a tenth, 
or even less of normal In effect, a hole can be bored 
through the atmosphere, and for perhaps one-tenth of a 
second can permit pulses of electrons to travel relatively 
unimpeded. Many questions remain to be answered, but 
the possibility of an electron beam of a few thousand amps. 
consisting of ten thousand or more 100-nsec pulses, being 
able to damage an incoming missile ‘cannot be excluded’. 
Nor, the group find, is there any compelling reason to 
conclude that exoatmospheric accelerators for H^ atoms 
or ground-based electron accelerators could not be built 
at some time in the future. 


Even if the system can be made to work, however, it 
has to do so in conditions of war. In space a hydrogen 
beam might be used either against satellites or to attack 
ICBMs. At ground level an electron beam might be used 
as a terminal defence against ICBMs or, at sea, to protect 
a ship against cruise missiles. In all instances a direct hit 
is called for (which means accuracies from radars of up 
to a few parts in a million), and ever after such a hit there 
may be no immediate indication of success, And if the 
beam misses, it seems near to impossible to determine by 
how much. Further, the system is open to all the jamming 
measures that were once discussed in the ABM debate and 
if the accelerator were in orbit and receiving instructions 
from the ground that link would be particularly vulnerable, 
What is more a hydrogen beam would be completely 
disrupted by the slightest amount of air in space, so à 
defensive measure could be to fire an explosion in the 
upper atmosphere, lifting air into space. 


The ABM debate is being replayed. An immensely 
difficult and expensive technical mission, with serious 
questions at every turn, will be ventured into for fear that 
the other side just possibly might secure an advantage. 
There are powerful forces to move the programme forward 
and spend a lot of money; and for all we know there could 
be success at the end of the road. There is an arms-control 
means of stopping development, however. The 1972 treaty 
noted that if ABM systems ‘based on other physical 
principles’ emerged, discussions would be held on limiting 
such systems. Beam weapons clearly fall into this category. 
Talks should start soon, even if at present there are no 
plans for deployment. cl 
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Low energy, but lots of loot in UK forecast 


Energy needs in the UK in the year 
2000 will be at most 3% more than 
in 1976, and may even be 6% less, 
according to a report published by the 
International Institute for the Environ- 
ment and Development last week. The 
report emphasises the savings that can 
be made by introducing proven con- 
servation technologies, and allows for 
a trebling of Britain's gross domestic 
product (GDP). Та contrast, the 
present official forecast of the Depart- 
ment of Energy (DOEn) projects an 
energy growth of some 35% to 70% 
by 2000 after allowing for a 20% 
saving through conservation measures. 

The ITED forecast may nevertheless 
not be extreme. The DOEn admitted 
last week that their 205 conservation 
figure was a rough one, and said that 
they had been waiting for nearly a 
year for a response to it. Their figure 
was based on consumer research by the 
Electricity Council and the Gas Boards, 
advice from the Department of the 
Environment on the progress of in- 
sulation of buildings, "and many other 
sources", but was open to revision. The 
IED report would have its impact on 
the forthcoming Green Paper on 
energy futures, said a spokesman, 
although there was too little time to 
take it fully into account. 

Mr Gerald Leach, the author of the 





A low energy strategy for the UK 
(Science Reviews Ltd and ПЕР) £7.50. 
Obtainable from HED, 10 Percy Street, 
London МІ. 
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energy optimist 
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energy strategy for 
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optimist—but the Financial 
last week saw it differently. Thinking 
no doubt of the markets lost to the 
energy supply industry, the sub- 
editor had headlined the story about 
Leach's report “Bleak forecast for 
But Gerald Leach's 


UK energy". 
interests do not lie with big business. 


Gerald Leach is 44, and left 
science writing and broadcasting (for 
the BBC and the Observer) in 1972. 
At the Observer he had become in- 
terested in the works of Commoner 
and Ehrlich, and had accumulated 
"shelves of fascinating books with no 
time to read them. As a journalist I 
felt I was skating over an ocean." 
Then he met a representative of the 
Ford Foundation at the Stockholm 
environment conference, cheque book 
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report, said last week that far from 
having an energy gap the UK had "a 
great deal of room to manoeuvre on 
supply options, without extreme mea- 
sures". Much of the necessary con- 
servation technology — such as heat 
pumps for domestic space heating and 
efficient internal combustion engines— 
will become available in the 1980s, he 
argued, when the devices will begin to 
replace existing equipment. Cost 
savings in running the technology will 
lead to its adoption by the consumer 
with little or no encouragement from 
the givernment, he argues. "We have 
found that it is astonishinglv easy to 
save energy" said Mr Leach. "We 
began this work as energy pessimists, 
but now we are optimists". 

Many of the measures are emerging 
as a result of the 1973 oil crisis, savs 
the report, when it became fashionable 
as well as expedient to consider ways of 
saving energy. The effect of this work 
is mostly yet to come. The Royal In- 
stitute of British Architects, for 
example, has enthusiastically adopted 
conservation. an attitude which has 





in hand, and his new career began. 

He produced a series of reports for 
various bodies on energy matters, 
including Energy and Food Produc- 
tion (for HED), Fuel conservation: 
options for aviation (for OECD), 
Nuclear energy balances in a world 
with ceilings (for HED), and gave 
evidence on energy futures to the 
Windscale inquiry on reprocessing. 
He defended "Limits to growth" at 
the Royal Society, did "a big splash" 
in the Observer; but “I began to feel 
uncomfortable, Early on he realised 
the importance of “saturation” 
effects—such as a ceiling on the 


already resulted in buildings using half 
as much energy as before for only a 
2 to 3% cost penalty. but building 
stock is replaced only slowly. In the 
home, lights, cookers, and heaters will 
soon enjoy "very substantial increases 
in efficiency". Small-scale heat pumps, 
such as the one being designed by the 
Gas Boards, are "at an advanced stage" 
and will make a dramatic impact, The 
motor industry is designing cars with 
a 50% reduction in fuel consumption. 
Industry uses 40% of primary energy, 
"but a large proportion of that is in 
heating poorly insulated buildings, 
where strict regulation is on the way” 
says Gerald Foley, one of the team 
that produced the report. Indeed the 
government has already adopted 
measures which will improve industrial 
conservation. “The result is that aH 
across the board there is slack" said 
Mr Leach. "For example, we predict 
a need for only 26-30GW by 2000, 
whereas the DOEn assumes 83 GW. 
Quite clearly there is no need for 
nuclear; we have assumed 44 to 65 GW 
to keep the industry in business. The 
breeder reactor could be postponed 
indefinitely." Even renewable sources 
were not strictly necessary: the report 
assumes 4-6 million tonnes of coal 
equivalent produced in 2000 from 
alternative sources, compared with 10 
in the DOEn projection. 

The report may, however, have 
assumed unrealistic substitution rates. 
The most uncertain element may be 
the cost of the new technology, and of 


number of cars, or the temperature 
of a house. or conservation. Growth 
might limit itself. 

“Early in 1976 Га finished a pro- 
ject and I went down to Her Majesty's 
Stationery Office to read all the gov- 
ernment reports on energy. There 
turned out to be only 4 pages on 
futures." But the US was much further 
ahead. “My first task was to con- 
vince the Ford Foundation that we 
were so far behind". Then he got the 
grant, and the study was under way 
under the wing of the International 
Institute for the Environment and 
Development. “The original proposal 
to Ford was on alternative sources 
with a bit of conservation" said 
Leach. “Then we began to feel 
strongly about disaggregation”, cal- 
culating energy futures by adding up 
all possible uses rather than using 
macroeconomic trends. It — also 
emerged that previous reports were 
unduly moderate on conservation. 
The result was the low energy predic- 
tion just published. п 
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fuels which will affect substitution. 
“We will be attacked by economists” 
admits Leach. The report has adopted 
apparatus replacement rates of some 
5% per year after the new technology 
becomes available. Thus heat pumps 
have a 15-20% penetration of the 
market by 2000. But in housing the 
report allows until 2010 before all 
houses have 4 inches of loft insulation, 
and cavity walls are filled. 

So far, the Department of Energy 
response has been friendly, and mildly 
defensive. "My feeling is that there is 
a lot of work to do yet in conservation 
in our methodology" said a spokesman. 
"We are only scratching the sur- 
face . . . But has Gerald Leach only 
taken the most favourable answers 
from all his inquiries? In our last 
green paper we took advice from the 
department of transport, the oil com- 
panies, and car manufacturers among 
others. Most thought that 20% con- 
servation was ambitious. Mr Leach is 
applying current best practice across 
the board, and concludes that one can 
increase that 2 or 3 times. That may 
be wishful thinking.” 

The team responsible for the ITED 
report consisted of Gerald Leach, 
Christopher Lewis, Frederick Romig. 
Ariane van Buren, and Gerald Foley. 

Robert Walgate 


... and the view from across the Atlantic 





Forecasts of US primary energy demand in 2000 AD 
(in quads = 10!5 BTU) 
(1975 consumption 75 q) 





Year of forecast 


Source of forecast 





conventional m 
beyond the pale heresy wisdom superstition 
1972 125 140 160 190 
Lovins Sierra Club AEC Fed Power Comm'n 
1974 00 124 140 
FF (Zero growth) FF (Tech. fix) ERDA Edison Electric Inst. 
1976 75 89-95 124 140 
Lovins v H and W-—Lovins ERDA Edison Electric Inst. 
1978 - 95-100 123-124 
Steinhart CONAES panel CONAES, DO&E-IEA | RDE-—Ralph Lapp 
(for 2050) (for 2010) 
Energy forecasts have been falling in consumption. 
many countries, not only the UK. Abbreviations used: AEC, Atomic 
Amory Lovins has communicated this Energy Commission; FF, Ford 


table of US forecasts for the year 2000, 
produced by various bodies over the 
last six years. "Read diagonally, the 
matrix has considerable predictive 
power" says Lovins. The September 
1978 Department of Energy forecasts 
were not known when the table was 
first prepared. However, there is con- 
siderable subjective judgement involved 
in the choice of columns and of fore- 
casts to fit them, Read literally, the 
matrix predicts that the conventional 
1980 US forecast for the year 2000 
will be some 70 quads, less than 1975 


Black year for Soviet refusniks 


1978 was, in general, a black year for 
Soviet refusnik scientists, marked by 
increasing harassment and the impri- 
sonment or exile of a number of the 
best-known of them. However, the year 
ended on a note of partial triumph— 
in the last week of December the “Ѕип- 
day seminar" for refusniks achieved its 
long-standing aim of an international 
meeting with the participation of scien- 
tists from USA, France and the UK. 
Inevitably a number of the intending 
foreign visitors failed to receive the 
necessary visas. Five of the eight 
would-be participants from the US had 
their visas revoked—evoking a state- 
ment of censure from the Committee 
of Concerned Scientists saying that it 
"found it unconscionable for the USSR 
to seek to prevent American scientists 
from engaging in scientific discussions 
with Soviet colleagues". The confer- 
ence, it claimed, was “an excellent 
example of the kind of unofficial, non- 
governmental exchanges provided for 
by the Helsinki Final Act." 
"Non-governmental" exchanges do 
not fit easily into the Soviet concept of 
science, and previous attempts of the 
seminar group to hold an international 
meeting were less successful. In 1974, 
no foreign visas were issued and the 
leading Soviet participants were ar- 
tested. Nevertheless, the proceedings 
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of the "Conference that never was" 
were published in the regular manner, 
and limited foreign participation was 
permitted in the April 1977 meeting to 
commemorate the fifth anniversary of 
the founding of the seminar. 

The apparent acquiescense of the 
Soviet authorities with regard to last 
month's meeting seem due rather to 
international pressure than to any 
change of heart. Continuing routine 
surveillance of the venue—the flat of 
Viktor Brailovskii—during the semi- 
nar, and a thorough police search with 
confiscation of his recent scientific ma- 
terial and his Lenin library ticket made 
this clear. A number of other intend- 
ing participants suffered like harass- 
ments. 

Nevertheless, the meeting itself took 
place. The main purpose of last 
months gathering was to bring the 
refusniks abreast of recent Western 
developments. 

The chosen title "collective pheno- 
mena" allowed a wide range of sub- 
jects. The US participants presented 
work in statistical physics and vortex 
motion in superfluid ‘He, while the 
French contributions ranged over cry- 
stal physics, axiomatic quantum field 
theory, one-dimensional conductors, 
and what one participant described as 
a “very pretty" result in percolation 


Foundation; ERDA, Energy Research 
and Development Administration; vH 
and W, von Hippel and Williams; 
CONAES, the Committee on Nuclear 
and Alternative Energy Systems of the 
US National Research Council; and 
DOE, Department of Energy. In 1976 
Lovins’ two forecasts were private 
(75q) and publie (95q, published in 
Foreign Affairs), In 1978 the CONAES 
panel used three scenarios, as did the 
DOE (varying with projected oil 
price). Г] 


theory. Since this last contribution re- 
quired no specialist background, it was 
of particular value to the refusniks, 
many of whom have inevitably fallen 
irrevocably behind in their original 
field, and who therefore wish to extend 
their acquaintance with other subjects. 
Local contributions were, under- 
standably, somewhat hampered by the 
extremely restrictive nature of refusnik 
life—lack of access to experimental 
facilities and to new results in par- 
ticular. Nevertheless, a wide range of 
subjects was attempted, including soli- 
tons, plasma physics, and quantum 
field theory. Yurii Orlov, one of the 
few non-Jewish members of the 
original seminar group, could not be 
present in person—he is at present 
serving a 12-vear sentence for “‘anti- 
Soviet agitation and propaganda". A 
paper of his cn "Wave logic", an 
alternative to conventional two-valued 
logic, more appropriate to quantum 
mechanics was presented in absentia. 
Another gentile who has always 
taken a keen interest in the Seminar, 
is academician Andrei Sakharov. To 
the delight of all participants, Sakharov 
attended the first session. Other notable 
Soviet participants included Aleksandr 
Lerner, Grigor Rozenshtein, Yuril 
Fishman, Yurii Golfand and Yakov 
Alpert. Vera Rich 
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Psychosurgery supporters sued for malpractice 


David Dickson reports from Boston on a little-publicised court 
case that has revived debate on the psychiatric use of surgery 


Two prominent supporters of the use 
of surgery to control the behaviour of 
individuals are being sued for mal- 
practice by a former patient who, it 
is claimed, is now confined to a mental 
hospital as a direct result of the treat- 
ment that he received. 

The charge of negligent treatment 
has been made against Dr Vernon H. 
Mark, Director of the Neurosurgical 
Service at Boston City Hospital, and 
Associate Professor of Surgery at Har- 
vard Medical School, and Dr Frank R. 
Ervin, now Professor of Psychiatry at 
the University of California in Los 
Angeles. 

Dr Mark and Dr Ervin became the 
centre of a fierce public controversy in 
1967 when, in a letter to the Journal 
of the American Medical Association, 
written with Dr William H. Sweet, 
Professor of Surgery at Harvard Medi- 
cal School, they suggested that brain 
dysfunction in individuals might have 
contributed to the urban riots that 
swept several American cities in the 
late 1960s—and that people with ‘low 
violence thresholds’ should therefore 
be diagnosed and treated before they 
contributed to further such tragedies. 

Three years later, Drs Mark and 
Ervin published a book Violence and 
the Brain in which they wrote that 
they intended to stimulate a “new 
biologically-oriented approach to the 
problem of human violence” and that 
this should lead to a “more rational 
approach" to the problems of violence. 

The suit claiming malpractice has 
been filed by the mother of Mr 
Leonard A. Kille, previously a re- 
search and development engineer with 
the Polaroid Corporation. It is being 
handled by the Washington law firm 
on which Health Secretary, Mr Joseph 
Califano, was once a senior partner. 

While working for Polaroid, Mr 
Kille headed a team that was respon- 
sible for a number of patents on the 
land camera. He received treatment, 
including brain surgery, from the two 
defendants in 1966 and 1967 and he is 
generally taken to be the patient 
‘Thomas R.' described in Violence and 
the Brain as a “brilliant 34-year-old 
engineer with several patents to his 
credit", whose treatment Dr Mark and 
Dr Ervin say represented the first time 
they were able to demonstrate that 
systems in the limbic brain both start 
and stop attack behaviour. 

According to evidence presented to 
a jury which is currently considering 
the charges in a Boston court-room, 
Mr Kille was referred to the Boston 
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General Hospital in 1966 after a his- 
tory of epileptic seizures and outbursts 
of violent behaviour mainly directed 
towasds his wife. He was diagnosed as 
having psychomotor seizures and 'per- 
sonality pattern disturbance', and sub- 
sequently as suffering from temporal 
lobe epilepsy. 

Following apparently unsuccessful 
attempts by the hospital to treat him 
with a variety of drugs, Dr Mark and 
Dr Ervin implanted a series of elec- 
trodes in his brain, the stimulation of 
certain of which relieved his aggressive 
symptoms. They subsequently per- 
formed an operation by making small 
bilateral lesions in his medial amygdala 
through heating the electrodes. 

Immediately after the operation, 
according to evidence presented in the 
court, Mr Kille’s behaviour seemed to 
have improved. At one point for ex- 
ample, he said that he ‘felt like a new 
person’, However, shortly after his 
release from hospital his violent ten- 
dencies returned, and a month later 
he was admitted to a west coast hos- 
pital where he was described as 
"hallucinated, delusional and con- 
fused" and diagnosed as schizophernic 
and paranoid. 

A succession of hospitalisations and 
subsequent discharges followed, with 
continued signs of aggressiveness and 
belligerence. Mr Kille was eventually 
placed under permanent care at the 
Bedford Veterans Administration hos- 
pital, 25 miles north of Boston, where 
he is now confined. In the suit that has 
been filed on his behalf, it is now 
claimed that he was "rendered of un- 
sound and unbalanced mind" as а 
direct result of negligent treatment by 
Dr Mark and Dr Ervin. 

In particular, it is alleged that the 
surgeons failed to inform him fully of 
the risks and ramifications of the sur- 
gical procedures that they were recom- 
mending, and that they therefore 
failed to obtain his informed consent. 
A charge of battery resulting in per- 
manent injury and incapacitation has 
been made and damages of $2 million 
are being sought. 

During the court proceedings, the 
plaintiffs have claimed that the sur- 
geons considered that they were treat- 
ing a behavioural, rather than a 
medical, condition (in their book they 
describe T. R.’s chief problem as being 
his violent rage). and that although the 
procedures they were adopting should 
have been described to Mr Kille and 
his wife as experimental this was not 
in fact done. 


Suggesting that there might also 
have been a conflict of interest be- 
tween medical and scientific priorities, 
the plaintiffs have pointed out that Dr 
Mark told a neuroscience seminar in 
December 1966 that inserting elec- 
trodes in the brain for therapeutic 
reasons served a dual purpose since it 
had “real value both to the patient and 
to our scientific enquiry". 

They have also quoted a passage 
from a later printing of Violence and 
the Brain in which Dr Mark and Dr 
Ervin state that "four years have 
passed since the operation, during 
which Thomas has not had a single 
episode of rage. He continued, how- 
ever, to have an occasional epileptic 
seizure with periods of confusion and 
disordered thinking”. This indicates 
that the surgeons were primarily con- 
cerned with altering their patient's 
behaviour rather than his medical con- 
dition—and that they felt they had suc- 
cessfully treated the former. 

The defendants have replied to the 
various charges by saying that Mr Kille 
was diagnosed as suffering from tem- 
poral lobe epilepsy, which gave rise to 
his seizures, and that given the state of 
medical knowledge at the time, as well 
as the patient’s failure to respond to 
more conventional treatment, the sur- 
gical procedures that they took were 
appropriate. 

They also claim that during the 
meeting at which Mr Kille and his wife 
formally gave their consent to the 
amygdalectomy operation, it was ex- 
plained that there was roughly a one- 
third chance that the operation would 
successfully relieve his symptoms, a 
one-third chance that there would be 
some improvement, and a one-third 
chance that there would be no im- 
provement or a deterioration. 

Finally responding to the published 
description of the patient T. R., Dr 
Mark told the jury that this was a 
composite case history with detail 
taken from a number of patients, and 
that it should not be taken as describ- 
ing exactly the case of Mr Kille. 

The whole case has revived the 
debate on the ethics of psychosurgery 
which flourished at the beginning of 
the decade. Two years ago, following 
widespread public concern on the 
issue, the National Commission for the 
Protection of Human Subjects of 
Biomedical and Behavioural Research 
issued a report which, to the surprise 
and disappointment of some and the 
delight of others, gave psychosurgery 
its approval in some circumstances. 

Though professing to an initial scep- 
ticism, the report drew on studies 
showing that a large number of 
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patients had been successfully relieved 
of pain or depressive symptoms as a 
result of such surgery to support the 
contention that it was a potentially 
beneficial therapy 

Others still claim, however, that 
although psychosurgery may be effec- 
tive in alleviating symptoms such as 
pain and depression, this is frequently 
at the expense of sacrificing other 
aspects of the individual’s identity, 
such as emotional responsiveness and 
creativity. It is also claimed that the 
psychosurgeons approach reduces 
social behaviour to a purely biological 
phenomenon, thus denying a range of 
environmental factors which alter- 
native forms of treatment, such as 
psychotherapy, can take into account. 

“There is no scientific foundation 
for attempting to control a specific 
aspect of social behaviour by destroy- 
ing a portion of the human brain”, 
says Dr Stephan Chorover, Professor 
of Psychology and Brain Science, at 
the Massachusetts Institute of Tech- 
nology, who has given evidence during 
the court hearings. “Тһе main thrust 
of this approach to social problem solv- 
ing is that it tries to localise the prob- 
lem in ‘defective individuals’ and 
therefore embodies a decision not to 
search for problems in the larger social 
system". 

Whichever way the court decision 
goes, it is unlikely to resolve the wider 
philosophical issues surrounding the 
use of psychosurgery, since the matters 
on which the jury has been asked to 
judge relate essentially to the adequacy 
of the medical procedures followed 
prior to and during the treatment. 

At the same time, however, it could 
provide a precedent for further legal 
actions. Already a second case is being 
brought on behalf of a girl who, at the 
age of 19 but without her consent, and 
after a series of electric shock treat- 
ment but minimal psychotherapy, had 
a cingulotomy—a lesion of the cin- 


gulum— performed by another Boston 
surgeon. This case is scheduled to be 
heard shortly Г] 
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More dangerous smallpox labs? 





Above: the smallpox laboratory at 


bottom left. 


As FAR as the World Health Organisa- 
tion (WHO) is aware there are now 
nine laboratories in the world holding 
live smallpox virus; but only three of 


them—those in London, Hamburg and 
Atlanta—are known to match up to 
WHO smallpox laboratory safety 


recommendations. The laboratories at 
St Mary's Hospital, London and the 
Centre for Disease Control, Atlanta 
are to become WHO collaborating 
centres for poxvirus research; so is the 
Research Institute of Viral Prepara- 
tions, Moscow, which is currently 
making modifications to come up to 
the WHO standard. 

The Institut fur Schiffs und Tropen- 
krankheiten in Hamburg, the Rijks 
Institut voor de Volksgezondheid, Bilt- 
hoven, the Netherlands, the US Army 
Medical Research Institute for Infec- 
tious Diseases and the American Type 
Culture Collection are all considering 
either destroying or transferring their 
viruses to one of the WHO collabor- 
ating centres. The latter three labora- 


Birmingham 
escaped last August. A possible route of infection 


which the 


virus 
appears 


from 


cable 


University 


through a duct 


tories have not been visited by WHO 
The other two laboratories currently 
holding smallpox virus are in Peking 
(which WHO hes no plans to visit) and 
South Africa, which does not come up 
to standard, is storing the virus, but 
doing no research. Only the Centre for 
Disease Contro! in Atlanta is doing 
smallpox research at the moment 

The risks o? laboratory infection 
should be seen in proportion, however 
The WHO smallpox eradication unit 
has reduced the death rate from the 
disease from one million per year 10 
years ago to probably zero this year 
And smallpox is not an trans- 
mitted disease: it is not as infectious 
as flu or measles, for example 1 
© Correction: six white coats 
laboratory worker recommended 
by the Howie report on a code of prac- 
tice for the prevention of infection in 
clinical not the Godber 
report on dangerous 
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Scientist may sue over **Golden Fleece" award 


Tur Supreme Court has agreed to rule 
on whether Senator William Proxmire 
committed libel when he made a 
"Golden Fleece" award to a scientist 
engaged in a study for NASA of 
teeth-clenching by monkeys. 

Senator Proxmire, who is chairman 
of the Senate Appropriations Subcom- 
mittee responsible for the budgets of 
both NASA and the National Science 
Foundation. has frequently made such 
awards to esoteric- or naive-sounding 
research projects, which he claims to 
be an unncessary drain on the public 
purse. One recipient of the award was 
a research scientist, Dr Ronald R. 
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Hutchinson, of Kalamazoo, Michigan, 
who, according to Mr Proxmire, has 
received more than $500,000 in federal 
funding for research that includes 
measuring the latent aggression of 
laboratory monkeys under various con- 
ditions by recording electrical impulses 
in the jaw muscles 

Although NASA has said that the 
work was of particular importance in 
its efforts to identify aggressive per- 
sonality traits in selecting crews for 
long space flights, Mr Proxmire called 
the research an outrageous example of 
*wasteful, extravagant, stupid spend- 
ing" 


A lower cour: rejected a libel action 
for $8 million brought by the research 
worker partly cn the grounds that he 
had become a "public figure" by 
soliciting government grants and pub- 


lishing occasional articles in profes- 
sional journals. Senator Proxmire also 
claimed legislative privilege The 


Supreme Court has now agreed to hear 
an appeal from Dr Hutchinson, who 
claims that, as a result of the award 
he has suffered injury to his reputation 
illness. mental anguish and prospective 
loss of economic advantage 


David Dickson 
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MRC calls for more research students despite poor job 
market: In a generally bleak annual report, the UK 
Medical Research Council (MRC) has announced it is to 
recruit young scientists "despite the current shortage of 
longe term career openings in the universities". However, 
the MRC will introduce three new measures to alleviate 
some of problems of the most able research workers and 
to bolster confidence that the UK will provide opportunities 
for scientists of “really high ability to develop their talents". 
The new measures are: a salary grant scheme to permit 
university staff to work full time on research projects of 
a very high standard; a similar scheme to provide a small 
number of clinical research posts for clinical academic 
staff in the country's medical schools; and five-year 
renewable fellowships for “particularly able people" to 
bridge the period between a researcher's first employment 
and subsequent permanent post. The MRC aims to appoint 
three such fellows a year, building up to a total of 15. 

The report makes no mention of scientists currently in 
employment on short term contracts. According to a recent 
AUT estimate there are 5,000 researchers in the UK on 
short-term contracts funded by the MRC and an additional 
1,700 registered as unemployed with the Department of 
Employment. (Medical Research Council Annual Report 
1977-78 (HMSO) £3.75). 


Czech Chartist jailed for nine months: Dr Jaroslav Sabata, 
a former professor of psychology and one of the three 
spokesmen of the Czechoslovak Charter 77 human 
rights group. was sentenced last week to nine months’ 
imprisonment on the formal charge of “insulting a police 
official”. Dr Sabata, who was a prominent Communist 
Party official during the “Prague Spring" of 1968 and who 
has since served five years of a seven year prison sentence 
for dissident activities, is a fervent advocate of closer links 
between the human rights movement in East European 
countries. His arrest last October near the Polish-Czech 
frontier took place during a series of meetings between the 
Czech Chartists and the Polish “Committee for Social Self- 
Defence". Authorities on both sides of the frontier tried to 
prevent the meetings. 

During the trial, the procurator described Sabata as a 

"criminal" whose activities threatened the whole Czecho- 
slovak people—a clear indication that his real offence in 
official eyes is his constant campaigning for personal. 
political and academic freedom. 
Australia restructures its science planning: Following the 
report of the first inquiry into the functioning of the Com- 
monwealth Science and Industry Research Organisation 
(CSIRO) since 1949, the Australian Government has 
announced a restructuring of CSIRO's top management to 
"facilitate closer liaison between researchers and users of 
research results, particularly industry". Described as an 
“update” rather than a “shake-up”, the move organises the 
37 CSIRO divisions with their staff of 7.000 into five in- 
stitutes, each with a new director. The old executive struc- 
ture of five full-time members and four part-timers has 
been replaced by a new policy-making body composed of 
three full-time members plus the directors of the new 
institutes. The identity of the 37 divisions has been pre- 
served and the autonomy of CSIRO is not affected. 

The new groupings and their directors are: Institute of 
Animal Sciences (Dr K. A. Ferguson) Institute of 
Biological Resources (Mr M. V. Tracey); Institute of Earth 
Resources (Mr I. E. Newman); Institute of Industrial Tech- 
nology (Professor Emeritus H. W. Worner); Institute of 
Physical Sciences (director to be appointed); and the Bureau 
of Scientific Services (Mr S. Lattimore). 
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Ustinov on Einstein: Peter Ustinov 
(right), actor, writer and director, 


will on 14 March introduce and 
narrate a special two-hour BBC 
television programme celebrating © 


the centenary of Einstein's birth. f 
Ustinov, for whom mathematics and ( 
Science were a total mystery when 
he was at school, has proved to be 
"a perfect student", according to 
producer Martin Freeth. The pro- | 
gramme will concentrate on general 
relativity, the most difficult of 
Einstein’s theories and features 
experimental and theoretical physi- 
cists Kenneth Brecher, Wallace 
Sargent, Irwin Shapiro, Roger 
Penrose, John Wheeler, Sidney 
Drell and Dennis Sciama. Written 
by Nigel Calder, the programme 
was filmed on location at the 107 inch reflecting telescope 
at the McDonald Observatory of the University of Texas. 
The programme will also use supporting film from other 
research centres showing current research results that 
support Einstein's theory. 





Expanding Third World does not bring unemployment: 
Developing countries no longer simply sell raw materials in 
exchange for manufactured goods but are becoming manu- 
facturing nations in their own right, and their increase in 
productive capacity is now being felt in the industrialised 
countries. Between 1972 and 1976, imports of manufactured 
goods to EEC countries increased from $27 billion to $76 
billion. Experts consulted by the EEC have now cautioned 
against imposing trade barriers, saying that European in- 
dustry must be adjusted to make it more competitive by 
“transferring production from stagnant or declining in- 
dustrial sectors to those with a more promising outlook.” 

The effects on employment, while potentially serious, are 
held by EEC experts to be insignificant. Industrial employ- 
ment began to decline in 1965. Using the UK as an 
example, the job losses attributable to Third World com- 
petition are 0.05% in textiles, 0.4, in the shoe industry, 
0.8%, in cotton fabrics and 1.7% in clothing. The real 
problem, say the experts, is the shifts caused by the new 
international division of labour which is causing job 
changes for European workers rather than unemployment 
per se. (euroforum, 12 December. 1978.) 


Miners oppose nuclear power station near Newcastle: The 
National Union of Miners (NUM) is mounting a campaign 
to oppose a Central Electricity Generating Board plan to 
build a nuclear power station at Druridge Bay, near Blyth 
Mr Sam Scott, secretary of the Northumberland region of 
the NUM. said: "The CEGB is proposing a nuclear plant 
on top of one of the biggest combined coal pits in Europe 
and parallel to parkland held by the National Trust. It's 
stupid". 

But Mr A. D. Nash. of the CEGB's planning department, 
said the plan was "only an exploration of options". There 
was no commitment to nuclear power. CEGB projections 
based on an annual 2%-3%, growth in demand indicated 
that new capacity would be needed by the end of the 1980s 
which could be supplied either bv coal or nuclear power. 
With the six-year lead times necessary to build new plant. 
it was necessary to explore the options now, Mr Nash said. 
The miners, along with the National Coal Board, are seek- 
ing assurances from the CEGB that coal consumption in 
the area will not be cut. 
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The fight against desertification is being held up while the 
politicians wrangle, writes Anil Agarwal 


THE hopes generated by the United 
Nations Conference on Desertification 
(UNCOD) for achieving zero desert 
growth by the turn of the century, 
seem to have all but disappeared in 
just over a year. UNCOD, held in 
Nairobi in autumn 1977, was widely 
hailed as one of the most successful 
UN conferences of the decade. It 
created an unprecedented awareness 
about the magnitude of the growing 
deserts problem, prompting even US 
President Jimmy Carter to declare that 
desertification is “опе of the most 
serious problems of our age.” It also 
made a very significant intellectual 
contribution, unlike most UN confer- 
ences, by increasing the understanding 
about the processes of desertification. 

Now, however, there is disillusion- 
ment, inaction and fading of interest, 
according to Professor Mohamed 
Kassas, Professor of Plant Ecology at 
the University of Cairo, who played an 
important role in the organisation of 
UNCOD. Professor Kassas, who was 
recently elected President of the Inter- 
national Union of Conservation of 
Nature and Natural Resources 
(IUCN), claims that neither the govern- 
ments of the countries affected by 
deserts, nor the rich donor countries 
who were expected to provide substan- 
tial funds, have yet shown any serious 
commitment to combatting desertifica- 
tion. 

Most of UNCOD’s recommendations 
were directed towards national govern- 
ments. It was hoped, for instance, that 
each country would set up an official 
focal point to coordinate its desert- 
related activities. In many developing 
countries, however, there is often such 
a gap in communications that one arm 
of the government is unaware of what 
the other is doing. While one ministry 
may be preparing programmes to con- 
trol deserts, others may be pushing 
through agriculture and animal hus- 
bandry projects that result in increased 
desertification. The need for coordina- 
tion is thus important. However, no 
African government has yet set up 
such a focal point. 

The plans of the United Nations 
Environment Programme (UNEP) to 
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set up a consultative group for deserti- 
fication control (DESCON) have also 
not proceeded very far. UNEP brought 
together possible donor and recipient 
countries in May 1978 for discussions. 
These countries agreed in principle 
that a mechanism like DESCON is 
required to mobilise resources for anti- 
desertification programmes in develop- 
ing countries. But few of them have 
yet officially written to UNEP even to 
confirm their membership of such a 
group. In these circumstances, the 
substantial financial assistance that is 
required to carry out the numerous 
programmes suggested at UNCOD, is 
quite unlikely to materialise. 

Politics, both national and inter- 
national, lies at the heart of this lack 
of interest. At the international level, 
there is the growing disillusionment of 
the rich Western countries with the 
United Nations system, which is re- 
flected in their growing keenness to 
channel financial assistance directly to 
recipient countries through bilateral 
agreements, instead of through the 
United Nations agencies. This reaction 
is setting in partly because of the in- 
efficiency and sluggishness of the UN 
agencies, but even more so because of 
their involvement with laudable but 
contentious issues like the New Inter- 
national Economic Order, which irri- 
tate many influential politicians in the 
West. The same rich countries which 
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are fighting shy of making any com- 
mitment to anti-desertification pro- 
grammes through UNEP have pledged 
over $2,000 million for the develop- 
ment of the Sahel countries through 
the Club du Sahel, а  non-UN 
organisation. 

At the regional level, it is the lack of 
political will amongst Third World 
governments to overcome their poli- 
tical differences with each other that 
bedevils anti-desert programmes, Re- 
alising that neither deserts nor desert 
people. like nomads, recognise political 
boundaries, UNCOD had tried to for- 
mulate solutions to the desert problems 
with a  transnational perspective. 
UNCOD therefore proposed giant 
transnational projects like a green belt 
across North Africa, another green 
belt across the Sahel, a joint livestock 
management programme іл the 
Sudano-Sahelian countries, a joint 
groundwater management programme 
covering northeast Africa and the 
Arabian peninsula, and two projects to 
monitor desert creep in southwest Asia 
and south America; and it expected 
feud-ridden countries like Egypt and 
Libya, Libya and Sudan, Morocco and 
Algeria, Arab Yemen and People's 
Yemen, India and Pakistan, and Chile 
and Argentina, to co-operate in their 
implementation 

UNEP had indeed taken the bold 
step to prepare feasibility studies for 
these transnatiomal projects and get as 
many governments as possible to sign 
formal protocol documents for their 
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Edge of the Sahara : the bare sand is caused by grazing of livestock 


and cutting of trees for firewood. 
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implementation well in advance of 
UNCOD. As a result, when the con- 
ference was convened, there was 
considerable optimism about the serious- 
ness with which they would be im- 
plemented. Since then, however, there 
have only been statements of good 
intention by political leaders. President 
Houari Boumedienne, for instance, had 
assured Dr Mostafa Tolba, Executive 
Director of UNEP that Algeria would 
press ahead with the North African 
green belt covering Algeria, Egypt, 
Libya, Morocco and Tunisia. But there 
are very few signs of the speed and 
urgency that is required. These five 
North African countries together lose 
a total of about 100,000 hectares of 
productive land to advancing deserts 
every year, which such a project could 
prevent. 

Nepal has expressed an interest in 
joining India, Iran, Pakistan and 
Afghanistan in the south-west Asian 
desert-monitoring-project but the poli- 
tical unrest in Iran, where the project's 
headquarters were to be situated, and 
the sudden change of government in 
Afghanistan have delayed this project 
too. 

The politically calm Sahelian region 
is, however, faring relatively better, 
with a growing institutional base for 
desert control. An Interstate Com- 
mittee for Drought Control in the 
Sahel (CILSS) has been set up which 
involves senior Ministers, and it is re- 
zeiving international assistance through 
the Club du Sahel. Regional scientific 
research is being undertaken by the 


new Institut du Sahel situated in 
Bamako, Mali. The United Nations 
Sudano-Sahelian Office based in Ouga- 
dougou, Upper Volta, is being ex- 
panded to help all the countries in this 
region to undertake desert control pro- 
jects such as those proposed at 
UNCOD. 

The Institut du Sahel will hopefully 
become a model for regional co- 
operation in deserts-related research 
and training. Since UNCOD, UNEP 
has organised two training courses for 
scientists and officials from developing 
countries, one on sand dune stabil- 
isation in China and another on soil 
salinity and improved management of 
pastures in the USSR. Considering the 
enormous social and ecological dif- 
ferences between different desert re- 
gions of the world. clearly it would be 
much better to set up regional centres 
for desertification training and demon- 
stration, and organise such courses 
within the regions themselves. 

But because of the difficulties in 
organising effective regional cooper- 
ation in combating desertification out- 
side the Sahelian region, Professor 
Kassas believes that stress should now 
be placed on encouraging national 
anti-desert programmes. These pro- 
grammes could be integrated with 
national land and water management 
schemes which aim to raise and 
stabilise the productivity of the arid 
regions. National planners. who have 
to make the best of scarce national 
resources, are more likely to be at- 
tracted by rational desert development 
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schemes, rather than those which are 
seen as simply desert control schemes 
or desert monitoring exercises. 

The problem of growing deserts is 
indeed urgent. In the early stages of 
desertification, the cost of reclaiming 
land is relatively modest, but if 
neglected, the cost climbs steeply, 
until reclamation becomes economi- 
cally impractical. Global  land-loss 
from man-made causes is already esti- 
mated to cover an area bigger than 
Brazil. Estimates presented at UNCOD 
revealed that more than 680 million 
people are living on land that can no 
longer support permanent agriculture, 
or is showing signs of steady deteriora- 
tion. These lands today produce a very 
large proportion of the global produc- 
tion of cereals, fibres and meat. It is 
therefore vital to restore them back to 
health. 

Desertification issues will be raised 
at yet another international conference 
in Rome in July, 1979: the World 
Conference on Agrarian Reform and 
Rural Development (WCARRD), be- 
ing organised by the Food and Agricul- 
ture Organisation. The latest 
WCARRD newsletter states: “There 
is no technology problem. Answers lie 
in mobilisation of national and inter- 
national resources апа popular 
participation in anti-desertification 
programmes. These issues will be on 
the WCARRD agenda." [t can only be 
hoped that WCARRD will succeed 
where UNCOD has failed. E 





Anil Agarwal is assistant director 
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African chemists hit back at foreign technology 


conflict of interest between 
‘foreign’ companies in developing 
countries and their hosts “can. and 
does, have a significant adverse effect 
on the growth of industrialisation in 
many developing countries and is at 
least one of the major causes of the 
slow pace of the development of in- 
dustries in these countries", according 
to Professor D. E. U. Ekong. Vice- 
Chancellor of the University of Port 
Harcourt, Nigeria. And he is not alone 
in his criticisms. At a recent UNESCO 
symposium on university-industry inter- 
actions in chemistry. all the African 
delegates agreed that the system of 
itinerant expatriate advice is totally 
irrelevant to African needs. 

In Nigeria, said Ekong, the law now 
requires majority Nigerian share- 
holding in most enterphises as well as 
significant Nigerian representation in 
management. Nevertheless, technical 
management is still dominated by the 
foreign technical partners who deter- 
mine the technology and the process, 
including the raw materials. for the in- 
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dustry. Thus the foreign technical 
partner plays a crucial role in deter- 
mining the course of industrial 
development. 

Ekong accused these partners of giv- 
ing biased advice. Their interests as 
manufacturers, or even their desire to 
dispose of equipment obsolete in their 
own countries, will affect their recom- 
mendations. Manufacturing processes 
that require raw materials or key inter- 
mediates from the parent company are 
often chosen. 

The Nigerian desire to reduce their 
dependence on imported machinery 
and raw materials is thwarted by the 


lack of provision for research and 
development. The foreign technical 
partner provides all the technical 


know-how and solves any technical 
problems. Even where the manufactur- 
ing process requires quality control in- 
volving chemical or physical analysis. 
many firms use unqualified foreign 
technicians. Hence. says  Ekong. 
“chemists in developing countries have 
very few opportunities". 


According to A. O. Shobo, of Lever 
Brothers. Nigeria. however. the situ- 
ation is slowly changing. While it used 
to be the case that all R&D prob- 
lems were referred to headquarters for 
solution. there is now a gradual re- 
cognition that there is a limit to the 
scope of R & D that can be carried out 
without an adequate knowledge of 
local conditions. Local companies are 
gradually setting up their own R&D 
activities. 

The majority of scientists in Nigeria 
are in the universities. They have a 
major role to play in developing local 
industry based on local raw materials 
and appropriate technology. But they 
face many difficulties. the main one 
being financial. To study a problem 
until the results are applied in industry 
requires continual and intimate col- 
laboration between industry and the 
university which few local enterprises 
can afford. It is easier to buy imported 
processes even where this means im- 
porting preprocessed raw materials or 
intermediates, 


€ Macmillan Journals Ltd 1979 


Nature Vol. 277 18 January 1979 


Ekong suggested solving this prob- 
lem by compelling all industrial enter- 
prises in Nigeria to contribute to a 
fund for local industrial R & D. They 
would be able to claim rebates depend- 
ing on how much they spent on local 
R&D. He also suggested that tax in- 
centives be given to industries based on 
local knowledge and raw materials. 

Ekong believes that without signi- 
ficant input from the universities there 






disastrous wheat harvest in 
Pakistan last year (the shortfall in 
expected production was 1 million 
tons), the Pakistani government has 
had to import 2.2 million tons of wheat 
at a cost. of 4,000 million Rupees 
(S400 million). The bad crop came as 
a particularly hard blow because the 
country had hoped to achieve self- 
sufficiency in food last year and wheat 
is its staple Food. 

The poor crop can be attributed to 
the fact that 75, of the wheat was 
afflicted by rust. The main reason for 
such widespread infection seems to be 
due to the fact that the popular com- 
mercial wheat varieties used had not 
been bred for rust resistance. 

The Pakistani government lays the 
blame with its agricultural policy and 
the way in which the country goes 
about agricultural research. There are 
agricultural research institutes in Paki- 
stan but most of them are isolated in 
the provinces and suffer from a lack of 
central coordination. Most of their 
research on breeding has centred on 
improving vields. Breeding resistance to 
adverse conditions such as disease or 
weather has been largely overlooked. 
And many very important aspects of 
agricultural research such as clima- 
tology. plant biology, agronomy and 
pathology are barely covered at all 

Dr Amir Mohammad. chairman of 
the Agricultural Research Council in 
Karachi has plans to improve Pakistan's 
agricultural research. The ARC has 
already drawn ир the following 
measures for quick implementation: 


AFTER a 
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reorganises agricultural 
research after harvest disaster 


will be no self-sustained growth in 
industrialisation in the foreseeable 
future. However. because governments 
regard research facilities as luxuries 
developing countries can ill afford, 
"most chemical laboratories in our 
universities are ill-equipped and lack 
basic facilities for even the most 
elementary research". says Ekong. 


"Lack of scientific leadership is the 
principal reason for the low scientific 


Ф The creation of a National Agri- 
cultural Research Centre. This is 
already being built in lslambad on 
1,300 acres of land. It is planned as a 
centre of excellence for agricultural 
research and is being funded by 
Pakistan and to the tune of $19 million 
by foreign grants and loans. 

The centre will consist of institutes 
on agricultural climatology, plant 
biology. agricultural data and planning. 
agricultural engineering and machinery, 
forestry. fisheries, water-shed manage- 
ment, arid-zone research. rural soci- 
ology, and a national plan introduction 
centre. Building should start in mid- 
1979 and the centre should be function- 
ing in about three years time. 

9 The creation of a National Com- 
modity Institute under the ARC. This 
will conduct research into individual 
crops and livestock. It will consist of 
separate sections for each major crop, 
such as wheat. rice, sugarcane, and 
cotton and a livestock section. Existing 
provincial research institutes will 
remain but will be under the NCT and 
the NARC. 

9 Manning of the institutes. 150 first- 
rate scientists will be needed. Pakistan 
is short of such manpower, so it plans 
to put new graduates into a six-month 
training course and then to send most 
of them for further training abroad. 
@ The division of the country into 
eight agro-ecological zones each carry- 
ing a different climate and ecology. An 
advisory committee of scientists and 
local farmers for each particular zone, 
will meet periodically to assess local 
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output and is an area where inter- 
national collaboration could be fruit- 
ful. Dr C. C. Мјејо from Chancellor 
College. Malawi, pointed out that there 
was little difficulty in finding money 
for applied research but support was 
needed for the pure natural sciences. 

Lynette Hamblin 





Lynette Hamblin is editor of Education in 
Chemistry 
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Grain production їп Pakistan 
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conditions and recommend measures 
for ensuring optimum output 

© Strengthening of the small cereal 
Diseases Research Institute operating 
under the ARC so that it can in- 
corporate studies of new cereal patho- 
gens and screen new cereal strains for 
resistance to various rusts. 

€ The development of a coordinated 
research programme. ARC plans to 
have a strong research group on the 
socio-economic aspects of agriculture, 
which will also deal with large and 
small-scale planning of the country’s 
agricultural resources. 

At a Wheat Research and Produc- 
tion Seminar held in Inslambad last 
August, Dr Norman Borlaug, Director 
of CIMMYT, Mexico, expressed the 
view that Pakistan could increase its 
wheat production from 8-9 million 
tons to 15 million tons if farm produc- 
tion was made more efficient. At 
present, in spite of the ‘Green Revolu- 
tion’, the wheat yield in Pakistan is 
quite low. As against Mexico’s 4,175 
kg/Hectare, Egypt’s 3,343, and the 
US's 2,022, wheat production in 
Pakistan is only 1.411 kg/Hectare. 

Azim Kidwai 
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The Piltdown hoax 


Sin,—Halstead's preliminary presentation 
of allegedly new material on the 
Piltdown hoax' could not reasonably be 
expected to encompass all the evidence 
which has accumulated in relation to 
anthropology’s most notorious forgery. 
Nonetheless, one might have hoped that 
the tape-recorded allegations of the late 
Professor Douglas would have been 
accorded a tolerably critical analysis. 
Such is not the case. 

Douglas and Halstead's attempt to 
implicate Sollas (and Dawson), whilst it 
may appear plausible to the casual 
reader, at best represents only a small 
part of the truth about Piltdown, and 
at worst depends upon exaggerations 
and imprecisions. Let me give some 
examples. 

Although Halstead does not qualify 
Douglas’ assertions about Dawson's 
reputation, they are in fact grossly 
misleading. Whether or not Dawson 
was guiltv of Piltdown, he certainly did 
not acquire a reputation for 
perpetrating hoaxes during his lifetime. 
In fact he was a respected collector of 
fossils and antiquities for the British 
Museum. To be sure, after the 
exposure of the Piltdown forgery in 
1953, a number of insinuations 
against Dawson’s integrity were 
assembled,’ and it has recently been 
shown that some Roman brick-stamps 
which Dawson donated to the British 
and Lewes Museums are forgeries." 
However in the first instance the 
insinuations may represent retrospective 
mud-slinging by local Sussex antiquaries 
jealous of the international fame which 
Dawson achieved through Piltdown, 
and in the second instance the 
possibility remains that Dawson was 
the dupe rather than the forger. 
Certainly prior to his death in 1916. 
there was not a hint of scandal about 
Dawson. Even in relation to Piltdown 
itself, Dawson's guilt is far from 
proven. Of the three full-length books 
written about Piltdown after 1953, two 
argue that Dawson was innocent,’ and 
the third, while implying Dawson's 
probable guilt, pointedly avoids 
expressing its final conclusion in 
positive form.? 

Apart from glaring inaccuracies such 
as the above, the Douglas/Halstead 
hypothesis embodies many statements 
which are so vague as to be practically 
worthless as evidence. The potentially 
crucial assertions that Sollas knew and 
visited Dawson, that Sollas received a 
packet of potassium bichromate. and 
Sollas borrowed some ape's teeth, are 
left with no firm indications as to 
when these events allegedlv occurred. 
If they took place after December 
1912, their occurrence would almost 
certainly be irrelevant to the hoax. 
Even the incident of the Sherborne 
Horse's Head, which constitutes the 
most suggestive part of the 
Douglas/Halstead case, is open to 
many interpretations. А 

Certainly a Sollas/Dawson conspiracy 
would provide a possible, perhaps even 


a likely, explanation for the Piltdown 
hoax, but the best evidence for such a 
conspiracy lies in areas untrodden by 
Douglas and Halstead. The 1911 
edition of Sollas’ Ancient Hunters 
provides a detailed description of 
"Heidelberg man", an earlier candidate 
for the title of "missing link" which 
probably served as a model for 
Piltdown, and which is known to have 
preoccupied Dawson circa 1912. 
Moreover, since the Piltdown forger 
chemically treated the cranial 
fragments in an attempt to make them 
appear fossilised," it is surely worth 
noting that Sollas had done important 
pioneering work on the chemistry of 
fossilisation,’ work which Dawson may 
well have utilised in interpreting the 
Piltdown reraains.* 

However, because of problems 
surrounding Sollas’ motivations, 
problems which Halstead's 
communication fails to resolve, Г am 
inclined to lay the blame for Piltdown 
elsewhere. My current working 
hypothesis is that Elliot Smith 
instigated the hoax, and that Smith 
Woodward mav have been a willing 
accomplice. This hypothesis does 
much to illuminate a formerly puzzling 
episode from Australian prehistory. an 
episode in which. incidentally, Sollas 
plaved a supporting role." 

Tan LANGHAM 
University of Sydney, Australia. 
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Allies against Lysenko 
Sin.——In Vera Rich's moving account of 
Professor Lev Tumerman's seven vears 
in solitary confinement (14 December, 
page 662), she mentions that he recalls 
"one very good book by Sunnot and 


Dent". He no doubt meant to refer to the 


classical textbook of genetics by Sinnott, 
E. W. and Dunn, L. C. Principles of 
Genetics, McGraw-Hill, New York and 
London, 1925 which went through 


several editions (the last with Dobzhansky) 


and which for almost four decádes (1925- 
1965) was the standard text in this field. 


E. W. Sinnott was professor of botany at 


Columbia and then Yale and L. C. Dunn 
was professor of zoology at Columbia. 


Dunn. who died in 1974, was active in the 


field of developmental genetics for more 
than a half-century: a fascinating review 
of his life and work has appeared 


recently (Bennett, D. Ann. Rev. Genet. 11, 


1-12; 1977). 

It is interesting that Dunn, who was 
often bitterlv attacked in the United 
States for his devotion to what were at 
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Sollas, W. J. Ann. Mag. Nat. Hist. 20, 285- 
300 (1877). Sollas, W. J. Rep. Brit. Assoc, 


Quart, J. Geol. Soc. Lond. 69, 


that time left-wing causes, was an 
outspoken critic of Lysenko and of the 
Soviet persecution of their geneticists and 
of other scientists and intellectuals, such 
as Tumerman himself. 

J. GORDIN KAPLAN 
Department of Biology 
University of Ottawa 
Ottawa, Canada 


Who assesses risk? 


Sir,—I was much struck with Wendy 
Barnaby’s report of the Swedish seminar 
on risk assessment (7 December, page 
554). The impression conveved was that 
informed and impartial politicians ought 
to regard a democratic society's evaluation 
of risk perception as even more important 
than quantified objective risk. This is 
tantamount to saving that it is more 
important to consider the number of 
people who would be frightened than the 
number of people who would be killed. 

The conclusion is that one should 
favour energy production from fossil fuels 
which kill far more people, rather than 
nuclear power which frightens far more 
people. 

I can see why short-sighted politicians 
might approve this view, assuming that 
the fears of the public will last at least 
until the next election. Dead people don't 
have votes. Frightened people do. But I 
am surprised that Nature appears to 
approve the same opinion. 

J. H. FREMLIN 
Department of Physics 
University of Birmingham, UK 


Not by force of ARMS 


Sir,—I welcome the article by Joe 
Schwartz (23 November, page 310). 
drawing attention to the unsatisfactory 
job security and career prospects of 
research staff. Technicians and graduate 
research ants, as well as post-docs. 
are often victims of short term contracts. 
May I underline the point that it is 
the quality and strength of local trade 
union organisation which determines 
how effectively these issues can be 
negotiated with each university, medical 
school, college or institute. For this 
reason I was alarmed by the suggestion 
that ARMS “intends to negotiate with 
employers". Indeed, 1 am sure it 
would delight these employers to be 
relieved of the embarrassing task of 
trying to justify their practices to the 
experienced negotiators of strong trade 
union organisations. 1 welcome ARMS 
to the extent that its existence 
demonstrates the concern felt by 
research staff, but 1 must qualify this by 
warning that the ARMS could 
backfire if it diverts staff from the 
need to work within trade unions. 
Finally, I should clarify that I am 
not a "division organiser" for ASTMS 
(as reported in your article). T am one 
of many lay activists within ASTMS 
who have been tackling these issues, 
and many others, for some years. 
Puitie HOUNSELL 





London, UK. 
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Quaternary correlations 


from D. Q. Bowen 


For the foreseeable future the major 
challenge confronting Quaternary re- 
search must be correlation of the 
oceanic and continental records. Con- 
tinental models of Quaternary history 
are now inadequate and already a re- 
evaluation has commenced. Astonish- 
ingly this has been long delayed, for 
the implication of such inadequacy. 
and of greater complexity was plain 
for all to see from Emiliani’s work on 
stable isotopes from deep sea cores 
during the early 1950s. Partly the delay 
was due to misconceived interpretation 
of the oceanic evidence in the light of 
continental imodels, whereas now, 
despite some lingering opposition, the 
horse has at last been placed firmly in 
front of the cart. 


Notwithstanding the eminently 
reasonable geological suspicion of 


notions of continuous sedimentation, 
the open ocean (pelagic) environment 
constitutes a special case. There sedi- 
mentation by settling through the 
ocean takes place more or less con- 
stantly for long periods as demon- 
strated by — inter-core correlation 
throughout the world’s oceans based 
on repetitive isotopic signature, palaeo- 
magnetic character, assemblage faunal 
analysis and, increasingly, by the 
extinction of certain taxons at iso- 
chronous levels. 

The oceanic oxygen isotope strati- 
graphic framework shows the chang- 
ing isotopic composition of the world's 
oceans throughout the  Quaternary. 
Preferential evaporation of the lighter 
"O and its incorporation into ice 
sheets on the continents tends to en- 
rich the oceans residually in "О during 
glacials. Conversely during interglacials 
isotopically lighter water is returned to 
the oceans. Foraminifera from deep 
sea cores, which precipitated their 
calcareous tests in isotopic equilibrium 
with the water they inhabited, monitor 
such changes, and allow definition of 
oxygen isotope stages numbered back- 
wards in time. using odd numbers for 
interglacials and even ones for glacials. 





D. Q. Bowen is a Reader in the Depart- 
ment of Geography, University College of 
Wales, Aberystwyth. 
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This stratigraphic framework records 
changing ice volumes on the con- 
tinents, and by inference the changing 
climate also. It shows that during the 
1.6Ma of the Quaternary some 18 
glacials occurred which compares with 
the celebrated four-fold glaciation 
model of the Alps. This has dominated 
thinking for so long although it only 
represents the last 850 ka during which 
time 10 actual glacials occurred. The 
extent to which the Alpine model in- 
fluenced others and the terms on which 
new data were collected and evaluated 
in terms of a four-fold sequence, is 
only now becoming apparent with the 
realisation that much of the primary 
data base in terms of basic field 
geology is inadequately known in many 
areas. 

Without geochronometric control, 
for example "C, uranium series and 
K/Ar, traditional means of correlation 
continue by plotting data graphically 
to show fluctuations of climate through 
time. Correlation is principally by tele- 
correlation relying on curve-matching 
assisted occasionally by radiometric 
tags at crucial points. Hitherto the best 
results, which bear an amazing resem- 
blance to the oceanic record, come 
from the loess terrains of central 
Europe (with signs that work on the 
loess of China is not far behind). 
There, sequences of loess, palaeosols 
and other indicator deposits, coupled 
with the recognition of palaeomagnetic 
reversals for dating, allow correlation 
back to the beginning of the Pleisto- 
cene, Other key localities include the 
long lake sequences of the Vosges, 
Macedonia, Colombia, Queensland and 
Japan, where climatic variations are 


Oxygen isotope stage 


Classical continental stages 


recognised from »ollen analysis. Such 
a technique is eminently successful 
when applied to continuous layers of 
sediment, but rather less so when the 
data are fragmeniary and stratigraphic 
succession inferred by an additive pro- 
cess using geographically widespread 
data. One pollen sequence may look 
much like another for the fact is that 
repeated constellations of species re- 
appeared during successive similar 
climatic episodes, perhaps with dif- 
ferent emphasis on the relative timing 
of arrivals, but as the regional varia- 
tion of the vegetation is largely un- 
known this cannot be used for 
definitive dating. For Northern Europe 
it was formerly thought that the inter- 
glacials of the Middle and Upper 
Pleistocene were known and suffi- 
ciently well differentiated-—Cromerian, 
Holsteinian and Eemian. However, in 
the light of the ссеапіс evidence, there 
must be at least six interglacials. 
Clearly the problems are beyond the 
resolving power of the method. which 
is not surprising since it relies not on 
first appearances nor extinctions, but 
on assemblage floras, a biofacies basis 
which is inherently unreliable оп 
account of its diachronous nature. 
Using this method marine deposits 
from Western Norway are correlated 
with the Eemian Interglacial and also 
with oxvgen isotope stage 5e (Mangerud 
et aL, this issue of Nature page 
189). In equating Eeemian with stage 


Se the authors follow Shackleton 
(Proc. Roy. Soc. Lond. W.174, 135; 
1969) and there can be little doubt 


that the Last Imterglacial at 125 ka is 
a prominent “‘eature of sequences 
throughout the world. The chrono- 
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stratigraphic term Eemian, however, 
is potentially misleading, for Kukla 
makes a compelling case for the re- 
cognition of three stratigraphically sep- 
arate Eemian Interglacials (Earth Sci. 
Rey. 13, 307; 1977). The type Eemian, 
considered by the authors, is near Am- 
ersfoort in the northern Netherlands. It 
lies between Saale glacial deposits and 
sands of the Last (Weichselian) Glacia- 
tion (isotope stages 2, 3, 4 and 5a-5d). 
Kukla argues that three glaciations 
occurred during the period tradition- 
ally referred to as Saalian (Saale(ss), 
Rehburg and Warthe), and that the 
Saale (ss) corresponds to oxygen iso- 
tope stage 10. Thus because the 
Amersfoort Eemian deposits appear to 
be continuous with the underlying 
Saale(ss) they should be correlated with 
stage 9. Eemian of isotope stage 5e is 
probably represented by the inter- 
glacial deposits of Schleswig-Holstein 
where marine beds clearly overlie and 
breach end-moraines of the Warthe 
Glaciation (isotope stage 6). Clearer 
stratigraphic demonstration of two 
Eemian Interglacials (probably cor- 
responding to stages 5e and 7) is found 
in Northern Germany where they are 
separated by glacial deposits (Wiegank, 
Geologie (Berlin) 21, Beth. 77, 1; 


1972). 

Correlation of the Norwegian de- 
posits with the type Eemian (stage 97), 
on floristic grounds, and also with 
stage 5e, is, therefore, not unequivocal. 
It may be that correlation with the 
Eemian of Schleswig-Holstein (5e?), is 
sounder, because faunal evidence from 
the Norwegian deposits, showing 
higher temperatures than today, 
matches stage 5e from deep sea cores 
in the Norwegian Sea. Such a cor- 
relation is not as tenuous as might 
appear for comparable temperatures 
have only been recorded twice in the 
last 450 ka. 

The problem of ‘Eemian’, and other 
similar terms, remains, and is sympto- 
matic of the state of continental 
frameworks at the present time. These 
require urgent revision and redefinition 
in the way Kukla has attempted for 
Europe. It may mean a plethora of 
new stage terminology, often on a 
local if temporary basis, but until the 
basic ground is secured in this way 
progress will be hindered. The existing 
continental frameworks cannot con- 
tinue to bear the brunt of attempted 
correlation with oceanic or other 
records either for the specialist or 
numerous users of Quaternary data. (^ 


Bacteriophage assembly 


from Roger W. Hendrix 


ANY recent textbook of cell biology or 
biochemistry contains a diagram based 
on the experiments of Edgar and 
Wood that outlines the assembly of 
bacteriophage T4. In the best 
tradition of Henry Ford, protein and 
DNA molecules assemble sequentially 
into the component parts (heads, tails. 
tail fibres), and these subassemblies 
then join each other to form the fin- 
ished product, the virion. This scheme 
of phage assembly has been incor- 
porated into biochemical lore, widely 
quoted, sometimes overinterpreted, and 
not infrequently taken to represent a 
relatively complete understanding of 
virus assembly. However, despite the 
elegance and importance of Edgar and 
Wood's original experiments, basic 
questions are still unanswered, and 
phage assembly remains a fertile field 
for investigation into the principles of 
biological form determination. Some 
of the highlights of recent work in the 
field were aired last September at the 
Sixth Biennial Conference on Bacterio- 
phage Assembly. 

Forming the intellectual backdrop to 
the meeting were a number of major 
conceptual advances in understanding 
virus assembly that have developed 
over the past decade. Some of these 
are the following. Assembly pathways 
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аге іп general quite strictly ordered 
and, although all of the relevant pro- 
teins are present together in the cell, 
they associate with each other only 
when the pathway requires it. In other 
words, the order of assembly is regu- 
lated by the assembly pathway itself 
rather than, for example, by the order 
of transcription or translation. Virus 
assembly, at least in the case of the 
structurally elaborate phages, is more 
than a simple ‘self-assembly’ process 
in which all of the information for 
assembly resides in the components 
present in the final assembled product. 
Although many individual steps in the 
assembly of these viruses undoubtedly 
involve true self assembly, other steps 
in the process require the intervention 
of proteins that act as assembly tools or 
catalysts and are not themselves found 
in the completed virion. Among the 
‘tools’ that are beginning to be charac- 
terised-are-proteins that form transient 
scaffolds which direct the assembly of 
other proteins, and enzymes that cause 
covalent alterations of proteins already 
assembled. The actual DNA packaging 
event has been a central issue for many 
vears, and it has become clear that 
DNA is condensed into a preformed 
protein shell—this in contrast to the 
original idea that the DNA first con- 
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denses and is then 
protein. 

Several of the 50 papers presented 
in Toronto dealt with the question of 
size determination. That is, how is it 
that virus substructures such as heads 
and tails are virtually always the right 
size, even though their component 
proteins can frequently be shown in 
vitro or in mutants to be capable of 
forming structures of a variety of dif- 
ferent sizes? An interesting case is 
found in Escherichia coli phages P2 
and P4. P2 by itself makes uniform 
sized heads. However, if a cell is co- 
infected with P2 and P4 (a satellite 
phage which itself codes for no head 
protein) then the P2 head proteins are 
assembled into smaller P4-sized heads. 
Assembly of P2 proteins into P4 heads 
is directed by a P4 gene that has been 
named sid (size direction). J. Geissel- 
soder, M. Chidambaram, and R. Gold- 
stein (Harvard University) presented 
evidence that the sid gene influences 
the efficiency of transcription. termi- 
nation on the P2 genome. They pro- 
posed that in the presence of the sid* 
gene product the relative amounts of 
certain P2 head proteins are altered. 
and that it is these crucial ratios that 
determine the size of the head as- 
sembled from the head proteins. 

In the case of size determination of 
T4 heads, interest centred on the well 
known fact that the head is elongated 
in one direction. Genetic studies re- 
ported by D. Doherty (University of 
Washington) show that mutations in 
the gene coding for the major head 
protein (gp23) which cause the pro- 
duction of non-elongated heads can 
be suppressed by simultaneous mu- 
tations in genes 22 and 24. These genes 
code for the protein (gp22) of the 
scaffold around which gp23 assembles 
and the protein (gp24) that constitutes 
the corners of the head. The results 
suggest that the three proteins interact 
with each other to determine head 
length. L. Onorato and M. Showe 
(University of Basel) presented bio- 
chemical experiments which also im- 
plicate these three proteins in head 
length determination. Their experi- 
ments further suggest that the ratios 
among the concentrations of these 
proteins influence the size at which the 
growing shell is capped off; thus they 
arrive at a conclusion analogous to the 
results with P2 and P4 heads by a 
different experimental route. R. van 
Driel (University of Basel) described 
reconstitution experiments with puri- 
fied proteins which showed that the 
scaffold protein (gp22) will assemble in 
the presence of an initiator protein 
(gp20) into what appear to be normal 
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sized scaffolds This argues that at some 
level the scaffold protein ‘knows’ the 
correct head length even in the absence 
of gp23 and gp24 

The mechanism of DNA packaging 
has been a favourite problem in the 
field, and there has been impressive 
progress in recent years, particularly 
since it has become possible to package 
DNA in vitro. The papers'on DNA 
packaging in Toronto ranged over a 
wide variety of topics including how 
the DNA is recognised by phage pro- 
teins, how it is cut to its mature form, 
and the relation between cutting and 
packaging. One particularly interesting 
report for this field which has primarily 
been concerned with packaging double- 
stranded DNA, was a paper by K. 
Koths and D  Dressler of Harvard 
University on packaging the single- 
stranded DNA of ФХ174. Their 
evidence shows that the preformed 
protein capsid is associated with the 
replicating DNA, apparently as part of 
a complex at the replication fork of a 
rolling circle, where it takes up the 
DNA as it is made. Replication and 
packaging of DNA are tightly coupled 
in this case, and it is tempting to 
speculate that the driving force for 
packaging might be derived from 
replication. This is in marked contrast 
to the case of double-stranded phages 
where replication and packaging are 
clearly separable. 

Two models were presented for how 
DNA is moved into the heads of 
double-stranded DNA phages (L 
Black, University of Maryland; R. 
Hendrix, University of Pittsburgh) 
These, if nothing else, reflect the 
current state of experimental evidence 
on the problem, they both differ from 
previous models in postulating that the 
force that drives the DNA into the 
head is applied by a small protein- 
aceous machine that sits in the head 
shell at the point where DNA enters 
(thought to be the point at which the 
tail later attaches). 

The most stimulating paper at the 
meeting, to my taste, was one by J. 
Shaw and H. Munaldo (University of 
Toronto) which admits phage lambda 
to the club of viruses with overlapping 
genes. They find that the lambda head 
gene Nu3 is contained within the last 
one-third of the C gene. The two 
corresponding proteins, gpNu3 and 
EpC, are read in the same phase and 
presumably use the same translational 
termination signal (that is gpNu3 is 
identical to the C-terminal one-third of 
gpC) The real interest in these results 
probably Hes not in the fact that they 
give yet another example of over- 
lapping genes but in the fact that it 
may be relatively easy to decipher the 
functional significance of the overlap. 
gpC is most probably part of the head 
imtiation complex on to which the 
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scaffold protein gpNu3 assembles, and 
it is easy to imagine models in which 
the C-terminal portion of gpC might 
serve, for example, to nucleate the 
assembly of the gpNu3 scaffold. 
Much of the research in phage 
assembly in past years has dealt with 
working out pathways, measuring com- 
positions of intermediate structures, 
and otherwise defining the outlines of 
assembly processes. It was evident in 
Toronto that the emphasis is now 
moving toward more detailed mech- 
anistic questions at the level of how 
proteins and parts of proteins interact 
with each other and with nucleic acids. 
For example, two elegant structural 
studies addressed the question of how 
the protein subunits of the head shell 
change their conformation as the shell 
expands during DNA entry S. Casjens 
(University of Utah) used freeze-etch 
electron microscopy to argue that the 
major head shell protein, gp5, of P22 
consists of two domains and proposed 
that head expansion could be accom- 
plished by the flexing of a hinge con- 
necting the two. A group from the 
University of Basel (U Aebi, R van 
der Broek, P. R. Smith, B. ten 
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Heggeler, J. Dubochet, V. Mesyan- 
zhinov) examined the analogous lattice 
expansion in T4 By using electron 
microscopic image processing tech- 
niques and antibody fragments, they 
were able to visualise a specific anti- 
genic site on the T4 major head 
protein gp23. They found, surprisingly, 
that on lattice expansion this site 
moves from the inside to the outside 
surface of the head 

The Toronto meeting was note- 
worthy for the consistently high quality 
of the papers, most of which have 
necessarily been skipped over in this 
report. It was particularly gratifying to 
see that for a number of the interesting 
problems of phage assembly there is 
now a large body of information from 
each of several phages. This has made 
it possible to begin to decide which 
features of a given assembly process 
are fundamental and which аге 
variations on a theme. The general 
impression was that the groundwork 
for understanding assembly of phages 
has been solidly laid and that future 
work will be progressively more con- 
cerned with problems that can be 
generalised to other biological systems. 


Muons and muon trapping by solid-state 


imperfections 
from A. M. Stoneham 


THE positive muon has an obvious 
potential in solid state physics. Its spin 
polarisation can be monitored to give 
data such as the site it occupies, local 
magnetic fields, -diffusion rates and 
Knight shifts. If a suitable beam 1s 
available from a meson ‘factory’, the 
experiments themselves do not need 
especially sophisticated equipment. So 
it is not surprising that the uSR field is 
very active (see News & Views 276, 324; 
1978) both in an attempt to understand 
the way muons behave in solids and to 
exploit muons to understand better the 
solids in which they decay. 

Several groups have found evidence 
that muons can probe defect and im- 
purty properties in metals. Since the 
defects include deformation-induced 
dislocations and damage from neutron 
irradiation, and since the impurities in- 
clude both alloying metals and trace 
impunties like oxygen, the muon 
promises to be a very versatile tool 
Many gaps remain To understand 
these, one must look at the principal 
processes involved. The first is the 
slowing-down process in which the 
muon comes to rest. Usually the muon 
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will end in an interstitial site, self- 
trapped by the lattice distortion it 
causes, and vibrating like any normal 
chemical impurity The second process 
is diffusion. Presumably this is described 
by the quantum theory developed for 
light interstitials by Flynn and Stone- 
ham; the features of importance here 
are that the rate should increase with 
temperature, as a power law at low 
temperatures and thermally-activated 
at higher temperatures One might 
expect п? diffusion to resemble diffusion 
of H*, D* or T*, with a suitable isotope 
effect, though present data are too 
limited to check in detail The third 
process is defect trapping, due to the 
strain fields of imperfections or to their 
perturbation of the electronic structure 
At high temperatures, release from 
traps occurs, There is also a fourth pro- 
cess, independent of the solid: the 
muon decays with a characteristic time 
of 22 us, and this imposes limits. 

If there is only a single type of trap, 
one can outline the way the depolarisa- 
tion rate should vary with temperature 
Four main regimes are expected. In 
regime I, at the lowest temperatures, 
the muon does not diffuse significantly; 
it merely comes to rest, and measures 
an average property of the solid In II 
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One of those curious apparent imper- 
fections of nature is the lopsidedness 
of electricity and magnetism. The 
world abounds with electric particles 
(all atoms are made of them) but 
nobody has ever seen a pure mag- 
netic particle Magnetic flelds can, it 
seems, only be produced by moving 










Consequently, when magnetism oc- 
curs, magnetic charge always appears 
in tandem (north and south), never 
singly Tandem charges are called 
dipoles and single charges. if they 
exist, are known as monopoles. Mat- 
ter is built out of subatomic electric 
monopoles, but magnetic monopoles 
elude us. This is all the more surpris- 
ing because of the celebrated mathe- 
matical symmetry built into our 
theory of electromagnetism. 

The great nineteenth century phy- 
sicist James Clerk Maxwell unified 
electric and magnetic fields, and dis- 
covered the principles which govern 
their interplay, but his beautiful 
theory is marred by the asymmetry 
of the monopoles. In the 1930s Paul 
Dirac gave an argument, subsequently 
developed by Julian Schwinger, that 
if magnetic monopoles exist they will 
have magnetic charge only in fixed 
multiples of a fundamental unit. 
simply related to the fundamental 
unit of electric charge, such as we 
find on the electron A few years ago 
the Soviet and Dutch physicists A. M. 
Polyakov and G ’t Hooft argued that 
magnetic monopoles could exist on 
subatomic particles with masses in 
excess of five thousand proton 
masses. 

There has always been room in 
theory for magnetic monopoles, but 
elaborate searches among ordinary 
matter have persistently failed to 
detect any. Despite a recent flurry of 
excitement that one had been found 
in cosmic ray debris, the monopole 
remains perhaps the most significant 
non-discovery of the century. 

Sometimes negative evidence can 
be useful in revealing information 
about other physical systems. The 
non-detection of quarks, for example. 
















































the muon diffuses faster and faster as 
the temperature rises, and the rate at 
which it samples different internal mag- 
netic fields affects the depolarisation 
rate and can be measured. This regime 
ends at a temperature fixed by the trap 
density, and in region III, the muon 
monitors properties of the trapping site. 
Finally, in region IV, release from 
traps and motional-narrowing occur 
Obviously, behaviour gets more com- 
plicated when several distinct traps are 
involved, but the principles are the 
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electricity, that is, electric currents | 


Primaeval magnetic 
monopoles 


from P. C W. Davies 





has been used as a motivation for 
theories of subatomic particle struc- 
ture In a recent paper (Phys Lett. 
793, 239; 1978) the Soviet mathema- 
tical physicist and astronomer Ya. B. 
Zeldovich, and a colleague at the 
Institute of Applied Mathematics in 
Moscow. M. Yu. Khlopov, have 
argued that the experimental absence 
of magnetic: monopoles raises serious 
doubts either about their existence or 
the popular understanding of the ori- 
gin of the Universe. The central idea 
is the theory that the Universe began 
with an intensely hot big bang. In- 
deed, so energetic was this event that 
we can be sure that any subatomic 
particles that can exist would have 
existed at sufficiently early moments 
(that is, sufficiently high tempera- 
tures) And this includes magnetic 
monopoles, despite their predicted 
enormous masses 

Zeldovich and Khlopov calculate 
that inside the first 2X10"'s the 
monopoles would have been in ther- 
modynamic equilibrium at a certain 
concentration. among all the other 
matter, but that as the explosive ex- 
pansion rapidly cooled the primaeval 
cosmological material, the tempera- 
ture fell too low to sustain the 
monopoles, and they started to an- 
nihilate each other. The annihilation 
is a consequence of fundamental 
physics that a magnetic north pole 
is the antimatter image of a south 
pole, and close encounters between 
them result in mutual destruction. 

In the subsequent phases of the 
expanding fireball, most of the mono- 
poles would have disappeared as a 
result of this mechanism But not all. 
Merely on statistical grounds some 
monopoles would have avoided their 
opposite numbers end escaped this 
demise. This is because both the den- 
sity of matter, hence monopoles, was 


same. Many workers have obtained 
results fitting this qualitative descrip- 
tion of the temperature dependence. 
For this picture to be useful, it is 
important that the muon can indeed 
diffuse to the traps of interest. The 
muon lifetime sets a limit here. In most 
metals studied (V, Nb, Ta, Cu, Fe) at 
accessible temperatures the muon hop- 
ping time between diffusive jumps is in 
the range 10^'-10' s corresponding to 
& mere 0.2 to 20 jumps in a lifetime. 
Diffusion from a random stopping site 
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falling rapidly, and the temperature, 
hence speed, of subatomic particles 
also plummeted. The authors cal- 
culate the residue of relic monopoles 
coughed out of the big bang which 
should still exist. The annihilation 
ceases after about 10 ms, leaving a 
total concentration today of around 
4x 107" cm”, or less than one mono- 
pole per million million atoms Small 
though this is, it is enormously 
greater than the experimental upper 
limits already set (107—107 стг") 
from examination of lunar and ter- 
restrial matter. and cosmic ray 
studies. 

There seem to be two alternative 
explanations of this inconsistency. 
One 1s that nature truly 1s lopsided. 
and that magnetic monopoles simply 
do not exist in isolation (There is 
still the possibility that for some 
obscure reason monopoles exist in 
permanently confined multiplets, like 
quarks ) The second is that the stan- 
dard hot big bang model of the Uni- 
verse is badly wrong, at least in some 
of its details We thus have an addi- 
tional motivation for seeking out 
monopoles, for their discovery as 
free particles would, unless the pre- 
vious abundance estimates are a 
fluke, tell us much about the first 
micromicrosecond of the Universe. 

One of the ironies about papers of 
this type concerns the central role 
played by aesthetics Belief in mag- 
netic monopoles stems primarily 
from a deep-rooted desire that nature 
should be elegant and symmetrical. 
Similarly in cosmology. sweeping 
assumptions are made about the 
structure of the primaeval Universe 
which, once again, ‘stem from the 
yearning for simplicity Now we see 
that cosmic simplicity (primaeval 
thermodynamic equilibrium) and sub- 
atomic symmetry are in conflict The 
resolution cannot be found by aesthe- 
tics alone. Only expemment can 
decide which assumption is wrong 





P. C. W. Davies is in the Department of 
Mathematics, King’s College, London. 








to any trap present in low concentra- 


tion is negligible. And indeed the 
irradiation of Cu and the doping of Nb 
by Ta have little observable effect on 
muon properties Two metals are dif- 
ferent, and appear to show very fast 
diffusion: Cr, with a hopping time 
around 10^" s and Al, where motional 
narrowing appears to be complete even 
at the lowest temperatures, with times 
such as 107 s at 10K and 10775 at 
50 K indicated. 

Several groups have studied trapping 
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in Al, including workers at laboratories 
in America, Sweden and Germany. 
Two results are particularly interesting. 
One was reported by Seeger at a recent 
Rutherford Laboratory meeting, and is 
from Stuttgart workers, who looked at 
neutron-irradiated Al. The point here 
is that the basic defects, and hence the 
traps, can be modified by annealing. 
Reversible changes with temperature 
reflect the muon motion, whereas ir- 
reversible ones indicate changes in 
defect structure and can be related to 
previous damage work. Two traps were 
detected in Al: one was shallow, pos- 
sibly an interstitial cluster; the other 
trap was deeper and is not yet identi- 
fied. The second result comes from a 
collaboration among five of the 
American laboratories (Phys. Rev. Lett. 
41, 1558; 1978) The experiments 
showed the effects of Cu impurity and 
of deformation. The dislocations act 
as deep traps, with a binding of around 
0.2 eV, and also seem to show the rapid 
pipe diffusion known from conven- 
tional diffusion studies. The Cu appears 
to give rise to some four different 
shallow traps (binding the muon by less 
than 1/50eV) even at the low concen- 
trations used (420 and 1,300 p.p.m.). 
The authors argue these traps are 
microclusters of Cu, and that the 
clusters are present at levels far above 
random. If so, the muon technique is 
giving new information about alloy 
structure in circumstances hard to 
match otherwise. 

What then are the prospects? If the 
interpretations are right, muon spin 
resonance adds another tool to the 
study of alloy structure, complemen- 
tary to positron annihilation, neutron 
scattering and various forms of electron 
microscopy. Clearly muon experiments 
need a large accelerator, and cannot 
be as portable as techniques like posi- 
tron annihilation; applications to 
macroscopic defect structure, as in non- 
destructive testing, will have to be 
reserved for special casés. There аге 
also some open questions. Are there 
really so many microclusters in Al:Cu? 
Are there systems where such muon 
results can be checked by other 
methods, like magnetic or Móssbauer 
techniques? If these microclusters are 


A hundred years ago 


INvarips will be glad to learn that, 
amidst the severe weather, a compara- 
tively mild climate exists in a part of 
their own country. A bouquet arrived 
from Glengariff on Saturday, the 11th 
instant, comprising wallflower, prim- 


rose, primula, stocks, chrysanthemum, 
scarlet geranium, arbutus-berries, and 
a rose-bud, all picked from an exposed 
garden. In Madeira—but five days’ 
| journey—ripe bananas and custard- 
: apples are hanging on the trees. Many 
of the gayest flowers are in full bloom. 
From Nature 19, 16 January, 257; 1879 
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real, do they affect mechanical pro- 
perties? Another question is in how 
many systems can the muon probe 
defects and impurities? Diffusion rates 
mentioned earlier suggested that the 
success with Al was the exception, not 
the rule. This need not be so. Slow dif- 
fusion only prevents the muon probing 
a trap if the stopping site is random 
within the crystal. However, a slowly- 
moving muon may be stopped preferen- 


'tially near defects, by its interaction 


with their strain field or otherwise. This 
may be why results on vanadium are 
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very sensitive to interstitial oxygen. In 
such cases the muon will probe the 
defects, but will give little information 
about the perfect host. Non-metals 
present their own special problems. 
lonisation-enhanced diffusion in semi- 
conductors may ensure the muon can 
always reach a defect; recombination- 
produced vacancies and interstitials in 
ionic crystals may ensure there are 
always defects to be reached, All in all, 
the exploitation of muons promises to 
vield scientific problems as well as 


solving materials ones. i 


The salmon, the lungfish and 


the cow: a reply 


Tue debate on cladism has smouldered 
in specialist journals for over a 
decade. and we аге glad that 
Halstead has brought it to Nature 
(News & Views 276, 759; 1978). An 
adverse review (Cain Nature 216, 
412: 1967) of Hennig’s book (Phylo- 
genetic Systematics University of 
linois Press, 1966) is about the only 
previous sign of the controversy in 
this journal. As participants in the 
meeting at Reading. named in 
Halstead's report, we find his account 
seriously defective in two respects- 
as a description of the meeting, and 
as a summary of the claims of 
cladism and the history of the con- 
troversy. 

On cladism in general. Halstead’s 
report reveals several assertions and 
misunderstandings about aims and 
metheds that were common in the 
early days of the controversy, and 


have been fully discussed іп 
Systematic Zoology and other 
journals. Rather than repeat those 


arguments, we should like to focus on 
what is, in our view, the principal 
source of acrimony between cladists 
and evolutionary  systematists, а 
problem neatly summed up in a ques- 
tion raised at the Reading meeting 
and reported by Halstead: 'according 
to the cladists a lungfish is more 
closely related to a cow than to a 
salmon'. Halstead correctly reports 
the exasperation with which the 
accusation was put, and the com- 
placency with which one of us 
accepted it. If experienced compara- 
tive anatomists can disagree on so 
simple and fundamental a question, 
either there is revolution in the air. 
Or words are being used in different 
ways. 


Salmon  Lungfish Cow Lungfish 


Cow 


Given three táxa--for example, а 
lungfish, a salmon and a соза 
cladist will draw up the three clado- 
grams showing the three possible 
‘more closely related? pairs. 

Each of these concepts has its 
advocates, but at Reading. a was the 
preferred solution of the cladists. us 
included. and c was the preferred solu- 
tion of Parringtor and Halstead. whom 
we shall refer to as evolutionary 
systematists, following Mayr (Z. Zool. 
Syst. Evolforsch. 12, 94; 1974). Since 
we do not believe that evolutionary 
taxonomists disagree with us over the 
characters of lungfish. salmon and 
cattle. the disagreement is evidently 
over the meanime of the concept 
‘relationship’. Akhough ‘relationship’. 
‘affinity’ and cognate words have 
been freely used in the evolutionary 
and pre-evolutionary literature of 
biology. Hennig was the first. to our 
knowledge. to give an unambiguous 
definition of the concept. Mayr (op. 
cit.) summarised Hennig’s definition 
of relationship; ‘the measure of 
phylogenetic relationship is the rela- 
tive recency of common ancestry’. 
Stung to give precision to a cancept 
they had previously used in various 
senses, evolutionary systematists 
seem to have settled on ‘genes in com- 
mon’ as the measure of phylogenetic 








relationship (Mayr (op. cit.) 
‘inferred amount of shared geno- 
type). Ignorant as we are of the 
correspondence between the geno- 


type and phenotype. and of the geno- 
type in the vast majority of organisms, 
'genes in common' is a rationalisa- 
tion of 'characters in common', or 
overall similarity. Hence, when evo- 
lutionary systematists prefer clado- 
gram c, they mean that lungfish and 


Salmon Cow . Salmon  Lungfish 





C Macmillan Journals lid 1978 


176 


salmon are more similar than lung- 
fish and cows, And in preferring 
cladogram a, cladists mean that they 
infer that lungfish and cows shared 
a more recent common ancestor than 
lungfish and salmon. This inference 
is drawn from the fact that lungfish 
and cows share derived characters 
(synapomorphies such as internal 
nostrils. an epiglottis, а two- 
chambered auricle and so on 
(Kesteven Proc. Roy. Soc. Vict. 59, 
93; 1951)) not found in salmon. 
Given their reliance on overall 
similarity, it is not surprising that 
evolutionary systematists find that 
many of the groups they recognise 
are grades. nor that these grades 
‘happen to coincide with the major 
classes of the vertebrates’ (Halstead 
Op. cit.). Yet these vertebrate classes 
were recognised and named by pre- 
Darwinian systematists, who also used 


overall similarity as their guide. 
naturally enough. Overall similarity 
may be modernised or dignified by 


calling it 'genes in common' or 
‘shared genotype’, yet when we do 
have access to comparative informa- 
tion on genes, as in globin sequences 
(Goodman ef al. Nature 283, 603; 
1975; Romero-Herrera ег al. Nature 
261, 162; 1976) the  biochemists 
present their information in the form 
of cladograms. and use the same 
genealogical concept of relationship 
as Hennigians. Darwin (Origin of 
Species. see also Nelson Syst. Zool. 
23, 452; 1974) wrote ‘our classifica- 
tions will come to be, as far as they 
can be so made, genealogies; and will 
then truly give what may be called 
the plan of creation’. He might be 
surprised that after 120 years, some 
palaeontologists would be occupied 
with the defence of pre-Darwinian 
concepts and classifications. 

Halstead's report contains many 
misunderstandings and ambiguities, a 
few of which cannot be allowed to 
pass unchallenged. It is not, as 
Halstead says of cladistics, “axiomatic 
that sister groups are given 
identical ranks"; it is however a 
logical consequence if a formal classi- 
fication is required. Nor does cladis- 
tics insist on a classification which 
reflects all of the ideas embodied in 
the cladogram. Cladists do not 
assemble characters subjectively into 
a hierarchy: though we suspect that 
the hierarchy of which Halstead 
speaks is a reference to character 
weighting, not favoured by cladists. 
Halstead also accuses cladists of be- 
littling the significance of parallelism. 
But this is outside the scope of 
cladism since the recognition of such 
an evolutionary event presupposes 
that we already know the phylo- 
genetic relationships of the organisms 
concerned. 
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L. B. HALSTEAD AND COLLEAGUES 
REPLY; The mutual relations of 
salmon (an actinopterygian), 
fish (a dipnoan) and cow (a mammal, 
a class which can be traced back to 
rhipidistian crossopterygians by way 
of reptiles and amphibians) are cer- 
tainly worthy of serious considera- 
tion. Gardiner ег al. draw up “three 
cladograms showing three possible 
‘more closely related’ pairs". Clado- 
gram a is their preferred solution, 
but it is certainly not true to claim, 
as they do, that “с was the preferred 
solution of Parrington and Halstead”. 
The cladists simply omit the pos- 
sibility that none of the three pairings 
shared a more recent common an- 
cestor, than any of the others, but 
rather were all derived from a pre- 
existing common stock, a view pre- 
viously commended by Miles (Palaeo- 
zoic Fishes, 1971). 


Assuming that cow, salmon and 


lungfish were derived from such a 


common ancestral stock, we would 
still insist that lungfish are closer to 
salmon on the grounds of neither 
having advanced significantly beyond 
the common heritage of all primary 
aquatic jawed vertebrates. In marked 
contrast, the cow is separated from 
both lungfish and salmon by several 
structural grades. The figure sum- 
marises these relationships. 

At the meeting Gardiner presented 
a cladogram which purported to 
demonstrate that lungfish were more 
closely related to tetrapods than were 
either coelacanths or certain rhipi- 
distian crossopterygians. The near 
structural identity of crossopterygians 
and early tetrapods makes it impos- 
sible for them to be separated by the 
uniquely specialised lungfish. Later in 
the meeting T. S. Westoll demolished 
this particular cladogram and pointed 
out that most of the features that 
Gardiner claimed were absent in 
coelacanths were in fact present in the 
material Westoll himself was studying. 


Concerning Halstead's report of the 
meeting itself, we were surprised to 
read that papers delivered by two of 
us ‘were demolished within hours’. 
Freedom of speech goes a little too 
far here, and we request that Halstead 
justify his assertion by saying who did 
the demolition work, and how it was 
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КОХ simitor pottern of 


shull roofing bones 


Janvier's agnathan cladogram was a 
reflection of Stensió's mistaken no- 
tion of the myxinoid affinities of the 
heterostracans, which has been dis- 
cussed and firmly rejected by workers 
in the field (see Biol. J. Linn. Soc. $, 
339-349, 1973; Biol. Rev. 48, 279- 
332, 1973, for a summary of this 
issue), 

The current Hennigian orthodoxy 
brings to mind the situation at the 
beginning of the present century. 
Then Haeckel’s Biogenic Law and 
the attendant preoccupation with 
genealogies, had а stultifying in- 
fluence on the whole of biology. 
‘When the results of a science are 
produced by methodological assump- 
tions rather than by the evidence 
available, it is not science’ as A. J. 
Cain remarked in his review of 
Hennig's book in Nature. 


L. B. HALSTEAD 
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done. Halstead charges us with 
‘religious fervour’, but the charge 
might be reversed, for to us his state- 
ment that cladists ‘are already 
entrenched in some of the major 
museums in the world’ has an offen- 
sive taint of McCarthyism and the 
witch-hunt. 

C. PATTERSON 
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R. P. S. JEFFERIES 
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review article 


Cellular interactions in haematopoiesis 


M. J. Cline & D. W. Golde 


Drvision of Hematology-Oncology, Department of Medicine, University of California School of Medicine, Los Angeles, California 90024 


In vitro culture of haematopoietic cells has provided some surprising insights into critical interactions of blood-forming cells. 
Subpopulations of lymphoid cells have been shown to produce colony-stimulating activity, to interac: with macrophages, 
and to have important effects on the very early stages of erythropoiesis. Macrophages have multiple influences on the 


proliferation and differentiation of other haematopoietic cells. 





PRIMITIVE pluripotent haematopoietic stem cells have the 
capacity to form all the blood elements, including myeloid cells, 
erythrocytes, and immunocytes’. In mice the stem cell for 
erythroid and myeloid lines is assayed by its ability to form 
haematopoietic spleen colonies in irradiated syngeneic 
recipients (hence, the stem cell is often called CFU-S, colony 
forming unit-spleen). The derivation of colonies from a single 
precursor cell was established by using a mouse with 
chromosome abnormalities as the cell donor. The same abnor- 
malities were found in replicating cells of lymphoid tissues 
diffusely distributed in the spleens and lymph nodes of the 
recipient mice. Further evidence was derived by retrans- 
plantation of non-immunocompetent spleen colonies. Colonies 
developing in secondary host animals contained immunoglo- 
bulin-producing cells with the T6 chromosome marker of the 
original bpne marrow donor. Direct evidence for a single stem 
cell common to the myeloid and lymphoid lines has recently 
come from reconstitution experiments in mice in, which 
chromosome markers were induced in donor bone marrow cells 
by irradiation". Myeloid spleen colonies and T and B lympho- 
cytes in reconstituted animals had the chromosome marker of a 
common precursor. The appearance of the Philadelphia 
chromosome in cells of the granulocytic, mononuclear phago- 
cytic, erythroid, and megakaryocytic lines of patients with 
chronic granulocytic leukaemia is evidence for the existence of 
pluripotent stem cells in тап“. ) 

The process of commitment of pluripotent stem cells to one or 
another line of development is poorly understood. For example, 
the pluripotent stem cell is not responsive to erythropoietin but 
at some point in development it gives rise to an erythropoietin- 
responsive stem cell. Such a cell is unipotent and exclusively 
committed to maturation along the erythroid pathway. An 
analogous situation holds for granulopoiesis and responsivenees 
to colony-stimulating activity. In a certain sense, commitment 
may be defined as the acquisition of responsiveness to a specific 
` haemopoietin, Under the influence of specific haemopoietins, 
there is further cellular proliferation and maturation until 
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appropriate numbers of functional end-cells are produced. It is 
likely that in physiological circumstances most haematopoietic 
regulation occurs at the level of the committed stem cells. It has 
become apparent in the past few years thar a diversity of cellular 
interactions can influence the formation of mature blood cells 
from stem cell precursors. The characterisation of these inter- 
actions had to await methodology for in vitro culture of 
haematopoietic cells. Of particular importance has been the 
development of a semi-solid gel culture system?^ for the growth 
of monocyte stem cells and of granulocytes (CFU-G,M). (In this 
review the term granulocyte is taken to mean neutrophilic 
granulocyte, although, strictly speaking, it encompasses neu- 
trophilic, basophilic, and eosinophilic granulocytes.) With the 
subsequent development of in vitro techniques for assaying 
erythroid, megakaryocyte and eosinophil precursors and B and 


"Т lymphocytes’, characterisation of the haematopoietic 


hormones which influence proliferation and differentiation has 
become possible, More recently, these techniques have been 
used to explore cellular interactions of combinations of purified 
cell populations or of the products of ons cell lineage with the 
responsive cells of another lineage. Undoubtedly, some of the 
interactions reflect the requirements for cell growth under in 
vitro conditions; but others have physiological relevance. 
Three major categories of cellular interactions have been 
defined thus far: the interaction between mononuclear phago- 
cytes and a variety of other haemic celle; the interaction of T 
lymphocytes with progenitors of granulocytes, mononuclear 
phagocytes, erythroid cells, and eosinophils; and the cellular 
interactions of the stromal cells of haemetopoietic organs. 


Production of phagocytic cells 

The principal phagocytic cells are the mature neutrophilic 
granulocytes and mononuclear phagocytes including monocytes 
and macrophages. The production of neutrophils is regulated by 
homeostatic mechanisms that normally maintain the numbers of 
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circulating cells within a narrowly defined range. The average 
neutrophil production rate for man is estimated at 1.6 x 10° cells 
per kg per day. Despite rapid turnover rate and high production 
volume, the neutrophil production system retains great flexi- 
bility in its response to inflammatory stimull. 

The production of neutrophilic granulocytes and 
mononuclear phagocytes are thought to be closely linked pro- 
cesses; both arise from a common precursor which forms 
colonies in vitro only in the presence of the haematopoietic 
factor, colony-stimulating activity (CSA)*?. Increasing evidence 
suggests that CSA is also an important controlling factor in 
vivo'?. Differentiation along one of the alternative cell pathways 
may be controlled by the type of CSA or its concentration. 
Furthermore, there seems to be a family of related glycoproteins 
with CSA activity, some of which have specificity for different 
target cells'!. 
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Fig. 1 Granulopoiesis is thought to be regulated by glycoprotein 
hormones (colony-stimulating activity, CSA) elaborated by 
monocytes, macrophages, and antigen-stimulated T lymphocytes. 
CSA acts on the committed myeloid stem cell (CFU-G,M) giving 
rise to both the neutrophilic granulocyte and the mononuclear 
phagocyte cell lines. Recent evidence also suggests that products of 
mature neutrophils may influence the production of both CSA and 
inhibitors of CFU-G,M by marcophages. If granulocyte chalones 
exist, they may also inhibit CFU-G,M. Stimulatory interactions are 
denoted by (+), possible inhibitory interactions by (—). 


Only the placenta, certain fetal tissues, mononuclear phago- 
cytes, and stimulated T cells have consistently been shown to 
serve as a source of CSA for human cells. Mononuclear phago- 
cyte stimulation of granulopoiesis by CSA was the first 
important haematopoietic cellular interaction to be defined. The 
following features of this interaction are known: (1) blood 
monocytes, alveolar, hepatic and peritoneal macrophages all 
produce CSA '?"'*; (2) malignant monocytes of both mouse and 
man seem to retain CSA-producing capacity as long as some 
degree of monocyte differentiation is retained'*'^; and (3) 
production of CSA is modulated by exposure of cells to endo- 
toxin, PPD, zymosan, glucan and poly I:C (refs 17, 18). The 
production of CSA by mononuclear phagocytes has led to a 
concept of positive regulation of granulopoiesis and monocy- 
topoiesis by products of the responding cells themselves (Fig. 1). 

Another important source of CSA is the T lymphocyte. Early 
observations of granulopoiesis in mice indicated that serum 
CSA levels were increased in primed animals exposed to 
antigen. It was subsequently demonstrated in vitro that antigen- 
and mitogen-stimulated T lymphocytes produce CSA, thereby 
providing an explanation for the in vivo phenomenon ^^?! , 
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Monocyte- and lymphocyte-derived CSA are similar and 
have higher molecular weight components than placental CSA’. 
We have recently established from a patient with a T-cell variant 
of hairy cell leukaemia (leukaemic reticuloendotheliosis) a line 
of T cells that produces potent CSA”*. Production is increased, 
particularly after exposure of the cells to phytohaemagglutinin 
(Table 1). This human lymphocyte-derived CSA is sensitive to 
trypsin and is bound by concanavalin A (Con A). 

We conclude that intense antigenic stimulation may stimulate 
neutrophilic granulopoiesis and monocytopoiesis by an inter- 
action with T lymphocytes mediated by a particular species of 
CSA. Certain malignant T cells retain this stimulatory capacity. 


Negative feedback 


We have considered positive controls of the production of 
phagocytes. Various investigators have also emphasised 
theoretical reasons why granulopoiesis should be under negative 
feedback control and have adduced evidence for the existence of 
granulocyte chalones?"?^, Chalones are defined as tissue- 
specific, species-nonspecific products of differentiated cells that 
selectively inhibit early cells of the same lineage’. A putative 
neutrophilic chalone would be a product of mature neutrophils 
that would specifically and reversibly inhibit the proliferation of 
neutrophil precursors but not other dividing cells. Although an 
inhibitory effect of human granulocyte chalone on human acute 
leukaemia has recently been reported”, the existence of granu- 
locyte chalones is controversial. For example, we were unable to 
find neutrophil-inhibitory products that demonstrate the 
requisite cellular specificity"? 

Another category of possible negative regulators of myeloid 
stem cells is that of neutrophil-derived factors that inhibit cells 
producing CSA. Broxmeyer et al.” reported that crude 
extracts of normal, but not chronic myelocytic leukaemic, neu- 
trophils inhibit the production of CSA by monocytes and 
macrophages. They therefore postulated that negative feedback 
from the normal mature neutrophil acted at the level of CSA 
generation and not at the CFU-G,M level. 

Prostaglandins of the E series (PGE, and E;) are potent 
inhibitors of CFU-G,M proliferation (activity at 10^? M), 
whereas those of the F series are often stimulatory. The effect of 
PGE can be overcome with CSA. Human monocytes and mouse 
macrophages produce both CSA and PGE. High concentrations 
of macrophages inhibit CFU-G,M growth, and this inhibition is 
overcome with indomethacin?'??. Based on these observations, 
Kurland and Moore have evolved an elaborate scheme whereby 
granulopoiesis is modulated by macrophage generation of sti- 
mulatory and inhibitory products which in turn is modulated by 
neutrophil inhibitors and CSA???, While this scheme remains 
tentative, the best-defined cellular interaction in granulopoiesis 
is the positive stimulation of granulopoietic progenitors by 
products of mononuclear phagocytes and stimulated T lympho- 
cytes (Fig. 1). 


Erythropoiesis 

The primary control of erythrocyte production is determined by 
a balance between tissue-oxygen needs and the capacity of the 
oxygen delivery system, and is mediated by erythropoietin. 
Recent studies suggest that interactions between erythroid pre- 
cursors and other cells, particularly the T lymphocyte, may also 
modulate erythropoiesis. 

Two general categories of erythroid precursors have been 
identified in vitro ; first, the erythroid colony-forming unit (CFU- 
E) which is an immediate precursor of the differentiated 
normoblast and is capable of only three to six divisions; second, 
the burst-forming unit (BFU-E), which is a more primitive 
committed erythroid stem cell with potential for many more 
divisions. The CFU-E is thought to arise from the BFU-E”. The 
CFU-E is sensitive to erythropoietin whereas the BFU-E is 
relatively insensitive. In the intact animal BFU-E proliferation 
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is influenced by stimuli to marrow regeneration but not by 
changes in erythropoietin concentration". BFU-E normally 
circulate in the peripheral blood of man and are found in the 
null-cell mononuclear leukocyte fraction. When T cells are 
removed from this fraction, burst formation is diminished; when 
T cells are restored, so are BFU-E. Other evidence for T-cell- 
erythropoietic interactions comes from studies of diffusion 
chambers containing proliferating haematopoietic cells implan- 
ted intraperitoneally in mice?*. Phytohaemagglutinin (PHA)- 
treated marrow cells or thymocytes added to bone marrow cell 
suspensions in such chambers greatly stimulate erythroid colony 
formation (Table 2). Pretreatment with anti-@ serum and 
complement eliminates the stimulatory effect of the mitogen. 

A third line of evidence for a T-cell-erythroid interaction 
comes from a report that infusion of normal littermate bone 
marrow depleted of T cells does not cure the genetically deter- 
mined anaemia of the W/W” mouse, whereas addition of 
normal T cells to the marrow results in сиге“, A fourth line of 
evidence comes from the observation that medium conditioned 
by an established T-cell line’? has erythroid burst-promoting 
activity. The conditioned medium potentiates the effects of 
erythropoietin but cannot substitute for the hormone (Table 3). 
Erythroid burst-promoting activity is reported to be separable 
from CSA activity in other systems*!. 

Several types of evidence therefore suggest that T lympho- 
cytes and their products affect early erythroid progenitors and 
may thereby interact with erythropoietin in controlling eryth- 
ropoiesis. Less strong evidence supports a role for mononuclear 
phagocytes in erythropoiesis. The evidence is essentially 
morphological and derives from the observation of macro- 
phage-like cells within the bone marrow in the centre of islands 
of developing erythroid precursors?. The effect, if any, of 
macrophages may be mediated by the prostaglandins which they 
produce, as PGE, causes increased elaboration of eryth- 
ropoietin by the kidney and has direct effects on stimulating 
glucosamine uptake and iron incorporation into red-cell pro- 
genitors. PGE, also stimulates erythroid colony formation in 
vitro. It has recently been suggested? that erythropoietin is 
produced by macrophages in the liver, the major source of 
extrarenal erythropoietin ^^^, Alternatively, the generation of 
erythropoietin in the liver may depend on PGE, production by 
the Kupffer cell, which in turn regulates erythropoietin elabora- 
tion by hepatocytes. Circumstantial but not direct evidence 
therefore links mononuclear phagocytes to erythropoiesis. 


Lymphocyte-macrophage interactions 


The interactions between mononuclear phagocytes and T and B 
lymphocytes in antigen processing in the afferent limb of the 
immune response are so well documented? that it is only worth 
noting their cardinal features. First, they generally require close 
contact between the mononuclear phagocyte and the respond- 
ing lymphoid cell. Intact viable mononuclear phagocytes are 
necessary for optimal response. Surface antigenic identity 
between the mononuclear phagocytes and the subsequently 
responding lymphoid cell is generally necessary. Mononuclear 
phagocytes potentiate the production of biologically active 
lymphokines, as well as B-lymphocyte antibody responses. 





Table 1 Production of CSA by an established human T-cell line 





Addition to Duration of culture Colonies per 10* 
culture (d) marrow cells 
— 2 130222 
— 6 105+20 
PHA 2 260+18 
PHA 6 272+24 





Conditioned medium was prepared from a continuously growing 
human T-cell line cultured in the presence and absence of PHA and 
assayed for its ability to stimulate granulocyte-macrophage colonies 
from non-adherent human bone marrow cells. 
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Finally, in at least some in vitro culture systems, the requirement 
for mononuclear phagocytes can be replaced by mercapto- 
ethanol and possibly other thiols. 

The interaction between T lymphocytes and mononuclear 
phagocytes also operates in the reverse direction: T cells can 
influence mononuclear phagocyte proliferation, differentiation, 
and activation ^*^". 


Eosinophilopoiesis 

Basten ег a1.^*^? demonstrated a role for large lymphocytes in 
the mediation of the eosinophilic response to Trichinella 
infection in rats. Irradiated animals developed an eosinophilia in 
response to parasitic challenge only when reconstituted with 
lymphocytes as well as bone marrow celis. Marrow alone did not 
suffice. When lymphocytes from sensitised donors were used 
together with normal marrow cells, a 'secondary' type of 
eosinophilic response occurred. In other experiments, neonatal 
thymectomy significantly reduced the capacity of both mice and 
rats to mount an eosinophilia in response to antigen? 

These studies in intact animals have been refined by studies in 
diffusion chambers implanted in mice and by in vitro culture 
systems? ^?, Ruscetti et al. added medium conditioned by sensi- 
tised splenic lymphocytes and Trichinella spiralis antigen to 
marrow cells from Trichinella-infectec mice. They observed а 
three- to fourfold increase in eosinophils in liquid culture. The 
response was antigen specific as neither pokeweed mitogen nor 
PPD stimulated the release of eosinephil-stimulating factor. 
Collectively these experiments suggest that thymus-derived or 








Table2 Stimulation of erythroid colonies from murine bone marrow in 
diffusion chambers implanted m normal mice 
Cells added to chambers Erythroid colonies 
per chamher 
Bone marrow 164 0.8 
Bone marrow + PHA 31.94 72 
Bone marrow + thymocytes E7312 
Bone marrow + PHA + thymocytes 63.0:22.0 





Bone marrow cells (1x 10°) or thymocytes (2 х 10°) were incubated 
for 30 min with or without PHA (0.01 ml per ml) and washed twice. Ín 
all cases 100,000 bone marrow cells were implanted in Millipore cham- 
bers containing a plasma clot. Erythroid colonies were counted 3 d after 
peritoneal implantation of chambers in host mice (ref. 36, and E. 
Niskanen, unpublished observations). 


thymus-dependent cells may modulate eosinophilopoiesis in 
response to antigenic challenge. In addition, T-lymphocyte 
products may influence eosinophil migration". The granulo- 
poietic and eosinophil responses to the soluble products of 
sensitised T lymphocytes are probably independent, as studies 
from in vitro culture of marrow from children with congenital 
neutropenia and other observations?" support the notion of 
separate committed stem cells for neutrophils and eosinophils. 


Cellular interactions with pluripotent 
stem cells 


Relatively little is known about the factors influencing proli- 
feration of pluripotent stem cells (CFU-S) or their commitment 
to a single line of differentiation. Under normal circumstances 
CFU-S do not actively proliferate. With increased demands for 
haematopoiesis, as after subtotal irradiation, the CFU-S 
compartment begins to expand. The signals for proliferation in 
the intact animal are not known. In vitro, PGE, has been 
reported to induce CFU-S to enter the proliferative cell cycle”, 
PGE is one of the biologically active products of the macrophage 
and, in theory, is a potential mediator of several haematopoietic 
cell interactions. 
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Table 3 Erythroid burst-promoting activity of medium from a human 
T-cell line 





BFU-E per 2 x 10? cells* 


None 0 
Epo, 31 per ml 1342 
Epo, 3ш per ml + T-cell medium, 50 pl 42+3 


Addition to culture 





*Light density human peripheral blood leukocytes. 


Cerny*®*” described another possible interaction. He repor- 
ted that the number of CFU-S increased in spleen cell suspen- 
sions treated with phytohaemagglutinin (PHA). The effect was 
ablated by pretreatment with anti-@ serum and complement. 
Furthermore, conditioned medium from PHA-treated spleen 
cells increased the numbers of CFU-S in bone marrow two- to 
threefold. Pritchard** showed that thymocytes augment spleen 
colony formation when injected with marrow cells. Recent 
observations suggest that thymectomised mice or nude mice 
deficient in T cells may also demonstrate abnormalities of 
haematopoietic stem cell function”. If corroborated, these 
many observations suggest the existence of yet another T-cell 
interaction with haematopoietic stem cells. 


Stromal cell interaction 


Another important class of haematopoietic interactions is that 
between proliferating haematopoietic cells and the stromal cells 
of blood-forming organs. At present, this class of interactions is 
the least understood. After transplantation into irradiated 
syngeneic mice, haematopoietic stem cells proliferate with a 
doubling time of 20-25 h. The major sites of cellular proli- 
feration are the spleen and the medullary cavity. The rate of 
stem cell replication and the direction of differentiation are 
partly determined by factors derived from the organ of lodgment 
and collectively referred to as the haematopoietic inductive 
microenvironment (HIM) or the 'stroma'. Some of the factors 
seem to be under genetic control“, 

The murine bone marrow and spleen stroma can support 
differentiation of pluripotent haematopoietic stem cells along 
four pathways: erythroid, neutrophilic, eosinophilic, and 
megakaryocytic?^^'. Splenic haematopoiesis, however. is 
prominently erythroid, whereas granulopoiesis is more evident 
in the bone marrow. The effects of the stromal microenviron- 
ment on stem cell differentiation are presumed to be mediated 
by short-range cellular interactions. 

An elegant and clear demonstration of the effect of the HIM 
on haematopoietic cell differentiation was provided by Wolf and 
Trentin??, They implanted plugs of bone marrow stroma in the 
spleen and studied the pattern of growth of transplanted 
haematopoietic stem cells growing across the junction of such 
implants. On the spleen side, the colonies were predominantly 
erythroid, and on the marrow side, predominantly granulocytic. 
Subsequent investigations have suggested that an abnormal 
HIM for erythroid differentiation is responsible for the genetic- 
ally determined anaemia of s//sl* mice "7?! 

There have been few attempts to study organ influences of 
haematopoiesis in vitro. Metcalf found that lymphocytes and 
thymocytes potentiated colonial bone marrow growth in vitro. 
Subsequently, Chan and Metcalf observed that femoral bone 
shafts could condition medium to support the growth of marrow 
colonies. Dexter et al.®*** have recently developed a liquid 
culture system in which proliferation of mouse haematopoietic 
stem cells can be maintained in vitro for long periods. In this 
system, marrow-derived adherent cells established in culture for 
three weeks are inoculated with freshly isolated bone marrow 
cells. The latter subsequently proliferate for several months and 
retain viable CFU-S and CFU-G,M. Their proliferation 
depends upon the adherent population comprised of phagocytic 
mononuclear cells, or ‘epithelioid’ cells, and giant fat-containing 
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cells which seems to provide an in vitro microenvironment. 
Within this adherent layer, extensive cellular interactions occur. 
Marrow-derived adherent cells from a particular mouse strain 
can stimulate the growth of haematopoietic cells from genetic- 
ally incompatible, as well as syngeneic, mice. Dexter and Moore 
have recently shown functionally abnormal adherent feeder 
layers derived from 51/5/° mice®’. 

We have also used suspension and agar cultures of mouse 
bone marrow to study the effects of organ stromal factors on 
cellular proliferation and differentiation in vitro. Bone, spleen, 
and thymus fragments from irradiated mice were placed in 
contact with syngeneic bone marrow cells growing in suspension 
culture. Neutrophilic granulocyte numbers were greatest in the 
presence of bone or spleen. The stromal microenvironment of, 
those tissues thus influences haematopoietic cell differentiation 
as well as proliferation in vitro, possibly by means of a CSA-like 
factor. 





Fig. 2 Scanning electron photomicrograph of cells in long-term 

culture of human bone marrow. Adherent cells are established in 

culture before the system is ‘recharged’ with a fresh inoculum of’ 

bone marrow cells. The small round cells proliferate on the surface 

of larger adherent cells for several weeks and can be assayed in 

gel-matrix culture as CFU-G,M and CFU-E (photograph courtesy 
of Dr William Hocking and Shirley Quan of UCLA). 


Recently the culture system developed by Dexter ег al. 
has been applied to the cultivation of human bone marrow. In 
this system, CFU-G,M and CFU-E are preserved for several 
weeks. As in the murine system, large stromal cells as well as 
smaller round proliferating cells are in intimate contact in the 
growing cultures (Fig. 2). The interactions between these cells 
which are crucial for proliferation and differentiation are still 
undefined. Nevertheless, these new culture techniques do pro- 
vide the means to explore stromal cell interactions. 


Leukaemia 


In acute myeloid leukaemia, abnormal haematopoiesis results in 
anaemia, thrombocytopenia, and decreased granulopoiesis. Are 
the normal haematopoietic cells replaced by leukaemic cells in 
the blood-forming organs or are they suppressed by humoral 
factors produced by leukaemic cells? The latter explanation is 
suggested by cytogenetic studies which reveal that normal 
haematopoietic clones are present but do not expand until the 
leukaemic cell mass is reduced by chemotherapy. 

Leukaemic cells co-cultivated with normal marrow cells 
suppress granulopoiesis?" ^^. The basis of this may be in the high 
molecular weight inhibitor of normal human granulocyte stem 
cells that we have identified in a previously described myeloid 
leukaemia cell line??"?. This inhibitor also affects mitogen- 
stimulated human lymphocytes but not erythroid precursors, 
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normal fibroblasts, or various epithelial cell lines (Table 4). It 
has a molecular weight greater than 100,000, demonstrates 
species specificity, adsorbs to Millipore filters, and is inactivated 
by heat at 56 °C after 30 min. Its effect on sensitive stem cells is 
reversible in a time- and concentration-dependent fashion. It 
does not seem to affect either the S-phase of the cell cycle or 
mitotic events. We do not yet know if similar inhibitors are 
present in clinical leukaemia. 

Another consideration is whether leukaemic cells retain 
responsiveness to normal cellular interactions and haemato- 
poietic hormones. In general, human acute myeloid leukaemic 
cells in agar gel form small clusters of 4 to 20 cells rather than 
true colonies of 50 to several hundreds of cells. Nor is there 
much evidence of cytodifferentiation in vitro, although many 
leukaemias show both enhanced cluster and colony formation in 
response to CSA. It has been speculated that acute myeloid 
leukaemia sometimes results from a defect in the haemato- 
poietic environment and its controlling hormones”'; however, 
based on the observations cited and the demonstration that 
leukaemic cells retaining monocytic features can make CSA, it 
seems unlikely that the primary abnormality in leukaemia 
resides in the hormonal environment. The fundamental defect 
seems to be a loss of the ability to differentiate in response to 
normal hormonal signals and cellular interactions. 


Concluding remarks 


A variety of cellular interactions control the production of blood 
cells in haematopoietic organs. These interactions include the 
involvement of T lymphocytes in granulopoiesis, monocyto- 
poiesis and erythropoiesis; and mononuclear phagocyte inter- 
actions in granulopoiesis, in T-lymphocyte differentiation, and 
perhaps in erythropoiesis. The stromal cells of haematopoietic 
organs provide a unique microenvironment which influences the 
development of stem celis. 

The rich diversity of haematopoietic cellular interactions may 
serve as a model for interactions in other tissues and organs 
comprised of multiple cell types. Blood cell interactions have 
been elucidated in vivo in animal models and in vitro in recently 
developed culture systems applicable to human studies. 

For several years cellular interactions affecting haemato- 
poietic cell proliferation and differentiation have been described 
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in terms familiar to cell biologists: for example, the activation of 
macrophages by soluble products of lymphoid cells is well 
established^*. More recently, permanent lines of haemato- 
poietic cells have provided tools for studying induced differen- 
tiation of eukaryotic cells at the molecular level ^. It is likely 
that these model systems will provide the uitimate explanations 
of the influence of one cell upon the proliferation and аі егеп- 
tiation of its neighbour. It is also possible that the techniques 
used to examine these interactions may have unanticipated 
benefits for the treatment of human disease. For example, it has 
recently been reported that mixtures of baematopoietic stem 
cells cultured for long periods in vitro can change their antigenic 





Table 4 Inhibition of proliferating cells by medium from a myeloid 
leukaemia cell line 


Inhibition 





Target cells Inhibitor 
concentration of growth (96) 
v/v 

Human CFU-G,M 1:100 9822 
Human CFU-E 1:10 6444 
1:100 644 
Mouse CFU-G,M 1:10 74%6 
1:100 2345 
Human fibroblasts 1:10 2+2 
Human epithelioid cells 253J 1:10 0x2 

Human T lymphocytes 
(PHA) 1:10 8246 





characteristics and subsequently proliferate in host animals 
which would ordinarily reject their growth ^. This observation 
may have important implications for the biology and technology 
of human bone marrow transplantation for aplastic anaemia and 
malignant disease. Currently such transplantation is restricted to 
donors and recipients possessing haematopoietic cells which are 
closely similar in surface antigenic structure. The possibility that 
one could artificially alter that structure is challenging. 
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We propose a model of apparent superluminal expansion 
based on straightforward relativistic motion. The model 
gives a natural explanation of the ratio of radio-quiet to 
radio-loud quasars. 





THE expansion of the double structures of quasars revealed by 
VLBI” at apparent separation speeds exceeding 2c, has posed 
an intriguing problem; the numerous suggestions that have been 
made for its solution have been classified and discussed by 
Blandford et al^. Theories of the type they call ‘ballistic’, in 
which radio-emitting matter is projected at v — c in directions 
making small angles Ө with the direction towards the observer, 
have been current for a long time, and a version involving 
spherically symmetrical relativistic expansion was originally 
devised by Rees* to account for the rapid variability of certain 
powerful radio sources. In a two-component version of the 
theory, the approaching component has apparent transverse 
speed v sin 0/(1—(v/c) cos @) and apparent power Po{y(1—- 
(v/c)cos 9} 9***; for the receding component v is replaced by 
—v (ref. 5) (Po is the radio power per Hz іп the component's rest 
frame, and а its spectral index in the sense Рось“), The 
maximum apparent transverse speed occurs when sin 6 = 1/y 
and is ур; thus an apparent speed of Sc calls for y a little > 5. 

The traditional difficulties with this type of model are: (1) if 
their intrinsic powers are at all similar, the receding component 
has a flux density very much smaller than that of the approaching 
component; even for modest v/c this ratio is large (see ref. 6) 
and for 0 ~ 1/y with y x2 the receding component should be 
quite unobservable. This totally disagrees with the reported 
fairly symmetrical double structure. (2) In a randomly orien- 
tated sample of sources, very few have axes sufficiently close to 
the line of sight to reach large Vapparent/C; for example, for у = 5 
the proportion with sin 0 < 1/ y is 2%. However, superluminal 
velocities are observed in a large proportion of the quasars that 
have been observed systematically by VLBI. 

Lynden-Bell has shown one way out: he postulates that the 
ejecta merely excite the surrounding (~stationary) matter to 
emit radio waves, thus avoiding difficulty (1), and removes (2) by 
using a large value of Hubble's constant, so that only modest y's 
are needed. 

Another way is to suppose that the observed VLBI ‘doubles’ 
consist of approaching components only. In this scheme the 
appearance of an expanding double is due to a bright knot in the 
approaching stream, together with radio emission continually 
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regenerated near the quasar nucleus; a relatively small total 
energy is enough to provide observable radio emission from a 
very compact source near the nucleus, but the amount of radio 
emission there is limited by synchrotron self-absorption, so that 
we may expect the radio emission close to the nucleus to 
fluctuate rather less than the energy supply. Difficulty (1) is then 
irrelevant, and (2) is attributed to a selection effect, sources 
approaching with high y and small @ being observed often 
because of their high apparent radio power. The much larger 
number of similar sources with large @ are then to be identified 
with some or all of the radio-quiet quasars, which are optically 
very similar to quasi-stellar radio sources (OSRS). We have 
favoured this model for some time, but the stimulus to working 
out its consequences more seriously came from recent work at 
Caltech*? which shows that, in six out the eight cases observed, 
the VLBI structures in fact consist of a (so far) unresolved, 
self-absorbed component at one end, and a single ‘jet’ (with a 
steeper spectrum) emerging from it. 

The six sources showing clear core-jet structure are 3C120, 
3C147, 3C273, 3C286, 3C345, 3C454.3; the two other sources, 
CTA102 and 3C380, show no striking asymmetry, but have so 
far been observed at only one frequency. 

Here we define the nature of the model we propose; compute 
the ratio of total optical QSO numbers to OSRS that it requires; 
examine the problem of compact central sources associated with 
large classical doubles; and point out some other observational 
consequences of the model. 


The model 


We postulate that the radio-emitting objects are ejected often, 
or continually, but by no means steadily, along one axis. Thus 
there is always some radio emission close to the QSO, but all the 
radio-emitters on the approaching side are moving with similar 
velocities. (A stationary nuclear component would have flux 
density independent of orientation, and thus defeat the model 
through difficulty (2)). We must suppose, however, that much of 
the light comes from a stationary source, as the line emission 
does not have large v/c (otherwise blueshifts would occur), and 
the line: continuum ratio does not vary really drastically from 
one quasar to another. The model would not be inconsistent 
with an appreciable fraction of the continuum originating in the 
relativistic jet in some cases, and indeed such an interpretation 
would be required if a strong trend for greater optical variability 
among OSRS than among QSOs as a whole (see ref. 13) is 
confirmed. 
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We need a range of y extending up to at least 7 (to account for 
Vapparent IN 3C345), and down to 1.5 or less to account for the less 
powerful but relatively common central components of classical 
double radio sources. Though most of our calculations refer to 
quasars with only a single value of у (and also of Po, a, and 
optical luminosity) and we concentrate on the distribution in 9, a 
more thorough treatment will require model-building with dis- 
tributions of these parameters. 

Blandford has pointed out that, if a succession of pairs of 
components is ejected, and each lasts a given proper time (after 
which its radio emission fades), then at any instant we observe 
more of those on the receding side than on the approaching side; 
thus one Doppler shift factor disappears from Ryle and 
Longair's formula? for the apparent radio power, that is, the 
exponent becomes (2 + a) instead of (3 +а). The VLBI obser- 
vations indicate that we are generally observing several 
components at once, so that our model will generally correspond 
more closely to Blandford's picture than to that of Ryle and 
Longair; hence we adopt an exponent (2 + а) in our formulae, 
and show numerical results corresponding to the strict two- 
component model by giving a values 1.0 in excess of normal 
spectral indices. 


The number of radio-quiet QSOs 


In our model, the approaching half of the radio source gives 
essentially all its observed flux density S; if it lay transversely in 
the plane of the sky, it would have given a flux density S,, where 


S,= S(1—(v/c) cos 8)?** (1) 


(Thus a symmetrical double source with 8 — 90? would have flux 
density 2S,; as in our model the radio emission is very faint for 
sources with large 6, we shall ignore this fine distinction between 
S, and 25,.) We introduce S, because it depends on distance like 
S, but is independent of 8, and for our standard quasar we can 
therefore regard S, as a measure of the optical flux density. 

For our rough estimate, we take the optical differential source 
count for quasars to be a power law 


dN = KS,?^! dS, (2) 
The density of quasars in the S, S, plane is then given by 
dN = KS,?^ dS,d(cos Ө) 


K А 
= vG ET вто оаа) ds, dS (3) 





(using equation(1)) in the band between the lines 5, = S and 

S, 7 S(1- v/c) = fS (4) 
Note that f « 1 even for modest values of y: f $0.01 for y -2 
and f = (2?) ?*?' for large y. If we set optical and radio limits of 
detection at $ and S,, respectively, such that an appreciable 
fraction of the sources with S S, are optically identified (Fig. 
1), then S, > So and we find: 
Fraction of OSRS with S > S, that are not optically identified = 

a -f87UOte yey ~B(2 +a fS A/S) A 
+((2+a@)B —1)(fS,/So)*} (5) 

Fraction of QSO with 5, > S, which are also QSRS with S > $, = 
З CMT 
vig(2*-a)-1 


m В(2+а) 
 2y'!lg(2*-2)-1 


(SS)? (1 w/c)- (8/89 


--——— 
В(2+а) 
(So/5,)"2"" 1} (6) 


We can safely set the first factor in equation (5) to unity; 
eliminating the quantity (fS,/So) between equations (5) and (6) 
then lets us present the relationship between the fraction of 
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Fig. 1 The S (radio flux density) —$, (essentially optical flux 
density) plane. Sources exist between the lines marked 8 = 0° and 
Ө = 90°. 


unidentified QSRS and the fraction of QSRS in an optically 
selected sample in the simple form shown in Fig. 2. 

Evidently, if most of the QSRS are optically identified (which 
is certainly true of flat-spectrum quasars), the ratio of total 
QSOs to OSRS is several y? : 1; if all are identified (S, < fS,) the 
ratio exeeds 237(8(2-- a) - 1) that is it is >4y° for 8 = 1.5, 
a — 0. The numerical factor does not depend critically on the 
proportion of unidentified quasars, or on B or a; thus if y is 
typically 5, we expect about 1% of an optically selected sample 
to be radio sources. Furthermore, we expect the proportion to 
rise very slowly if we look with more sensitive radio telescopes; 
equation (6) shows that the proportion of OSRS rises roughly 
like 5; /?** This feature, too, is qualitatively entirely in 
agreement with observational experience. 


The distribution of apparent velocities 


We can gain insight into the apparent velocity distribution in a 
radio-selected sample by working in the approximation y » 1, 
0 « 1. To this approximation, the proportion of sources with 
radio flux density $ > S, having Vapparent/£ > y sin y is 


(cos jy) Oto РК (sin jy)fetee? {7) 


With 8 = 1.5, a =0 (8 = 1.8, a = 1.5), 87% (69%) of sources 
have Vapparent/ € > 0.5у and 60% (31%) have Vapparom/C > 0.8 y. 
Thus apparent velocities comparable with yc are indeed expec- 
ted to be very common in a radio-selected sample. (The exact 
figures are 82% (62%) and 39% (16%) at y = 2, so the approx- 
imation is a fair guide even for small y.) 


Central components of classical 
double sources 


In classical double radio sources, where the central component 
generally contributes little to the total flux density (especially at 
low frequencies), we should have a sample with random orien- 
tation of axes. However, a substantial fraction of such sources 
have central components whose properties seem to be qualita- 
tively similar to compact sources without extended structure, 
and which are roughly aligned with the large-scale double in the 
few cases where VLBI measurements exist. No direct 
measurements of apparent expansion velocities exist yet. (We 
must exclude sources with extended structure on one side only, 
such as 3C273, also 3C345 and 3C454.3 {теѓ 14) as in these, the 
extended structure might have substantial v/c). However, a few 
central components are known to be racio variables. 

Clearly, very few of these central components can be sources 
with y = 5, as we have seen that for each such source there must 
be several у? 'radio;quiet sources'—here, doubles without 
observable central components—whereas it is observed that 
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Fig.2 The ratio of total quasars (radio quiet and QSRS) to QSRS 
alone, above given radio and optical limits, as a function of the 
fraction of unidentified QSRS in the radio-limited sample. The 
differential optical source count is assumed to be a power law with 
index ~(8 + 1); the line a = 0 represents flat-spectrum sources in 
mean, while the a = +1 line represents either steep-spectrum 
sources or a strict 2-component model for flat-spectrum sources 
(see text). 


~30% of 3C radio doubles (and more than half of the 3C 
quasars with extended double structure) have central 
components. We now make this argument a little more quan- 
titative. For sources of identical у, 5, and o, the distribution of 
apparent intensities due to their random orientations is given by 


dN x dí(cos 0) = constant x $^! ?** dS, S, S « S/f 
(8) 


and zero outside these limits. To estimate the largest y we can 
allow as typical for central components, we compare equation 
(8) with the narrowest distribution we can find for S relative to 
some orientation-independent quantity, which is that of the 
ratio R of S to the flux density of the extended double structure. 
We use the complete sample of 166 3C sources selected at 
178 MHz (listed in ref. 15). From it, we select those sources that: 
first, have large-scale structure on both sides of the optical 
position; second, are well enough resolved to yield an estimate 
or a useful upper limit for the flux density of the central 
component at 5 GHz (in some cases of doubtful interpretation, 
15 GHz maps with 0.67" resolution have also been inspected); 
third, are identified with quasars. 

We use only quasars because central components are com- 
moner in them than in sources as a whole, so that they lead to a 
severer restriction on y. (We should also exclude sources whose 
178 MHz flux in extended structure alone would have fallen 
below the $, = 10 Jy limit of the sample, but found no likely 
cases that had not already been excluded on other grounds.) The 
result (see Fig. 3) shows that a range of 64:1 in the ratio R is 
compatible with the observations; this corresponds to y = 2. 
Even y = 2.5 would be hard to reconcile with the Observations: 
the total number of sources would then have to be six times the 
number in the top three octaves, that is, 36 instead of the 22 on 
our list. Of course, the true distribution is likely to contain a 
range of y, extending from values close to 1 to y=2.5 and 
beyond; such a range of y, together with a scatter in other 
instrinsic properties, would give a more bell-shaped distribution 
than equation (8). 

We emphasise that there is no need to suppose that the central 
components of classical doubles are drawn from a population 
with a quite different y distribution from that of the compact 
quasars; information available would allow us to ascribe the 
apparent difference solely to selection effects, for the central 
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components by themselves would make very little difference to 
the counts of radio sources, or of quasars. 

A more serious matter is the variability of central 
components. The observational evidence is still very sparse, and 
the most striking case we know is that of 3C111 at z = 0.049, 
whose central component has been known to vary by 2 Jy in 
0.4 yr (R. G. Hine, personal communication). This rate of 
variation would be compatible with conventional electron 
synchrotron emission for a component speed corresponding to 
y ~2, or rather less if the component is itself expanding with 
mildly relativistic speed. 


The radio source counts 
at high frequencies 


It is well known that the radio source counts at high frequencies 
(2.7 and 5 GHz) deviate much less from a power law with 
B=1.5 than do the source counts at 408 MHz and lower 
frequencies (see ref. 16). There are two ways in which this fact 
could be related to the present model. 

First, the distribution of S with orientation (equation (8)) 
introduces a broad scatter in apparent radio luminosity in 
addition to the intrinsic radio luminosity function. This might be 
expected to flatten out the hump in the graph of normalised 
source counts versus $ (Fig. 1 of ref. 16) at high frequencies, 
where the source counts are dominated by flat-spectrum quas- 
ars, but not at low frequencies, where the source counts are 
dominated by classical doubles and orientation effects are 
therefore unimportant. In fact, this effect is far too small to 
account for the observed difference between low and high 
frequency counts, because the distribution in equation (8) is so 
much less steep than the source counts. Numerical convolution 
of the 408-MHz source counts (from ref. 16) with distributions 
given by equation (8) flattens the graph of normalised source 
counts slightly though noticeably at low flux densities, and 
changes its slope very little indeed at high flux densities. 

Second, it is also well known that low-powered radio sources 
evolve far less strongly than high-powered radio sources. In the 
present model, the flat-spectrum quasars are sources of low 
intrinsic radio luminosity, promoted to high flux density by high 
speed and favourable orientation. Thus the present model may 
provide a link between the relatively slow evolution of flat- 
spectrum quasars and the relatively slow evolution of weak radio 
sources. 


The curvature of the VLBI structure 


Readhead et al." have considered the VLBI structure of radio 
sources which have extended components on either side of the 
optical object, and of sources in which the extended structure, if 
any, is one-sided and a dominant compact (<0.1") radio 


Fig.3 Histogram of the numbers of classical double quasars with 
various ratios of central component flux density to extended 
component flux density (note log scales). The thin line is the 
predicted distribution for the model sources with flat spectra 
(a = 0) expanding at у = 2, fitted to the histogram; larger y would 
require a larger range along the abscissa, and hence a greater 
number of sources without observable central components. 
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component is coincident with the optical object. They call these 
type S and type C objects, respectively, and find that, in those 
type S objects that have a sufficiently bright central radio 
component to be studied by VLBI, this structure is well aligned 
with the outer components (five cases). Conversely, in type C 
objects the compact component is generally curved (four cases). 
If our model is correct, the fact that curvature is seen at all 
implies that the opening angle of the jet is considerably less than 
1/y. The curvature observed, projected on to the plane of the 
sky, will be the instrinsic curvature of the jet magnified by a 
factor cosec 9, that is a factor zy according to our model. Thus 
our model leads us to expect much greater curvature in type C 
sources (large y, small 0) than in type S sources (small у, random 
0). The curvature observed in type C sources ranges from 20° to 
45°. 


Conclusions 


We believe that the model suggested here is consistent with the 
known facts about quasars. The model lacks ingenuity, and we 
regard that as one of its merits. The model is a fragile one; the 
clearest and cleanest evidence against it would be the detection 
of large superlumina! apparent expansion velocities in the 
central components of even a few quasars with extended double 
structure. As a preliminary to looking for such evidence we hope 
to encourage more extensive monitoring of flux density varia- 
tions in such central components. 

We note that the high speeds of approach in the present model 
increase the limit on apparent surface brightness imposed by the 
onset of inverse Compton scattering; thus it is rather easier to 
account for rapid variability below 1 GHz ^5 than it would be in 
models in which the radio emitters are static. 

Much more detailed model-building will be required to find 
out whether the model is consistent with all aspects of quasar 
statistics, such as their distribution in redshift and in optical 
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luminosity. We have also treated the radic components as being 
ejected into an infinitesimal cone at a singie value of 6; ejection 
into a finite range of @ could have substantial effects on the 
statistics. The different typical ys required for compact quasars 
and quasars with extended double structure seem at first to be a 
very contrived feature of the model, but it seems to us that this 
difference can arise largely or entirely as a result of the different 
methods of selection. We are much less happy about the need to 
attribute relativistic speeds to the single-ended extended struc- 
tures in 3C273, 3C345, апа 3C454.3, though we are consoled by 
the facts that (1) these extended structures are in all three cases 
on the same side of the most compact components as is the jet, 
and (2) two such structures (in 3C273 and in 3C274 (M87)) are 
also distinguished from other extended radio structures by their 
strong optical continuum emission. 
We thank Drs R. D. Blandford and J. V. Wall. 
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The observed dielectric response of most materials is seldom 
in accord with Debye behaviour, but has been found 
experimentally to exhibit a remarkable ‘universality.’ It is 
proposed that this universality is a consequence of some 
ubiquitous correlated states which exhibit an infrared (IR) 
divergent-like response to induced transitions of the 
polarising species. 





IN a recent detailed survey! ^ of the dielectric response of a wide 
range of solids, it was concluded that the time or frequency 
response departs strongly from the Debye response and that it 
falls into a remarkably common or ‘universal’ pattern in which 
the frequency dependence of the dielectric loss follows the 
empirical law 

Хо)" with О<и<1 (1) 


extending over several decades of frequency from the lowest 
audio and sub-audio range to w/2a = 10° Hz, in a remarkably 
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wide range of different materials. The corresponding time- 
domain response of the depolarisation current is given by the 
Fourier transform of equation (1) and has been known for many 
years as the Curie-von Schweidler law: 


i(t)oc t^" (2) 


The universal response applies to permanent dipoles and to 
hopping charge carriers of electronic, polaronic and ionic 
nature. It is valid in solids with covalent, ionic and molecular 
bonds, in single crystals, polycrystalline and amorphous struc- 
tures, and hence is apparently independent of the particulars of 
the material. At higher frequencies, in excess of 10° Hz, quan- 
tum effects involving lattice mode excitations and/or electronic 
excitations become prominent but these will not interest us in 
the present context. 

The various types of dielectric response are summarised* in 
Fig. 1. We note the virtual absence of the pure Debye behaviour. 
In dipolar materials the universal response, equation (1), is 
followed at low frequencies by а loss peak of either the о or the B 
type, while in systems dominated by hepping charge carriers 
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another universal response with very small values of n, typically 
between 0.1 and 0.3, follows at low frequencies’. 

The totality of these experimentally ascertainable facts is not 
compatible with any of the numerous theories that have been 
proposed in the last half-century to explain the behaviour of this 
or that particular class of materials and the need to invoke 
many-body interactions to account for the generality of equa- 
tion (1) has been suggested? ^. The possible connection of this 
behaviour with infrared divergent response has also been con- 
jectured (K. L. Ngai, unpublished). 

This state of affairs has motivated us to seek a more 
fundamental understanding of the universal behaviour in terms 
of physically simple and ‘elementary’ properties. We will 
present here several elementary principles which when 
combined will enable a derivation of the universal law shown in 
equation (1) to be made regardless of the physical, chemical and 
geometrical properties of the solids, and also regardless of the 
nature of the electrically active species responsible for polarisa- 
tion, whether dipoles, electrons or ions. We will also discuss 
several examples of low energy excitations expected in various 
systems that satisfy these elementary principles. We shall derive 
the universal response (1) and briefly mention the possible 
presence of a loss peak at lower frequencies. 


IR divergence and the universal law 


IR divergence phenomena, although not commonly observed in 
physics, have been seen in several instances, notably in quantum 
electrodynamics as bremsstrahlung’, and in solid state physics"? 
as the peculiar shape of X-ray absorption edges of metals’. 
These examples are not exhaustive but the subjects they cover 
demonstrate that IR divergence is not uncommon. 

The features common to systems exhibiting the IR divergence 
are: (1) the sudden application of a potential, or a sudden change 
of the potential or the hamiltonian; and (2) the availability of 
low-energy excitations of the system and its response to the 
sudden potential change dominated by the emissions of these 
low-energy excitations. 

In the time domain, the phenomenon is the transient 
response ^^? of the system to that abrupt change of potential. IR 
divergence occurs whenever the suddenly switched on potential 
V excites some low energy excitations, with a density of states 
N(E) for excitation energy E, which is such that V (E)N(E)«c 
E. In this instance there is an increasingly high probability of 
exciting decreasingly small energy excitations and this causes a 
power-law divergence of the response in the frequency domain, 
equation (1), or its time-domain equivalent, equation (2). In the 
X-ray edge problem in metals an absorbed X-ray photon 
suddenly switches on a hole-core potential V for the conduction 
electrons. The low-energy excitations here are the electron-hole 
pairs. 

We shall propose later that within a broad classification of 
dielectrics some ubiquitous states exist that, for convenience, we 
shall refer to as correlated states. Low energy excitation of the 
correlated states with excitation energy E consists of removing 
an ‘occupied’ state to an ‘unoccupied’ state and is the analogue 
of the electron-hole pair excitation in the X-ray edge problem. 
Due to induced transitions of the charged particles or dipoles 
responsible for the polarisation of the dielectric, a potential V is 
turned on acting on these correlated states. Hence the response 
of the dielectric involves emission of correlated state excitations. 
We shall argue in a specific example given that the low energy 
excitations of these correlated states have a density of states 
N(E)« E, and the potential change V has little or no E depen- 
dence. Furthermore, V may be taken as suddenly applied as the 
polarising species of the dielectrics should undergo quantum 
transitions, including changes in their positions/orientations, 
between preferred states in an abrupt manner by hopping or 
jumping movements" such that the time 1/v taken by the 
actual transition is negligible in comparison with both (1) the 
time spent on average in the respective preferred states, and (2) 
the time characteristic of the low energy excitation of the 
correlated states. Condition (1) is invariably satisfied in solid 
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dielectrics. That condition (2) is also satisfied will become 
clearer after we have considered the nature of the correlated 
states. It then follows that the requirements for an IR divergent 
dielectric response of the correlated states are satisfied. The 
mean number p of correlated state excitations is then p= 
b [6 V?N(E)dE/E?, which diverges logarithmically, where E, 
is the upper ‘cut-off’ at the correlated state excitation energy. 
It is interesting that the IR divergence problem when consi- 
dered in the time domain as a transient response problem'^ 
does lead to the time decay of the response function for large 
times as г". The derivation of the complete dipolar loss peak 
response will be discussed elsewhere, meanwhile we discuss the 
correlated states in a broad classification of dielectrics. 


Correlated states 


We have connected the universal law, equation (1), to an IR 
divergent response of correlated states. For this interpretation 
to follow, such states must be prevalent in dielectrics and have 
characteristic response times long in comparison to the switch- 
ing of the hamiltonian. Below, we discuss several examples of 
such correlated states which can reasonably be expected to be 
present in many dielectrics. Note, however, that although these 
examples are quite general, they are by no means exhaustive. 
Furthermore, the first class of correlated states which we discuss 
(those related to spin density fluctuations) is not the most 
general as the majority of dielectrics are diamagnetic. We have 
chosen this class for initial consideration because the resultant 
analysis facilitates the treatment of the more important classes 
of correlated states considered subsequently. 

(1) Dielectrics with localised spins: new concepts and ideas on 
low-energy excitations in spin glasses (and real glasses) have 
been recently introduced by Anderson et ai."^, Phillips’* and by 
Anderson". They propose the existence of a statistical dis- 
tribution of localised tunnelling levels and/or modes. In a spin 
glass, spins are considered as classical dynamical quantities with 
a potential energy surface that is a function of the simul- 
taneously specified orientations of all the spins; local minima in 
the energy correspond to metastable states of the spin glass 
associated with different spin configurations. A tunnelling mode 
(TM) in a spin glass'*** is defined in spin configurational space as 
two local minima of energy difference AE separated by a 
quantum-mechanical energy barrier. Tunnelling between one 
local minimum and another, if it occurs, involves the rearrange- 
ment of several spins. The ‘low’ temperature linear specific heat 
observed in spin glasses comes from TMs with energy bar- 
riers that are sufficiently great so that resonant tunnelling of 
spins (atoms) between the local minima does not occur, but small 
enough so that tunnelling between the two levels can take place 
during the time span of the specific heat measurement. 

Let us examine the transient response of these spin TMs to a 
sudden potential change, V, caused by fast quantum transitions 
of some charged species. Tunnelling modes whose alternate 
states are separated by more than ~ hwo, with wo = 10 GHz, can 
be eliminated at the outset for consideration of IR divergent 
response as our interest is in the low frequency dielectric 
behaviour where w is smaller or much smaller than 10 GHz. 
Also, we need to consider only the very low energy TMs with 
quantum-mechanical energy barriers large enough so that the 
characteristic response time of the TM to V is long in 
comparison with the jump time of the polarisable species. This 
class of TMs should exist. Anderson? pointed out that as the 
configurations of the spins (atoms) is random, there must be very 
many locations (of order N ; the number of spins or sets of spins), 
where there are two possible configurations of very similar 
energies E, and E. If E, and E; are independent random, 
variables, then the probability P(AE) of finding AE — |E;— Elis 


` finite as AE > 0. But physically this is not true because it is 


possible to tunnel between the two alternate levels with à 
tunnelling matrix element 73; even though this is small for the 
'TMs under consideration. The energy level separation will be at 
least AE =|T,,|; the off-diagonal matrix element between the 
alternate levels. For the low frequency dielectric response (that 
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Fig.1 А representation of the various observed types of dielectric response in the entire range of solids. The upper set of diagrams represent the 

shapes of the logarithmic plots of x'(w) (chain-dotted lines) and x"(«) (solid lines), ranging from the ideal Debye through the a and B peaks and 

on to the universal dependence for charged carrier systems. The limiting forms of behaviour are represented by the strong low-frequency 

dispersion with small values of n and by the limiting case of frequency-independent ‘lattice response’ with n = 1. The lower set of diagrams 

represents the corresponding complex x plots. The various types of materials obeying the respective types are shown and the presumed 
polarisation mechanisms are indicated. For further details and source references see ref. 4. 


is, < 10 GHz) we are particularly interested in the AE —|T,;]^ 
0 limit. It has been argued by Anderson", that Т,, being a 
complex matrix element acts like the x and y components of the 
random field, as it has real and imaginary parts. The probability 
that the mode energy AE lies in the interval |T| and |T|+ d/T| is 
then proportional to |T'|d|T|. Thus, the density of states of very 
low energy, tunnelling modes, N(AE), is proportional to AE. 
Now the sudden potential change that induces transitions 
between the two alternate levels should on the whole not depend 
on AE. Thus, within this class of tunnelling modes, the condition 
for IR divergence | Vi; N(AE) = nAE is satisfied and the uni- 
versal law follows for spin-glasses. Note that here, and hence- 
forth, (unless otherwise stated) the two states of the TMs are 
considered thermodynamically accessible to each other. The 
possible role of thermodynamically inaccessible correlated 
states in contributing to the divergent dielectric response will be 
pointed out later. Also note that quite generally systems 
describable, for example, by a random Hubbard model would be 
expected to exhibit magnetic properties describable in terms of 
spin glass states with an example being perhaps impurity bands 
in crystalline semiconductors. 

(2) Dielectrics with atom-atom or molecule-molecule or ion- 
ion or dipole-dipole interactions: spin-spin interaction models 
can often be transcribed to other physical models with non-spin 
interactions". Well known examples include the Ising model 
equivalence to a lattice gas and to a binary alloy. A lattice gas isa 
collection of atoms (molecules) whose positions can take on only 
discrete values which form a lattice. Each lattice site can be 
Occupied by at most one atom. In general the potential energy of 
the system of atoms corresponds to a gas in which the atoms are 
Jocated only on lattice sites and interact through a two-body 
potential v(|r—r,|). The correspondence between the lattice gas 
and the Ising model is then practically immediate'*. 


Consider dielectrics were atom-atom, molecule-molecule or 
ion-ion interactions are important. In the ‘lattice’ gas and/or 
binary alloy modelling of dielectrics with random interactions, 
the essential equivalence to the spin glass Ising model implies 
that a dielectric state corresponding to the spin glass state exists. 
Such dielectrics will have, in analogy to spin glasses, very low 
energy tunnelling modes which correspond to the change of the 
atomic (molecular or ionic) occupancy of several sites in getting 
from one energy minimum to the other. This class of tunnelling 
modes again should satisfy the criterion for IR divergence and 
hence yields the universal law. The lattice gas and binary alloy 
model should be good representations of many dielectrics 
including the class of solid state ionic cenductors "^" or solid 
electrolytes such as AgI, CaF and Na B-alumina. In fact, ionic 
conductivity for these solids has been calculated in the lattice gas 
model"'. In the case of Na 8-alumina, there is the repulsive 
interaction among the diffusing sodium icns and also the attrac- 
tive interactions between the ions and their randomly dis- 
tributed, compensating defects. These preperties imply a lattíce 
gas with random interactions. There is ample experimental 
evidence??? for the existence of tunnelling modes in alkali 
B-alumina as well as Ag B-alumina. In particular there is an 
excess low temperature specific heat^*?^ contribution just as in 
the case of the spin glasses. 

(3) Dielectrics with electron self-trapping states: the concept of 
local electron self-trapping largely arises from the observation 
that by and large if a particular electronic state is singly occupied 
the atom or atoms principally associated with this state will 
adjust their positions in such a way as to lower the energy level of 
this state relative to its value when unoccupied. A traditional 
example is provided by those ionic solids where strong local 
coulomb interactions between the electron and lattice con- 
stituents induces a local lattice distorticn leading possibly to 
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the self-trapping of the electron and the formation of a small 
polaron. This tendency is not simply restricted to ionic materials 
but is much more general. Well known examples lying outside 
the usual small polaron mechanism are provided by the recon- 
struction of semiconductor surfaces’*”* and electron pairing 
states in amorphous glasses””*. The origin of the self-trapping 
in these instances is essentially a dehybridisation energy 5 293° 
arising from concepts inherent in covalency and stereochemis- 
try. The electron-lattice interaction may be strong enough to 
make it energetically much more favourable to self-trap elec- 
trons in pairs rather than singly and such systems have been 
described by Anderson?" through a negative U Hubbard model. 
Let us restrict our attention for the moment to the negative U 
electron pairing states which should be the physically most 
important due to the prevalence of diamagnetic systems in 
nature. in this instance several subgroups of possible correlated 
states can be identified with properties leading to the desired 
behaviour in ,/" where, in each case, the response time of these 
states is expected to be acceptably slow due to the lattice 
coordinates involved. 

Consider first those systems where there are a continuous 
density of pairing states, the number of which exceeds the 
number of available electrons. In these instances one can 
envision very low energy TMs corresponding to different 
arrangements of the electrons over the pairing centres. By direct 
analogy with the spin glass TMs these electron-pair TMs should 
exhibit the desired properties; that is N(AE)oc AE, V(E)= 
constant. 

Another not completely orthogonal subgroup of bipolaron 
derived TMs that could contribute to the а"! behaviour of x" is 
realised when the system is such that bipolaron states are 
essentially degenerate with, for example, non-distortive exten- 
ded states. Furthermore, in those instances where the coulomb 
repulsion dominates, heavily favouring single self-trapping of 
the electron, various subgroups of correlated states can be 
identified which are completely analogous to the bipolaron ones 
outlined above. Intermediate subgroups can also be defined 
where, for example, one envisages very low energy excitations 
which entail disassociation of a bipolaron into two singly self- 
trapped electrons or vice versa. 

Consider now an example of a thermodynamically inac- 
cessible correlated state which could produce the desired 
functional dependence in y”. For this purpose assume a smooth 
density of electron pairing states in the neighbourhood of the 
*Fermi level' and suppose that a field induced hop of the 
polarisable species introduces a coupling between these states 
which is largely independent of energy. In this instance one will 
expect an о"! dependence in x" from very low energy excita- 
tions that involve the transfer of an electron pair from an 
occupied to initially unoccupied pairing centre. This behaviour, 
however, will be completely smeared out at experimental 
temperatures unless we suppose that the energy barriers 
between pairing states is sufficient to prevent thermally assisted 
tunnelling. Thus the system at finite temperature is presumed 
locked into a metastable state and this could happen for large 
enough negative U. This case is complementary to our previous 
examples where it is supposed that each TM has equal prob- 
ability of being in either of its two states. Note that the possibility 
of low lying excitations which are thermodynamically inac- 
cessible over at least the time of a specific heat measurement has 
already been pointed out'* and in amorphous materials meta- 
stable states may persist almost indefinitely. Furthermore in this 
metastable regime the response of the system should depend on 
its history. 

Although in this section we have considered primarily amor- 
phous systems where one expects an appreciable number of 
weaker/stronger bonds, lone pairs, and so on, to be present 
giving rise to the correlated states, it is also reasonable to expect 
that such low-lying excitations occur and are important in more 
nearly crystalline solids where, for example, the remaining 
pairing centres in these materials could partially pin the Fermi 
level in their vicinity. Another relevant point is the probable 
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presence of an appreciable density of correlated states at various 
interfaces such as oxide-semiconductor’’, and metal-semicon- 
ductor??, Thus, although interface or contact effects are usually 
ignored, we expect that such systems should also exhibit a 
dielectric loss obeying the ‘universal law’ and a systematic study 
of the details could provide a powerful probe of the interfacial 
structure, so important in device physics. 


Low frequency IR divergent 
dielectric response 


Having argued that dielectrics with diverse interaction types 
should have invariably some very low frequency excitations that 
contribute a time dependence of the form г" at large t to some 
correlation function, we examine further the properties of the 
dielectric response function. Here we focus on the behaviour of 
X" (w) starting several decades above any associated loss peak 
that may exist, since this is the region where the universal o"^' 
dependence is found (see Fig. 1). In doing this we do not exclude 
those dielectrics which have associated with them the presence 
of charge carriers of an electronic or an ionic nature. In this 
regime the dielectric loss is simply related to the probability of 
exciting the correlated states and is given by x'(w)« 
{72 dte e^?" where #(t) describes the time response of the 
correlated states due to the sudden potential, V. The function 
Ф (t) has been obtained many times"? and in our notation takes 
the form ¢(t)= [|F V?N(E) (1—e ^) (AE/E?). The existence 
of some class of correlated states in the dielectric with 
V?N(E)=nE produces an IR divergence in the number of low 
energy correlated states excited and for large E.t, ф(1) can be 
approximated by n In(iE;t). Putting this result back into the 
expression for x" leads immediately to the universal law x" (cw) ос 
(^^. Note that the loss peak observed in dipolar solids before 
the universal response can be accommodated as well within the 
present framework and will be discussed elsewhere. In addition, 
dielectrics with hopping electronic or ionic charge carriers would 
be expected to show a strong low-frequency dispersion, in 
accordance with experimental evidence. 


Conclusions 


We have arrived at a fundamental mechanism for the universal 
dependence of the dielectric loss in nearly all dielectrics at 
frequencies above any loss peak that may be present and the 
mechanism is operative independent of the physical structure 
and chemical bonding in the materials. We emphasise the 
importance here of not only the identification of the Curie-von 
Schweidler law as an IR divergence phenomenon but also the 
subtle task of finding the correlated state excitations that are 
responsible for it. 

The entire empirically determined range of values of the 
exponent, 0 « л < 1, can be accounted for in the present theory 
depending on the values of the exciting potential V arising from 
the transitions of the charged species and of the density of states 
of correlated state excitations. The appearance of the limiting 
form of the Debye response may be expected in situations where 
V or N(E)are negligible. Our approach then produces a general 
scheme for classification of dielectrics based on the type of 
dominant correlations and correlated states they render. In 
particular, a discussion of correlated states associated with 
electron-electron, electron-lattice, ion-ion correlations as well 
as various subgrouping have been given. There may still be other 
types of correlations leading to correlated states with the same 
properties. In any event, dielectric loss should provde a powerful 
probe into details of the correlated states of the type we have 
considered here. We acknowledge financial support from the 
NSF and SRC. 
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A complete interglacial sequence in coastal marine sedi- 
ments in western Norway is correlated with the Eemian 
Stage by means of pollen stratigraphy, and with deep-sea 
cores by means of marine fossils. The Eemian is correlated 
with isotope stage 5e. 





THE correlation of deep-sea and continental records is one of 
the most important problems in Quaternary stratigraphy. 
Because nearly all cores from the deep-sea floor can be cor- 
related using the '*O/'*O record'?, oxygen-isotope stratigraphy 
is also the most valuable method of correlation with the 
continents. The general principles in the correlation of 
glacial/interglacial periods with oxygen-isotope stages are 
known!. However, the correlation of real stratigraphical units 
defined on land, and the oxygen-isotope stages remains prob- 
lematic beyond the range of '^C dating. 

Here we correlate the Eemian Stage of North-west Europe 
with the oxygen-isotope stage 5e as follows: a complete inter- 
glacial sequence in coastal marine sediments in western Norway 
can be correlated with the Eemian by means of its pollen 
stratigraphy, and the marine fauna of the same section can be 
correlated with the biostratigraphy of cores from the Norwegian 
Sea’, in which the oxygen-isotope stratigraphy has also been 
established. 

Shakleton" first argued for the correlation of 5e with the 
Eemian, and his conclusion has been accepted by most scientists. 
Confirmation has, however, been lacking, and discussion of 
alternative correlations has continued. Off the Pacific coast of 
North America the correlation of 5e with the forest vegetation 
period of the last interglacial has been demonstrated’. 


Definition and stratigraphical position 

of the Eemian 

The Eem interglacial is now generally accepted as a chrono- 
stratigraphical unit with stage rank: the Eemian Stage*"?. The 
type locality is along the river Eem, near Amersfoort, Nether- 
lands". The lower boundary is defined as where a subarctic park 
landscape at the type locality is replaced with a closed forest and 
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the upper boundary is placed where the forest at the type locality 
is replaced by a more open vegetation. 

The Eemian in North-west Europe is clearly recognisable by 
its typical pollen stratigraphy' ^'^. This approach could create 
confusion if the. vegetational development during two inter- 
glacials were very similar. However, this does not seem to be a 
serious problem for the Eemian. 


30 15° o 1 3c 
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Fig. 1 Map of the Norwegian Sea and surrounding areas. The 
location of Fjgsanger and the cores mentioned in the text are 
indicated. The oceanic surface currents are also shown. 
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Until recently it had been agreed that the Weichselian Stage 
immediately followed the Eemian. As the type area for the 
Weichsel glaciation is in Poland, some correlations are, 
however, necessary for this interpretation. It is also clear that 
glaciers reached Poland only during parts of the corresponding 
chronostratigraphical unit, the Weichselian Stage. If the 
Weichselian follows the Eemian, the type locality for the 
Eemian would also be the best boundary stratotype for 
the Eemian-Weichselian Stage boundary, and it has been used 
as such for a considerable time. We accept this definition based 
on the abundant evidence from North-west Europe for this 
sequence. Woillard'^ has suggested, however, that interglacials 
exist between the Eemian and the Weichselian. She carried out 
thorough studies of the most complete pollen sequence through 
the Upper Pleistocene in western Europe, the Grand Pile, 
France, and recognised that the Eemian was succeeded by two 
warm periods which she defined as interglacials St Germain I 
and II. The lower (St Germain I) is further divided into two 
warm phases, with a short cooling between. 

St Germain I and П can be correlated with the Early 
Weichselian interstadials, the Amersfoort, Brgrup'"" and 
Odderade'*. The arguments for this correlation are: (1) their 
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stratigraphical positions immediately above the Eemian are 
identical. (2) The vegetation during the St Germain I and II 
indicates a colder climate than does the Eemian vegetation at 
the same site. (3) Considering the southern location (47? 44' N) 
of the Grand Pile, it is possible to correlate the vegetation during 
the St Germain I and II with the vegetation in North-west 
Europe during Amersfoort, Brørup and Odderade. 

To avoid any confusion which may arise if the above state- 
ments about the Eemian and Weichselian should be shown to be 
erroneous, we have defined local chronostratigraphical units, 
which we subsequently correlate with the Eemian and the 
Weichselian (Fig. 2). 


The Fjesanger Interglacial, and its 
correlation with the Eemian 


The Fjesanger locality is situated along the shore of a small fiord, 
just outside the city of Bergen, western Norway (Fig. 1). 
Preliminary descriptions of the section have already been 
given'^'5, and a detailed description will be published else- 
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Fig.2 The stratigraphy of the Fjgsanger site. The lithology of the beds is simplified and only the most important species of pollen and molluscs 
are shown. The temperature curves indicate mean air and sea temperatures for the warmest months, July and August respectively. The 


atmosphere curve is deduced from pollen data, 


the sea curve from molluscs and benthic foraminifera. 
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where. Two till horizons are located at the base of the sequence. 
Above these follows a sequence of marine sediments (beds N-E, 
Fig. 2), deposited in a fiord at depths of between 10 and 50m 
during an interglacial and the earliest part of the following 
glacial period. The sediments consist of silt, sand and gravel (Fig. 
2). However, even the coarse-grained sediments have a matrix 
of clay and silt, and both the benthic foraminifera and the pollen 
stratigraphy support an interpretation of continuous deposition 
of the clay-ailt fraction throughout the marine sequence. The 
section is capped by a till. 

We (in preparation) have defined the Fjesangerian Stage with 
a lower boundary at the base of bed N (Fig. 2) and an upper 


boundary between beds I and H. The latter is. also the lower , 


boundary for the Hordalandian Stage. 


The main criterion for the correlation of the Fjeeangerian | 


Stage with the Eemian is the pollen stratigraphy (Fig. 2), the 
most significant. features of which are: (1) the very distinct 
successional phases. (2) Early immigration of Quercus. (3) 
Development of a dense Quercus-Corylus forest, with very 
sparse occurrence: of other QM-constituents. (4) Alnus 
increased at the same level as Corylus. (5) Late immigration of 
Picea, with a peak very late in the interglacial. The only main 
feature of the Eemian which is lacking is the Carpinus phase, 
which is almost certainly due to the northerly latitude of the 
Fjeeanger locality. The vegetation during the deposition of 
gravel I, indicates a mean summer temperature slightly higher 
than at present (Fig. 2). 

At the type locality, the lower boundary for. the Eemian Stage 
is placed at a horizon when a closed forest was established". By 
comparison with the Holocene vegetational development it may 
be assumed that the spread of Betula woodland at Fjgeanger 
took place slightly later than at the type locality in the Nether- 
lands. Actually, Fjesanger was still covered by ice at the Weich- 
selian-Holocene boundary. Bearing this in mind, we have 
placed the lower boundary for the Eemian immediately after the 
deglaciation of the site, and we assume that the error in this time 
correlation should not exceed some few hundred years. 

We have correlated the Eemian-Weichselian boundary with 
the Fjesangerian-Hordalandian boundary where the NAP- 
pollen increases from ~ 5% to 30%. This clearly represents a 
complete deforestation of the area, and we assume that all tree 
pollen types above this level, except possibly some веша. аге 
redeposited. 


The molluscs and benthic foraminifera lead to very similar ri 


cohclusions, and therefore only the mollusc diagram is present- 
ed here (Fig. 2). The fauna indicates cold- polar water in the 
lower part of the Eemian (silt M, Fig. 2) and thereafter a rapid 


increase in temperature due to the appearance of the Atlantic 


Current. In beds I and J the fauna indicates warmer water than 
along the coest today, and also species not known from Nor- 
wegian waters were (for example, Parvicardium papillosum). As 
some of the mullusc specimens are only referred to bed I, and the 
benthic foraminifera indicate a shallowing during the deposition 
of the upper part of this bed, it is difficult to detect a possible fall 
in temperature during the deposition of the upper part of bed I,, 
but this must in any case have been very modest. From the 
deposition of bed I to that of bed H a drastic fall in temperature 
occurred, but the influence of the Atlantic Current is still 


detectable. In silt G, a polar fauna dominated; and during the’ 


deposition of this bed, glaciers were calving in the flord. The 
fauna in gravel F indicates that the glaciers had retreated and 
this bed is assumed to correspond to an interstadial. Silt E 
represents another glaciomarine facies, above which the till 
follows. Whether or not a hiatus exists below the till is 
impossible to determine. . 

Three features of the Fjeeanger section are of major 
importance for correlation with the Norwegian Sea stratigraphy: 
(1) an oceanic circulation pattern similar to that of the present 
was established in the lower part of the Eemian. (2) During most 
of the Bemian, coastal waters were as warm, or warmer, than at 


present. (3) A drastic cooling of the sea water occurred at the . 


Eemian-Weichselian boundary. 
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Correlation with the deep-sea record 


Kellogg"? studied cores from the Norwegian Sea. Mainly by 
means of two faunal indices (Fig. 3), he has shown that only once 
during the past 450,000 yr has the surface water of the Nor- 

wegian Sea been as warm, or warmer, than during the Holocene. 

The !*0/15O ratio has been measured in two of the cores from 
the Norwegian Sea, and one core from the Denmark Straight". 
The younger oxygen-isotope stages used in the world ocean 
stratigraphy were clearly recognised in these cores (Fig. 3). 

The dominant factor determining the surface temperature of 
the sea both in the eastern Norwegian Sea and along the coast of 
Norway is the Atlantic Current. From a theoretical point of 
view, it js clear that faunas from the Norwegian coast, and the 
surface of the eastern Norwegian Sea, can be correlated by 
means of their temperature requirements. This is in accordance 
with knowledge of the present-day zoogeography, and also with 
geological correlations of the e major change in the current 
pattern 10,000—13,000 yr ago?" 

The ‘warm pulse’ described by Kellogg can therefore be 
unambiguously correlated with the warm-water phase at Fjøs- 
anger. The warm pulse in the Norwegian Sea appears at the 
same level as the oxygen-isotope stage 5e. As the warm-water 
phase at Fjgeanger occurred within the Eemian, the Eemian 
Stage can be correlated with the oxygen-isotope stage Se. 

Concerning a more precise correlation of the boundaries, the 
6—5e boundary in the cores V 28-56 and K-11 (Fig. 3) is 
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Fig. 3 The stratigraphy of two Noreegia беа cores (Fig. 1); 
a, K-11; b V 28-56; according to Kellogg, Duplessy and 
Shackleton‘. The curves represent (from the left): Ње 1*0/!50 
- curve; the oxygen-motope stages (numbers), % right-coiling 
species (warm) of Globigerina pachyderma; and % warm-water 
foraminifera species. 
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significantly below the warm pulse. At Fjesanger there is also a 
cold fauna in the lower Eemian. We have deduced, however, a 
high sedimentation rate for this part of the stratigraphy, and thus 
a short time period. This would indicate that the lower boundary 
for the Eemian is slightly above the 6-5e boundary. 

In the cores from the Norwegian Sea (Fig. 3), the upper 
boundary of the warm pulse is very close to the 5e-5d boundary. 
At Fjgsanger the dramatic cooling of the seawater also occurred 
at the Eemian-Weichselian boundary, indicating that the 
Eemian-Weichselian boundary is nearly synchronous with the 
5e- 5d boundary. 

These correlations are also supported by sea-level data from 
the North Sea area, for which Zagwijn?* has given the best data. 
A major part of the transgression took place within the Eemian, 
indicating that the Eemian started long before the peak of the 
150/'50 curve. Around the Eemian-Weichselian boundary, 
Zagwijn’’ found a drop in sea level of 32 m, of which half took 
place within the Eemian. Compared with the '*O/!5O sea-level 
curve derived by Shackleton and Opdyke’, this suggests that the 
Eemian-Weichselian and the 5e-5d boundaries аге syn- 
chronous. 

The sea-level data are also a very stong argument, indepen- 
dent of the main theme of this paper, that the Eemian should be 
correlated with 5e, and not a larger, or other part of stage 5. 


The onset of the last glaciation 


The forests at Fjesanger during the later part of the Eemian 
indicate a climate which excluded the growth of any large 
ice-masses in Scandinavia. The drop in sea level during the 
Eemian thus indicates that the growth of ice sheets started 
earlier in North America and/or Antarctica than in Scandinavia. 

At Fjesanger the glaciomarine silt G (Fig. 2) confirms that 
glaciers approached Bergen early in the Weichselian. From the 
present day topography and climate, one can conclude that these 
first glaciers descended from mountains in the vicinity, and were 
not outlets from an inland-ice. These glaciers retreated at least 
once (bed F, Fig. 2) before Fjesanger was covered by ice. 

The vegetational succession during the upper part of the 
Eemian indicates, in our opinion, a climatic deterioration. 
However, the drastic fall in temperature at Fjgsanger occurred 
simultaneously in the sea and on land at the Eemian-Weich- 
selian boundary. There can be no doubt that the cause of the 
sudden cooling was a weakening of the flow of the Atlantic 
Current into the Norwegian Sea. If the Atlantic Current was 
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‘switched off’ the sequence described would result, whether or 
not this event was preceded by, or caused by, a climatic 
deterioration. 


The radiometric age of the Eemian 


From the '*С isotope enrichment method, the age of the early 
Weichselian interstadials has been estimated as 55,000- 
70,000 yr BP?, and the Eemian is commonly assumed to be 
slightly older. 

Another approach is correlation with tropical coral reef ter- 
races, dated with the U-series methods. Shackleton and 
Matthews^? showed that the oxygen-isotope stage 5e can be 
correlated with the Barbados III terrace, dated to 125,000 yr 
BP. Accepting the correlation of 5e with the Eemian, this age 
should also apply to the Eemian. 

There is a significant discrepancy in the results from the two 
methods. At present we find the U-series ages most probable. 

We thank Dr N. J. Shackleton and K. Bjerklund for helpful 
criticisms and Dr B. Robins for correcting the English. The 
project was supported by grants from The Royal Council for 
Scientific and Industrial Research and The Norwegian Research 
Council for Science and Humanities. 
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A fragment of HeLa cell mitochondrial DNA containing 
the origin of replication has been sequenced., The precise 
position of the origin in this sequence has been identified by 
determining the nucleotide order in the 5'-end proximal 
portion of the heavy strand initiation fragment (78 DNA), 
and by aligning the two sequences. 
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MITOCHONDRIAL DNA synthesis in animal cells has been 
shown to have very distinctive features. In mouse L cells, where 
this process has been studied in most detail, DNA replication 
starts at a site located near the 5'-end of the 128 rRNA coding 
sequences with the displacement synthesis of a daughter H- 
strand, which grows in the direction away from the rRNA genes. 
When the nascent H-strand is at least two-thirds complete, 
synthesis of the complementary L-strand DNA begins at a point 
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approximately 67% of the genome length from the H-strand 
origin, proceeding in the opposite direction, and ultimately 
replication is completed’*. The same type of asymmetrical 
replication of mit-DNA has beer observed in other animal cell 
systems such as HeLa cells, chick embryo, chick liver, rat liver, 
Xenopus cells and sea urchin oocytes’. However, the degree of 
asynchrony in the replication of the two strands varies 
considerably between different systems and also in the same 
system. Furthermore, in most г systems investigated, including rat 
liver and rat hepatoma celis*, sea urchin oocytes), Drosophila 
melanogaster? and HeLa cells (D. Carré and G. A., unpublished 
Observations), a varying, though generally small, proportion of 
mit-DNA molecules has been observed to undergo a synch- 
ronous unidirectional replication of the two strands, resulting in 
totally duplex replication forms. The significance and possible 
regulation of this variability in the degree of asynchrony 
between displacement synthesis and complement synthesis in 
mit-DNA replication are unknown. 


o 





N Heo I NA / 





Fig. 1 Physical and genetic maps of HeLa cell mit-DNA. The restriction 


endonuclease map determined with the enzyme Hpall!? has been aligned 
with the EcoRI and HindIII maps! 4 and with the map of the positions of the 
complementary sequences for the 12S and 165 rRNA on ће H-strand and 
for 4S RNAs on the Н(Ш) and L strands e^ . In the upper part, a region of 
the Hpall physical map of HeLa cell mit-DNA has been expanded to show 
the precise positions of the origin of replication (vertical arrow [marked O]) 
and of the D-loop. The rightward arrow indicates the direction of H-strand 
synthesis. H: heavy strand; L: light strand. The arrows marked Hpall 
indicate Hpall cleavage sites; the arrow marked Haelll indicates an Haelll 
site in Hpall fragment 8 (modified from D.O. and G.A. 1). 
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Fig.2 Autoradiograph of the feparated strands of 
5'-end labelled fragment АВЫ, The restriction 
fragment ABbP* was obtained by ‘cleaving purified 
Hpall fragment 8 with Haelll and electrophoresis 
of the digestion products on a 1.5% agarose gel in 
0.032M Tris, 0.02M sodium acetate, 0.002 M 
EDTA, pH 7.4, foráhat 4 Vcm ! The fragment 
was eluted by diffusion at 37°C in 0.001 M Tris- 
HCl. pH 7.4, 04 001 М EDTA. In the left track, 
fragment A8bP^* was labelled, without prior 
dephosphorylation, with [y> ?P]ATP and T4 poly- 
nucleotide kinase (PL Biochemicals} using the 
exchange reaction. In the right track, А86 was 
dephosphorylated with 4 ug of bacterial alkaline 
phosphatase (Worthington BAPF) in 100,4 of 
0.01 M Tris-HCl, pH 8.9, at 37°C for 1 h (freed of 
divalent cations by treatment with BioRad Chelex 
100)'°. The phosphatase was removed by extrac- 
tion with phenol-chioroform-isoamy! alcohol 
(50:50:1), or inactivated by the addition of nitrilo- 
triacetic acid to 0.005 M at 25 *C^9. The dephos- 
phorylated 5'-ends were "kinased, by the procedure 
described by Maxam and Gilbert'®, which included 
a heat denaturation step in the presence of 0.001 M 
spermidine. The labelled fragments were denatured 
in 0.001 M Tris-HCl, pH 7.4, 0.001 M EDTA for 5 min at 90 °С, quickly 
cooled in an ice bath and, after addition of a Ficoll-bromphenol blue 
mixture, electrophoresed on a 6% polyacrylamide (1: 30 bisacrylamide) gel 
in 0.05 M Tris-borate, pH 8.3, 0.001 M EDTA. The gel was run at 4^C 
for 15h at 6 Vem. The two separated strands were excised from the gel 
and d eluted by diffusion at 37 °С іп 0.5 M ammonium acetate, 0.1% SDS, 
107^ M EDTA. In later experiments, Hpall fragment 8 was cleaved with 
Haelll, and the products were directly kinased and subjected to strand 
separation as above. 





Equally unique to mit-DNA of most animal cells investigated 
so far is the presence, in a substantial portion of the molecules, of 
a displacement loop (D-loop) near the origin of replication. This 
loop results from the synthesis of a short segment of H-strand 
DNA which displaces the parental H-strand'. These single- 
strand segments of DNA (referred to as 75 DNA because of 
their sedimentation coefficient in sucrose gradients) have 
recently been shown to exist as discrete size classes ranging 
between 500 and 700 nucleotides deperding on the cell type. In 
mouse L cells, most of the 7S DNA mclecules have a common 
5'-end with a variability in length at the 3'-end?, whereas, in 
human cells, the variability has been reported to be at the 
5'-end? or at both ends?. In L cells there also seems to be a 
microheterogeneity at the 5'-end of zach predominant size 
class?. Recent studies have shown that the 7S DNA is unstable, 
with a half life of about 1 h in L cells’? and 2.8 h in human KB 
cells (D. Bogenhagen and D. Clayton, personal communi- 
cation). Therefore, if 7$ DNA is a primer for DNA replication, 
only a small fraction of the 7S DNA molecules can serve this 
role, as mit-DNA is known to be stable. The true function(s) of 
7S DNA is still unknown. It may reflect a need for the cell to be 
able to recognise the origin or to continuously expose the 
single-stranded parental H-strand for initiation of transcription. 
Conceivably also, the D-loop may be involved in the recently 
discovered interaction between the mitochondrial inner 
membrane and the origin of mitochondrial DNA replication! 

This article describes a sequence analysis of the region sur- 
rounding the origin of mit-DNA replication in HeLA cells. In 
these cells, by electron microscopic mapping of the D-loop with 
respect to certain restriction enzyme cutting sites, the origin of 
mit-DNA replication had been previously located in one of the 
three Hpall fragments, 8, 10 or 17 (ref. 12). More recently, by 
using 7S DNA as a template for fragment-primed DNA 
synthesis by Escherichia coli DN A polymerase Í and by carrying 
out a polyacrylamide gel electrophoretic analysis of the in vitro 
products after restriction enzyme cleavage, it has been possible 
to localise the position of the 5'-end of the 7S DNA in Hpall 
fragment 8, at about 80 nucleotides from the HpaII cutting site 
between fragments 8 and 17 (ref. 13). It has been further shown 
that Hpall fragment 8 can be subcleaved by Haelll into two 
smaller fragments designated as A8a"^* (—560 base pairs) and 
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A8b"** (—200 base pairs), and that the origin is contained in 
АВЫН (ref. 13). This information, summarised in Fig. 1, has 
thus provided the foundation for the sequencing work described 
here. 


Sequence analysis of the 
region of mit-DNA . 
containing the origin of replication 


The approach followed here to sequence the region of mit-DNA 
around the origin of replication involved isolating the restriction 
fragment A8b™, labelling the 5'-ends with Ly- P]ATP and T4 
polynucleotide kinase, separating the strands and sequencing 
both strands by the technique of Maxam and Gilbert'^. As the 
fragment А86" was known to be around 200 nucleotides long, 
we hoped that by ordering more than 100 nucleotides from each 
end, we could sequence the entire fragment with a substantial 
sequence overlap. Fragment ABbP** was isolated by gel elec- 
trophoresis, eluted and subjected to two kinds of kinase reac- 
tions: (1) the exchange reaction'"!*, which does not require 
prior dephosphorylation of the 5'-terminus of the DNA, and (2) 
removal of the 5'-phosphate with bacterial alkaline phosphatase 
andthen treatment with polynucleotide kinase!5, Figure 2 shows 
the results of the kinase reactions on strand separation on a 
polyacrylamide gel. Significantly, in the DNA labelled by the 
exchange reaction, the faster migrating band contained only 
1596 as much radioactivity as the slower moving band, whereas 
DNA labelled after dephosphorylation revealed a faster 
migrating band labelled to the extent of about 6596 of the slower 
band. As the incorporation into the slower migrating band was 
similar in the material labelled by the two procedures, in the 
present work, the DNA was routinely dephosphorylated before 
treatment with polynucleotide kinase. 

After elution of the material in the two labelled DNA bands, 
aliquots of each sample were hybridised to an excess of either 
the heavy or the light strand of HeLa cell mit-DNA, incubated 
with S, nuclease, and the acid precipitability measured. The 
DNA from the faster migrating band hybridised to the extent of 
about 56% of the input c.p.m. to the H-strand and of 2% to the 
L-strand, whereas about 4296 of the input c.p.m. in the material 
from the slower migrating band hybridised to the L-strand and 
0.6% to the H-strand. The lack of complete hybridisation to 
mit-DNA of the two separated A8b strands is presumably due to 
the occurrence of some breaking at the ends of the hybrids, with 
the S, nuclease cleaving off a portion (40-50%) of the 5'- 
labelled nucleotides. On the basis of these data, we have desig- 
nated the faster migrating DNA strand, A8b*(H), and. the 
slower migrating DNA strand, A8b™ (L). It is not clear why the 
dephosphorylated and kinased A8bP**(H) contained a lower 
amount of radioactivity than A8b™*(L) (varying, in different 
experiments between 75% and 31%). This difference is prob- 
ably due to incomplete dephosphorylation, or to renaturation 
and subsequent lower incorporation during kinase treatment at 
the flush end created by the НаеШ enzyme relative to the 
staggered 5'-end produced by Hpall, or to some other feature, 
such as secondary structure. i 

Sequence analysis of the labelled DNA strands was carried 
out by the Maxam and Gilbert procedure”, ‘using the G> A, 
A>C, C+T and C reactions. The sequence of nucleotides 2'to 
25 was determined by fractionating the cleavage products on a 
25% polyacrylamide-7 M urea gel; nucleotides 26 to 148 for 
ABbP* (L) and nucleotides 25 to 123 for A8b™*(H) were 
identified by fractionating the reaction products on 10% poly- 
acrylamide-7 M urea gels (Fig. 3). The total length of the 
fragment was found to be 221 nucleotides, and.thus it was 
possible to obtain an approximately 50 nucleotide overlap. 

To complete the sequence, the end-labelled separated strands 
were digested exhaustively with endonuclease P,, which 
generates 5'-mononucleotides”’, and the products were 
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Tablel 5'-terminal nucleotide analyses of ASb™(L), A8b Н“ (Н) and 7$ DNA 








% of total P c. p.m.* 





dAMP dCMP dGMP dTMP AMP CMP GMP UMP 


АВЫН т у 015 986 0.61 0.68 
АЗЫН (Н) 043 918 52 26 
7$DNA ` 
After nolation ‘ А 
Expt 1 06 10 33 942 01 ND ND ND 
Expt 2 10 14 44 931 ND ND ND ND 
In situ 2 5 3 89 ND 1 1 ND 


5'-end-labelled ASbP (L) and: ASb”**(H) were dissolved in 15 Ш 50 mM 
ammonium acetate, pH 5 4, Qigosted with 1 ца P, cndonuciease trom Penicil- 
Hum сиппит foc 1h at 37 . After addition of 10 nmol each of 5'-dAMP, 
dCMP, dGMP and dTMP, the mrture was applied to a PEI cellulose thin layer 
strip. After washing tbe strip in methanol, one-dimensional thin layer chromato- 
graphy was carried out 1M acetic acid for 2cm and then 1 М acetic 
acxi-3 M LICU(9: 1) for 16 . TS DNA, with 15 ug of yeast tRNA carner, was 
dissolved in 15 ш 50 mM ammonium acetate, pH 5.4. The mixture was digested 
with 2.5 ug of P, at 37 °C for 3 h. After addrtion of marker 5'-dNMPs, the digest 


methanol, and then run m & 

second dimension for 16 cm 6 g Na2B4O7 10H40,3gH34BO.s and 25 ml 

ethylene glycol in 70 ml . All thin layer plates were examined by 

scasitive enough to detect 1% of the input radioactivity (3 d p.m 

ш а íÍ-mm" arde), and then the marker spots were vrsualised with a short-wave 

UV lamp and the spots cut out They were eluted quan with 1ml of 

0 02 M Tris-HCl, pH 7.4, 0 7 M MgCl, and counted in 10 ml of a Tritoo-rylene 
besed scinullation fud. ND, not detectable. 

* The values refer to the radioactrvity which migrated from the origin The % of 


the mput radioactrvity from the origin was, respectively, 0.5 and 4.9% 
for АВЪ #401) and A8b "^ (H), not detectable and 12% for isolated 78 DNA 


(experiments 1 and 2, respectreely) and 2.0% for the гм situ labelled 75 DNA 


separated by one-dimensional chromatography on thin layer 
polyethylenimine strips. The results shown in Table 1 indicate 
that the 5'-terminal nucleotide of both the H and L strands is 
dCMEP, as expected for the Hpall and Haelli cutting sites. The 
complete sequence of the fragment A8b™ is shown in Fig. 4. 


Isolation and characterisation of 75 DNA 

To precisely localise the origin of mitochondrial DNA repli- 
cation in the ABbP** fragment, the approach followed was to 
sequence the 5'-end portion of the 78 DNA and to align this 
sequence with that of A8b™ . Previous reports of 75 DNA size 
heterogeneity in human, mouse and other animal cells and also 
of an apparent 7S DNA 5'-end microheterogeneity in mouse L 
cells required that HeLa cell 75 DNA be first characterised in its 
size and 5'-termini. 

Isolation of 7S DNA was carried out by the procedure of 
Kasamatsu et al.’, in which the 7S DNA molecules are released 
from closed circular mit-DNA by brief heat treatment and then 
separated by sucrose gradient centrifugation. The material in 
the 7S DNA peak was further purified from RNA contaminants 
by RNase digestion or nitrocellulose chromatography”, and 
then isolated by polyacrylamide or agarose gel electrophoresis 
in denaturing conditions. 

Figure 5 illustrates the purification procedures used. Slot 2 
shows the pattern obtained by electrophoresing through a 496 
polyacrylamide-7M urea gel a sample of sucrose ient- 
isolated 75 DNA labelled in vitro at the 5'-end with [ y- P]ATP 
and T4 polynucleotide kinase. À prominent band (indicated as 
1) is seen migrating at a position corresponding to a length of 
about 680 nucleotides (estimated by comparison with marker 
HeLa cell НраП fragments). A fainter band (indicated as 2), 
corresponding to a size of about 630 nucleotides, can also be 
seen. The further purification achieved by nitrocellulose 
chromgtography is shown in slot 3, where the discrete and 
hete: neous components visible in the lower part of the gel 
and presusnably arising from RNA contaminants have been 
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Fig.3 Representative autoradiographs of sequencing gels of ABbP^* (L) (а-к) and A8bP^*(H) (h-m). The DNA strands, labelled at the 5'-end with { у P]ATP and 

polynucleotide kinase after alkaline phosphatase treatment (see text), were sequenced using the chemical methods of Maxam and Gilbert. The sequence reactions 

used and the times of reaction for the base modification step were G> A (10 min), A>C (10 min), G+T (15 min) and C (15 min). The degradation products were 

electrophoresed at 1,000 V for a, 15.5; b, 13; m, 12; c,1, 8.5; d,k, 7.25, f~i, 7 and e,j, 4 h on either 10% polyacrylamide (1:20 bisacrylamide)-7 M urea gels (a~e, jon) 

or 25% polyacrylamide (1:30 bisacrylamide)-7 M urea gels (7-0) (40x 30x0.15 cm) in 0.05 M Tris-borate, pH 8.3, 0.001 M EDTA, that had been pre- 

electrophoresed for 2 and 3 h, respectively, at 900 V. The gels were wrapped with Saran wrap and exposed at —70 °C using pre-fogged Kodak X-Omat XR-5 film with 
a DuPont Cronex Lightning-Plus intensifying screen. 
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5 CCAGAAGCGGGGGGAGGGGGGGGGTTTGGTGSGAAATTTTTT 
3 SGTCTTCSCCCCCCTCCCCCCCCCAAACCACCTTTAAARAA 
220 210 200 · 190 181 


STTATGATGTCTGTGTGGAAAGCGGCTGTGCGACATTCAATTGTTATTATTATGTCCTAC 


150 
О 


| 


5' TGTTCGCCTGTAATATTGAACGTAGCG-- 75 DNA 


DAATACTACAGACACACCTTTCGCCGACACGCTGTAAGTTAACAATAATAATACAGGATG 
8 170 160 150 140 130 


121 


Fig. 4 Nucleotide sequence 

of the fragment А8Ъ and 

of the 5'-terminal segment of 
78 DNA. 


AARGCATTAATTAATTAACACACTTTAGTAAGTATGTTCGCCTGTAATATTGAACGTAGOT 
TTCGTAATTAATTAATTGTGTGAAATCATTCATACAAGCGGACATTATAACTTCCATCCA 
120 110 100 90 09 70 61 


& 
I 


eliminated. Slot 4 shows the electrophoretic pattern obtained 
with 75 DNA prepared, using the isolation procedure described 
above, from cells labelled in vivo with ?P-orthophosphate. The 
pattern observed is very similar to that of the in vitro labelled 
material. Here, in addition to the two above mentioned bands, 
there is also a third faint band migrating at a position cor- 
responding to a size of about 590 nucleotides. These obser- 
vations on in vivo labelled material indicate that the appearance 
of the minor 7$ DNA components is not due to artefacts intro- 
duced by the in vitro labelling conditions. 

Comparison of the electrophoretic patterns of sucrose 
gradient-purified 75 DNA with those published by Brown etal? 
and Gillum and Clayton? suggests that the major and the minor 
bands observed here correspond to the three major forms of 
7S DNA detected by these authors in several human cell types. 
However, the relative intensities of the bands observed by the 
cited authors and those shown here are strikingly different. 
Instead of three components in approximately equal amounts, 


our material shows a preponderance of the largest, 680 nucleo- ` 


tide long, component. To exclude the possibility that this 
difference resulted from losses or degradation occurring during 
purification of the 7S DNA, the in situ labelling technique used 
by Gillum and Clayton? was followed. In this procedure, the 
7S DNA is labelled without prior separation from closed 
circular mit-DNA. In Fig. 5, slot 5, where the results of this 
experiment are presented, the electrophoretic pattern 
seen is very similar to that of the in vitro labelled samples 
with the 680 nucleotide long component again being 
strongly predominant. Densitometric analysis of these 
autoradiograms indicate that this component represents 
70-80% of the total 7S DNA in preparations labelled 
in situ, and more than 95% in preparations labelled after sucrose 


gradient isolation, assuming equal efficiency of in vitro labelling: 


of the various components. 

The fact that the relative intensities of the bands produced by 
the two labelling methods were comparable did not rule out the 
possibility that the difference in mobility between the 75 DNA 
components might be due to some factor other than hetero- 
geneity in length. However, treatment with RNase (Fig. 5, slot 4) 
or pronase (in the presence of SDS) before electrophoresis failed 
to alter the observed number, relative abundance, or elec- 
trophoretic mobility of these components, thereby excluding 
any possible role of a covalently linked RNA primer or of 
DNA-associated protein in generating this phenomenon. In 


addition, when the in situ labelled component 2 and the in vitro · 


labelled component 1 were isolated from the urea gel, heat 
denatured and re-run through a second urea gel in the same 
conditions (Fig. 5, slots 6 and 7, respectively), or through an 
agarose~CH;HgOH gel” (not shown), they maintained the 
same relative electrophoretic mobility. The above results 


ÁTAAATAATAGGATGAGGCAGGAATCAAAGACAGATACTGCGACATAGGGTGCTC 3 
TATTTATTATCCTACTCCGTCCTTAGTTTCTGTCTATGACGCTGTATCZCACGSASGC 5' 
50 40 30 20 10 1 


Н strand 
L strand 


support the conclusion that the multiple bands arise from dis- 
crete length differences. 

To investigate the possibility of 5'-end microheterogeneity 
(which would not have been detected by the above elec- 
trophoretic analysis), sucrose-gradient-isolated 7S DNA was 
labelled at the 5'-end with [у-°°Р]АТР and T4 polynucleotide 
kinase and subjected to digestion with the Hpall restriction 
enzyme. (Hpall is known to cleave single-stranded DNA", and 


„previous experiments in this laboratory had indicated that the 


Hpall site present in the single stranded portion of the D-loop 
(which is equivalent in sequences to the 7S DNA) is cut at a low 
frequency in standard digestion conditions"".) The digest was 
analysed on a 7.5% polyacrylamide-7M urea gel; the results 
obtained (not shown) indicated that a small percentage of the 
7S DNA molecules had been cut at a position corresponding to a 
distance of —86 nucleotides from the labelled 5'-end (as esti- 
mated from the migration of the small fragment thus produced 
relative to that of denatured ®X174 RF DNA Haelll frag- 
ments)". As the resolving power of the gel electrophoresis used 
would have shown a difference of 1 or 2 bases in length, the 
above results indicate that the 5'-end of the main 7S DNA 
component occurs at a unique position within the mitochondrial 
genome. To obtain further evidence on this question, a 5'-end 
base analysis was carried out. 7S DNA was dephosphorylated at 
the 5'-end by alkaline phosphatase either in situ or in vitro after 
sucrose gradient isolation, labelled with [ y-?P]ATP and poly- 
nucleotide kinase, purified by nitrocellulose chromatography 
and electrophoresed through a 4% acrylamide-7M urea gel. 
The main component was eluted from the gel and subjected to 
digestion with endonuclease P,. The products were analysed by 
two-dimensional chromatography on polyethylenimine thin 
layer plates, and the results are given in Table 1. In the in vitro 
labelled sample, more than 9096 of the counts recovered are 
represented by dTMP, confirming the conclusion that the 5'-end 
of the predominant HeLa cell 75 DNA component is unique. 
Furthermore, no radioactivity, or only traces of radioactivity, 
were detected in ribonucleotides. The results obtained for the in 
situ labelled sample are very similar, although a slightly larger 
proportion of radioactivity seems to be associated with deoxy- 
ribonucleotides other than dTMP; this may reflect the lower 
degree of purification of in situ labelled 7S DNA due to the 


: omission of the sucrose gradient purification step. 


Sequence analysis of 75 DNA 


The main 7S DNA component was subjected to alkaline phos- 
phatase treatment and the kinase reaction either in situ or after 
sucrose gradient purification, passed through a nitrocellulose 
column and then run on a polyacrylamide-urea gel. After 
elution of the 7S DNA from the gel, it was submitted to the 
Maxam-Gilbert sequencing reactions. 
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Figure 6 shows a sequencing gel of 5'-end labelled, sucrose 
gradient-purified 7S DNA. A sequence of around 25 nucleo- 
tides could be determined unambiguously. This sequence is 
identical to the portion of the sequence of A8b”* (H) from 
residue 87 to residue 63. This alignment allowed the positioning 
of the 5’-end of 7S DNA to correspond with residue 87 of 
A8b"**, Sequencing experiments using in situ labelled 75 DNA 
gave identical results? 


Discussion 


In the experiments reported here, we have precisely located the 
origin of HeLa cell mit-DNA synthesis in the Hpall map of this 
DNA and examined the sequence surrounding it. The location 
of the 5'-end of the 7S DNA, determined by sequence analysis 
to be at 87 nucleotides from the Hpall cutting site between 
fragments 8 and 17, is in excellent agreement with the 7S DNA 
priming experiments that indicated the origin to be at approxi- 
mately 80 nucleotides from the Hpall site, and with the 
experiments in which 5'-end labelled 7S DNA was cut with 
Hpall giving a labelled DNA fragment about 86 nucleotides 
long. The size of A8b"^ is 221 nucleotide pairs, which is about 
10% longer than the value that was earlier derived from its 
electrophoretic mobility in agarose gels relative to that of Hpall 
fragments. 

There are several interesting features of the A8b"^* sequence 
(Fig. 4), although their significance is unclear. Beginning at 
nucleotide 215 and proceeding clockwise (the clockwise direc- 
tion is here defined as the direction of H-strand synthesis), there 
is a stretch of 17 G-C base pairs in a row with an A-T pair 
interruption at position 207. Furthermore, there is a strong 
purine bias on the H-strand. Nearby, from position 189 to 181, 
there is a stretch of 9 A-T base pairs in succession. There is 
another A-T base pair stretch running from position 137 to 128, 
and, contained within it, an 8 nucleotide true palindrome from 


iv7 


Fig. 5 Autoradiographs, after electrophoresis through 4% poly- 
acrylamide-7 M urea gels, of HeLa cell 7S DNA labelled in vitro or in vivo 
and purified in different ways. All samples, in 0.001 M Tris-HCl, pH 7.4, 
0.001 M EDTA, were adjusted to 6 M urea, heated at 100 ^C for 1 min and 
loaded on a 4% polyacrylamide (1:30 bisacry; iamide)-7 M urea slab gel. 

Electrophoresis was carried out at 5 V cm ‘for Sh. Slot 1: Hpall digest of 
HeLa cell mit-DNA labelled in vitro with [a-**P]4NTP and E. coli DNA 
polymerase 1*2, Slots 2 and 3: 78 DNA was re leased from mit-DNA by brief 
heating, isolated by sucrose gradient centrifugation , and labelled in vitro at 
the 5'-end as follows: A sample of ~0.2 pmol of 78 DNA (estimated by 
assuming a proportion of about 10% D-loop containing molecules in HeLa 
cell mit-DNA preparations”, and a complete recovery of the isolated 
7S DNA) was dephosphorylated and 5'-end labelled as described in Fig. 2 
legend. After ethanol precipitation, the pellet was dissolved in 0.001 M 
Tris-HCl, pH 7.4, 0.001 M EDTA. A portion cf the sample was analysed 
directly (slot 2) and a portion was further purified by nitrocellulose (NC) 
chromatography. For this the sample (50 pl) was adjusted to 0.5 M KCI and 
passed through a 1.5 x 0.3 cm nitrocellulose column (Hercules, prepared as 
described by Boezi and Armstrong”*) equilibrated with 0.5 M KCI, 0.01 M 
Tris-HCl, pH 7.4. The column was washed with equilibration buffer to 
remove all the unbound radioactivity, then eluted with 0.001 M Tris- HG, 

pH 7.4, 0.001 M EDTA (slot 3). Slor 4; ISDNA from 1.5x 10 cells 
labelled in vivo with ??P- orthophosphate! 2 was wsolated by sucrose gradient 
centrifugation and run on gel after treatment with pancreatic RNase 
(40 pg ml , 10 min at 25 °С). Slot 5: 7S DNA labelled in situ following the 
procedure of Gillum and Clayton: a sample of 10 pg mit-DNA in 100 yl 
0.01 M Tris-HCl, pH 8.5, 0.01 M NaCl, was incubated with 0.05 pg calf 
intestine alkaline phosphatase (Boehringer Manaheim) for 1 hat 57 °С, and 
then labelled with [52 ?PJATP and T4 poiynucleotide kinase. Slots 
6and 7:78 DNA components 2 and 1, which hac been labelled at the 5'-end 
in situ or after sucrose gradient isolation, respectively, then purified by 
nitrocellulose chromatography, and run through a 4% polvacrylamide-7 M 

urea gel, were eluted and rerun in the same conditions. 


position 137 to 130. Closer to the origin is a 13 A-T base pair 

stretch which contains two true palindromes (113-104 and 

116-105) and a sequence with a twofold axis of symmetry 

(115-104). Repeated sequences are relatively rare; the 
STTGTTAT 3 


3  AACAATA 5' at nucleotices 140-134 is repeated 


5 GTGGAAA 3 7 
a CACCTTTA" 
found at nucleotides 166-160 and at 193-187. The sequence 


sequence 


at positions 182-176, and the sequence 


BADE CET C 


ee 


Fig.6 Representative autoradiograph of 78 DNA 
sequencing gel. Sucrose gradient isolated 75 DNA 
was dephosphorylated and 4'-end labelled, as 
detailed in Fig. 2 legenc, purified by nitrocellulose 
chromatography and then run through a 4% poly- 
acrylamide-7 M urea gei. The main component (1) 
was eluted and subjected to the sequencing reac- 
tions G> A, AC, C+T and С, Due to the low 
amount of radioactivity in the 75 DNA prepara- 
tions, the base modification reactions were carried 
out for a time 10 times longer than used for the 
ABbH^* strands (legend to Fig. 3). This extended 
reaction time resulted in a decreased mobility of the 
products in the А >С reaction. The cleavage 
products were electrophoresed on a 25% poly- 
acrylamide-7 M urea gel for 5.3 h. 
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secondary structure of the repon of fragment Ago 
жтшоюкй tha orn of торсана. The arrow (O) pouts to tko nucleotide 
m the L-strand which is complementary to the 5’-end nucleotide of 78 DNA. 
The AG valnes of the L-strand and of the H-strand portions of the structure 


Fig. 7 Ромео 


incfuded a G-C pair, in order to correct for the greater stability of the rG-rC 

pair es compared to dG-dC™* In view of the many assumptions underlying 

these calculations, the AG values reported in the text have to be considered 
only as rough Indicators of stability. 


5' ATG?’ С І 
Ев * often found to be associated with promoter 


sites”, is located at nucleotides 178 to 172 and might possibly be 
associated with an L-strand promoter site. 

The origin itself is preceded, going in a clockwise direction, by 
a 29-nucleotide long A-T rich region that extends 3 nucleotides 
past the origin, is followed by a 6-nucleotide G-C rich region and 


then by a 10-nucleotide long A:T rich region. А-Т rich . 
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sequences have previously been noted near other origins of 
DNA replications; however, we do not detect any sequence 
characteristics in common with the other origins of replication 
and primer RNA-DNA junctions that have been accurately 
localised (CoIE1'? RNA-DNA junction, X174 viral strand 
origin”, £D* and G4 complementary strand? origins) nor with 
the L-cell 78 DNA sequence’. 

Computer analysis of the sequence data indicates a 
theoretically stable hairpin structure that could form when the 
DNA double helix is unwound, as occurs during DNA synthesis. 
As shown in Fig. 7, this looped structure contains the origin of 
H-strand replication and an interior A-T rich loop, 12 nucleo- 
tides long. As calculated using the rules of Tinoco et 212° and 
Gralla and Crothers’’, the AG of the L-strand hairpin structure 
is approximately —13 kcal mol” and that of the H-strand hair- 
pin is approximately —5 kcal mol !, with the difference being 
due to two A-C pair mismatches in the H-strand stem. Although 
this secondary structure is probably thermodynamically stable at 
25 °C in a moderate ionic strength buffer at neutral pH, it is not 
known whether it is ever formed in vivo. However, the presence 
of the origin in the hairpin at only two nucleotides from the A-T 
rich interior loop is suggestive of a functional role for this 
structure. Secondary structure loops have been strongly impli- 
cated in the initiation of phage fD”? and G4? complementary 
strand synthesis, and may be involved in the initiation and 
regulation of DNA replication in the mimmalan papovaviruses 
SV40?*? and BKV®., 

We have not detected any Боковая covalently attached 
to the 5'-end of the 75 DNA that might represent ап RNA 
primer or residues of it. Clayton et al.* have presented evidence 
for the presence of an RNA primer in mouse L cell 75 DNA. 
The reason for this difference is unknown. In HeLa cell 
7S DNA, we have also observed a greater homogeneity in size 
than previously reported in 7S DNA from other human cell 
types and other organisms. Nor have we detected the 5'-end 
microheterogeneity described in these systems. Our sequence 
analysis has not revealed any repetition of sequence or other 
structural features that might point to the existence of multiple 
initiation points, thereby explaining the existence of the multiple 
size classes. Instead, we think that the discrete size classes and 
the relative amounts of 7$ DNA contained in each of them, the 
S'-end microheterogeneity and the presence of RNA primer 
residues may reflect various rates or pathways of 75 DNA 
processing which could be dependent on cell type and/or phy- 
siological conditions. 

This work was supported by NIH grants GM-11726 and 
ST32GM-07616. We thank A. Chomyn for the computer 
analysis of the DNA sequence, A. Maxam and W. Gilbért for 
advice on sequence determination, N. Davidson for valuable 
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Upper limits for y-ray 
bursts from primordial black holes 


PAGE AND HAWKING’ have predicted that primordial black 
holes of mass ~107*g will evaporate, reaching an explosive 
stage at a mass which depends on the nuclear processes occur- 
ring. For the composite particle model 10™ erg of y rays will be 
produced at energies of 100—1,000 Mev. For the elementary 
particle model te y rays of energy 5x 10" eV are expected. 
We have already set upper limits for the rate of primordial 
black hole explosions in the Galaxy assuming the composite 
particle model. We report here upper limits from two other sets 
of data, assuming the elementary particle model and using the 
atmospheric Cerenkov technique as before. 

In the first data set the Mt Hopkins 10-m reflector* was used 
with a field of view of 1°. Approximately 112 h of observation 
were analysed. As the detector has an energy threshold of 
107! eV it will respond to 5x 10’? eV primaries over a large area. 
Events were recorded on analogue magnetic tapes together with 
a standard frequency and time markers. They were analysed by 
reconstituting the standard frequency with a phase-locked loop, 
and after scaling, deriving a 0.1 s clock signal. The number of 
events recorded in each successive 0.1 s interval was determined 
with a mini-computer and a distribution derived. The charac- 
teristic signature of a y-ray burst would be a group of individual 
showers occurring together within 0.1s. 

At five points in the data bursts were observed which were 
incompatible with random Poisson expectation. Four of these 
were very large and had durations of 2-11 s. They were probably 
local in character and due to man-made interference. The fifth 
event was just above the burst threshold (12 showers) and lasted 
0.1 s. Without a distant coincident detector this event could not 
be ascribed to a cosmic origin. We therefore derived an upper 
limit at the 9996 confidence level of 6.1 events in 112 h, or 477 
events yr’. 

The collection area of showers of 5 x 10? eV was estimated at 
5x 10? cm? and the solid angle was taken conservatively at the 
geometric value of 2.4 x 10™ sr. Twelve showers were required 
for a detectable burst, corresponding to 96 erg and giving a 
sensitivity of 1.9 x 10 erg cm™. The maximum detectable dis- 
tance г is then given by 4772 = =8x 10/1, 9x10 cm?, hence 
г=5.7х10'* cm=1.9 pc. The sensitive volume V= -ür/3- 
5.5х107* pc). The upper limit for the explosion rate is then 
8.7 x 105 explosions pc? yr! 

In the second data set’ two 1.5-m reflectors were used in 
coincidence aligned parallel to each other at Varying zenith 
angles. The full field of view was 5°; 78 h of observation were 
obtained. The normal counting rate was about 300 showers 
min ! at the zenith. The energy threshold for the system was 
3x10" eV and the collection area for 5X10 eV y-rays esti- 
mated at 3х 10° cm^. Events were recorded on analogue 
magnetic tape as before. 

No groups of events were recorded beyond Poisson expec- 
tation. Seven events would be required for a statistically detect- 
able burst, corresponding at 5X 10" eV to 56 erg and giving a 
senaitivity of 1.8x 10 * erg cm ?, The maximum detectable dis- 
tance r is then given by 4n7r7=8x10°°/1.8x 10 cm? hence 
ге 5.9х10'* сш =2.0 pc. The sensitive volume У = 02/3 = 
1.6x10? pc). The upper limit at the 99% confidence level 
for zero bursts observed is 4.3 bursts in 78h or 483 yr ?. 
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The upper limit for the explosion rate is then 3.0x10* 
explosions pc ? yr !. 

Using particle detectors at sea level with a higher energy 
threshold, which required some assumptions about the primor- 
dial black hole emission spectrum, Fegan et а1.5 have found 
lower limits than those reported here. A further improvement in 
the Cerenkov method would require the use of one or more 
detectors with considerably larger collection area, and if possi- 
ble, a wider field of view. A limit of about 1 explosion pc ? yr ! is 
set irrespective of the nuclear model assumed, by observations 
of the isotropic y-ray spectrum’. While the limit set with the 
Cerenkov technique assuming the composite particle model is 
only 4x 107? explosions pc ? уг! (ref. 3), it seems likely that 
Cerenkov, particle, or satellite y-ray detectors will probably not 
produce limits lower than about 10° explosions pc ° yr ! when 
the elementary particie model is assumed. 
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O PRÉ 
A non-singular quantum Universe 


CLASSICAL relativistic singularities remain one of the most 
puzzling problems of contemporary physics. Although no 
consensus of opinion has been attained on their status, a great 
deal of work has been devoted to the search for physical 
mechanisms capable of eliminating the cosmological singulari- 
ties, whose existence follows from the theorems of Hawking and 
Penrose'?. The alternative view that the initial singularity of 
big-bang models is essential for the coming into being of the 
Universe, has also been advocated"^. Some suggestions of 
cosmological singularity avoidance have recently come to light, 
in the ‘classical’ quantum regime (from 10-10"? s) (refs 5—8) 
or even without resorting to quantum effects”. The quantum 
gravitational period (t < 10 в) remains potentially very inter- 
esting for searching for singularity avoidance mechanisms. An 
interesting approach is that of quantum cosmology, based on p 
hamiltonian formulation of ,Beneral relativity (Dirac's!? 
Arnowitt, Deser and Misner's! (ADM) method). This ipprósch 
was initiated by De Witt’? and then followed by Misner’? and 
many others (see refs 14,15) and is used here to derive a 
non-singular quantum cosmological model. 
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Much of the work done in quantum cosmology has been 
concerned with empty models. De Witt"^, however, in his parti- 
cles treatment of a closed Friedmann Robertson-Walker (FRW) 
Universe, introduced a cloud of dust particles to support this 
metric. The initial singularity is avoided artificially in this model 
by postulating the existence of an infinitely steep wall at К = 0, 
(R is the ‘radius’ of FRW Universe) to exclude negative values 
of R. This choice forces the quantum wave function of the 
Universe to be zero at R= 0. 

Misner's? pioneering work about quantum vacuum homo- 
geneous models (Bianchi I and IX Universes), based on the 
ADM formalism, shows that the quantum gravitational fluctua- 
tions offer these models no escape from the classical singularity. 
The same conclusion seems to be true for the Bianchi Universes 
filled with a perfect gas with an equation of state of the type 
р = (ү—1)р (p and p denote respectively the pressure and total 
density of matter and y is a constant between 1 and 2) if the 
matter is described by Ryan's '* lagrangian which introduces no 
additional dynamical degree of freedom for the perfect gas. 
(Units are chosen so that c = 1, G = 1 and A/27 = 1.) 

On the other hand, Schutz'*"" has built a hamiltonian theory 
of the relativistic perfect fluid, based on the velocity-potential 
version of perfect-fluid hydrodynamics of Seliger and 
Whitham'*. Schutz's canonical formalism introduces as 
dynamical degrees of freedom for the fluid the velocity poten- 
tials. 

Lund? has used Schutz's formalism to study the effects of 
quantum gravitational fluctuations on the final issue of collapse 
of balls of dust (р = 0) and on the singularity of a closed 
dust-filled FRW Universe. He has taken the time variable from 
the matter variables, while Ryan's" time coordinate was 
Misner's'? gravitational degree of freedom О. Ryan's method 
leads to a Klein-Gordon type equation for the wave function of 
the Universe, with its well known difficulties of interpretation 
while Lund's choice of time leads, in the cases he has considered, 
to a Schródinger-like equation amenable to a probability inter- 
pretation (see ref. 20). By imposing the requirement that the 
corresponding mini-superspace^" be geodesically complete, 
Lund concludes that, in this formalism, there is no inevitable 
singularity. 

However, this Schródinger equation, in the case of the closed 
FRW model, cannot be analytically solved and there is no 
guarantee that the wave function becomes zero for R = 0, which 
would be the case if it were impossible to find the Universe in the 
singular state. (For another possible definition of the absence of 
singularity in a quantum cosmological model, see ref. 23). 

Thus, as far as we know, there has been no convincing 
evidence in the framework of quantum cosmology that the 
classical singularity could be avoided, under the influence of 
quantum gravitational fluctuations?" 

We give here an example of a non-singular quantum 
cosmological model, the ‘dust-filled’ Bianchi I Universe, “а 
behavioural paradigm for all anisotropic cosmological 
models, quantised following the ADM method and with 
Lund’s choice of time coordinate. The advantage of this model is 
that it can be analytically solved. As regards the hypothesis of a 
null pressure, it corresponds to the soft equation of state resul- 
ting from the Hagedorn”* composite particle picture and it can 
also represent a cold, low-entropy early Universe filled with 
non-interacting baryons’’”*. 

We use for the flat three-space theory of the Bianchi I 
Universe, Misner's? form: 


d? = Rj e™ {exp [2(8..- 3^8. )dx') 
*exp[2(8. -3'78.))dx^* 
+exp[—4B,](dx’)} (1) 


R, is a constant and д, B. and B. are functions only of a time 
coordinate to be determined; и, B+ and £- will be considered as 
the dynamical degrees of freedom. 

We choose for the canonically conjugate moments to the gi; 
that is 7”, the following expressions 
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1 T, 
dedo 1/2 Tu 
T [zr s] 
x Ry? e?" exp[-2(8. - 378.)] (2a) 


1 i т 
22. діл 2 
T lt. 3 n+" 


x Ro? e™ exp[ -2(8. -3"”B..)] (2b) 
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where 7, m, and т. are the momenta conjugate to џи, В. and 
B_, respectively. The action for the gravitational field and the 
matter (dust) can then be written as 


S= т | [т„й +т.Й,+т-б-+р°ф - NGC + 9б) 
можу + Hh) di (3) 


апа X$, are respectively the super-hamiltonian constraints 


for the vacuum”? and for dust’? 
Rye 3x4 
ari -—- Ute) (4a) 
м = 16ng ^N" UY po —N(u?)p? (4b) 


where ó is the only Seliger- Whitham velocity potential different 
from zero in this case; it is related to the four-velocity vector u, 
by 


m 
u,-h ai (5) 
where A is the specific enthalpy of the fluid: 
+ 
p EL (6) 


Po 


po denoting the rest-mass density; p^ is the momentum 


canonically conjugate to ф and N and №, respectively, the 
ADM lapse and shift functions; g denotes the determinant of the 
covariant spatial metric tensor and the overdots, in equation (3), 
the derivation with respect to the time variable, t. 

Due to the homogeneity property of the t = constant surfaces 
of Bianchi-type universes, the supermomentum constraints: 
Ж, + Жм = 0 are automatically satisfied. 

Lund's method consists in choosing as time variable, the 
velocity potential ф: 


T()- –ф(0) (7) 


and imposing, in the framework of the ADM method, the 
coordinate condition: 


t=T=-¢ (8) 


Then, solving the constraint: XY + #0 = 0 for p*, we get for 
equation (3) 


S= т | [л„й + т.б, + r$- Had dt (9) 
where the ADM hamiltonian, Hapm is given by 
Ф К; er D o2 2 2" 
Hapm= р == ate —m.] (10) 


To quantise this model, we have to be careful: the usual choice of 
operators'* corresponding to the classical conjugate momenta, 
for instance 7, = (1/1) (д/ди) is not appropriate here, as it 
would lead to a non-self-adjoint hamiltonian operator. 
However, if we introduce the canonical transformation 


X = 4(3)'? e? 


а=) em, (11) 
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the following hamiltonian operator ; 
P агре г | 
Bon = RSs Se L3 (9) 


is self- -adjoint with respect to the following inner product of 
wave functions of the Universe 


@Ф)= (f Ф", Bi, B.V Bs, B.) dx ав, ав. (13) 
The Schródinger equation to be solved for the wave function of 
the Bianchi I'Universe is then 
Ente) 
àx? әв. ap? 
whose acceptable solutions for Р must be bounded in the 
complete domain of definition of the variable x, В. and 8_, that 
is 


(14) 


x €[0O, +œ], В, e[—0o, +оо] and B.. e [—0, +00]. 


The general solution Ж of equation (14) can be written as a 
superimposition of particular solutions for-the values Б, р. and 
p- of the ore constants 


VG, Bo noa | [ [ CE рь rne (880 
dE dp, dp a = C(E, ps, p.) e "-expli(p.B.-- P-B) 


" Yars p-(x) dE dp, dp- PON ‚ (15) 


where C(E, PE p-) is the amplitude of the eigenstate of parti- 
cular valueg (E <0; see- equations (4b) and (10) see also 
Moncrief™), p, and p. of the separation constants; а is an 
‘overall normalisation constant and Yarr- eh is solution of 


г 


SY ра +p ) e RIEY - 25 (16) 
ie can be written as follows 


Yarr m ax " [AJ +G- € p2) (хс!) ` 


*BJ-ü-$(i-p:)"xC'^)] (178) 


With 


ps = |BE|R$ (176) 


Where J, is the Bessel function of order > vA and В are constants 
determined by initial conditions and à a constant of normalisa- 
tion such that .- 


а Vern) = 5(E—E)8(p.—p'.)8(p-—p-) 


This solution is acceptable due to the asymptotic behaviour of 
J.(z) for |z|+00. Moreover, by taking into account the 
behaviour ot J, (т) for z > 0, one deduces that 


LR сав) 


model, the classical singularity is avoided due to the presence of 
‘quantum gravitational effects in the sense that because V * (x = 
0) = 0, it is impossible to find this Universe in the singular state. 

- For the isotropic version of the 'dust-filled' Bianchi I model, 
that is for the ‘dust-filled’ Einstein-de Sitter model (6, = 8. = 
0), the wave function becomes zero at x = 0 only for a set of 
measure zero of models, which means that, in this case, the 
singularity will not be avoided. 

The cause of possible singularity avoidance in the 'classical' 
quantum ‘or classical). regime? ?, is usually ascribed to а viola- 
tion of the energy condition of Hawking and Penrose’s'? 
theorems. We feel, however, that the non-singular character of 
the Bianchi I model studied here in the framework of quantum 
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cosmology may be due to the fact that the quantum gravitational 
fluctuations do not allow the model to be sufficiently localised. 
Moreover, the singular Einstein-de Sitter models may be 
considered as very improbable (structurelly unstable) models in 
the ensemble of all anisotropic Bianchi I Universes. 

It would be interesting to extend the present work to the case. 
of Bianchi-type models filled with a perfect fluid of equation of 
state: p = Ty — 1)p, which covers Zel’dovich’s™ stiff equation of 
state (p — p) as well as the hard equation (p = ір) characteristic 
of Collins and Perry's"' ‘quark soup’. This analysis would per- 
haps allow us to conclude as regards the truth of Wheeler's? 
conjecture “that every quantum solution for the problem of a 
closed universe within the framework of Einstein's fleld equa- 
tions leads to a singularity”. Work in this direction using 
Moncrief's?? recent hamiltonian formalism for perfect fluids and 
Schutz’s'” formalism is in progress. 

I thank Dr V. Moncrief for helpful comments and Dr P. 
Jasselette for interesting discussions. 


JACQUES DEMARET 
Institut d' Astrophysique, 
Université de Liège, 
Cointe—Ougree, Belgium 
Recorved 11 September, accepted 27 October 1978 
Намі, 5 W &Penrows, R Proc R Soc A314, 529-548 (1969) 


1 
2. Hawking, S W & Fi G F R The Large Scale Scructure of Space-inma (Cumbriige 
Press, 1973) 


3 Mamer, С W Phys Rew 186, 1328-1333 (1969) 
4. Patton, C M. & Wheeler, J А m Quanto Ал Oxford Symposucm (cda labem, C 
J, Penrose, R & Scama, D W ) 538-605 (Clarendon, Oxford, 1975) 


Lou 977 
Propert MPI-PAE/Astro 124, Max-Planck- Inatitut for Phrywk und Astro- 


д 
& Gung, E The Creation of the Unecerse аз а Quan mn Phenomenom. 
(Preprint, miden шүл НАЦ 1977) 
Phys Reo D11, 2072-2075 (1975) 
Quantam 


(ed Witten, L ) ch 7, 227-265 (Wiley, Nee York. 19621 

12 De Witt, В $ Phys Reo 168, 1113-1148 (1967) 

13 Meos, C W Phy Кес. 186, 1319-1327 (1969) 

, Lecture Notes m'Physa, 13, (eds Ehlers, J., Hopp, K А 
1 


15 Maccallum, М А Н m Qmendem Grevsty: An Sympesusm 174—218 (ccs Inher, C. 
-, J, Penrose, R. & Зола, D W ) (Ciresóon, Oxford, 197. 

16 Schutz, B F Ir Phys Res D2, 2762-2773 (1970) 

17 Schutz, B F Jr Phys Rec 04, 3559-3566 (1971) 

18 fehger, R L А Witham, G B Proc R Soc A396, 1-25 (1968) 

19. Lund, F- Phys Reo D€, 3253-3259 (1973) 

20. Knchat, K m Relatteety, Astrephyucs and Comnology (ed Israel, W.) 237—288 (Reidel, 


Dordrecht, 1973) 
ЈА ш Aéctheds т Mathemanca! Ркутст (eda Gilbert, R Р & Newton, 
R G) 335-378 (Gordon end Breech, Now York, 1970) 
C W. ш Мас without Мерс (od Klender, J R) 441-473 (Freeman, San 
Biyth W F & Ibam, C J Phys Reo 011, 768-778 (1975) 
.V Мате 269, 129-130 (1977), Мом Nec R amr Soc. 183, 169-168 (1978) 
J D 4 Сат, В J Mon Not R аш Sec 182, 537-558 (1978) 
R m Carpder Leceres т Phymcs, Vol S (od Schatemen, E) (Gordon and 


Vid 120 (1977) 
Amr Astrophys 61, 705-709 (1977) 
dig th 1702-1705 (1977) 
EI 1143-1147 (1962) 
Исо Геи 34, 1353-1356 qum. 
Relano Gremat 8, 713-715 (1977) 








Stability of quadruple junctions 


THE analysis of triple junctions (points on the Earth where three 
lithospheric plates meet) has proved to be a powerful tool in 
deciphering the plate tectonic evolution of the Earth. In their 
classic paper on the evolution of triple junctions’, McKenzie and 
Morgan dismissed the possibility of stable quadruple junctions 
existing more than instantancously. We show here that quadru- 
ple junctions can be stable according to the vector velocity 
stability criteria of McKenzie and Morgan. 

Consider the quadruple junction configuration of Fig. 1. Both 
spreading centres. (А-В and C-D) extending into the junction 
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Fig. 1 Example of a stable quadruple junction and its represen- 

tation in velocity space. Double lines are ridges, single lines are 

transform faults, hatchured line is trench. Arrows show relative 
plate motions. J represents quadruple junction. 


spread symmetrically at the rates shown. Plate A therefore slips 
10 mm yr ^! west relative to plate C and plate B slips 10 mm yr ' 
east relative to plate D. This RFRF junction can clearly evolve 
continuously in this geometric configuration, which is confirmed 
by vector velocity analysis’ (Fig. 1) or with scissors and paper. It 
is thus stable in the McKenzie-Morgan sense. 

Many other stable quadruple junction configurations have 
been calculated by one of us (P.M.). Only the TFFF and FFFF 
junctions have no possible stable configuration. We note that 
stable quadruple and higher order n-tuple ridge junctions are 
possible if all n plate velocities fall along a circle in velocity 
space. All relative plate motions would be represented by chords 
of the circle, and the junction would have the vector velocity of 
the centre of the circle. Note that if this velocity criterion is met, 
the ridges can be at any orientations and the junction will be 
stable (the total angular spread of the ridges must be more than 
180° if spreading is required to be non-oblique on all ridges; see 
ref. 3). If all four plate boundaries are orthogonal, five possible 
stable quadruple junctions may exist which do not require a 
specific ratio of plate velocities (RRRR, RFRF, RTRT, TTTF, 
and TTTT). In each of these cases, however, plate velocities are 
somewhat constrained by the geometric requirements; spread- 
ing is required to be symmetric and non-oblique, all transform 
faults are pure strike-slip, some subduction is required to be 
oblique and some non-oblique, and the subducted plate at each 
trench must be specified. These junctions are the only quadruple 
junctions which do not require both a specific geometry and 
specific plate velocities for stability. A possible situation in 
which a RRRR junction might be formed is during initial 
doming and rifting of a continent. If this happened, the 
subsequent establishment of normal seafloor spreading could 
result in a pair of failed rifts (aulocogenes) extending away from 
the quadruple junction. 

There is a near quadruple junction today where the Pacific, 
Philippine, China and Australian plates nearly come together at 
the southern tip of the Philippine plate. There is also a near- 
juncture of the Pacific, Cocos, Rivera, and North America plates 
near the mouth of the Gulf of California. This could be a stable 
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quadruple junction fixed with respect to the Rivera plate if the 
Pacific-Cocos spreading centre had the same vector velocity as 
the Rivera plate. 

We agree with McKenzie and Morgan that quadruple 
junctions are unlikely to be of much importance in the Earth's 
evolutionary history, but a necessary step in identifying possible 
quadruple junctions is the recognition that they may exist. 

This work was supported by grants from the NSF and the US 
Office of Naval Research. 
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Charge transfer by surface states in 
the photoelectrolysis of water 
using a semiconductor electrode 


THE photoelectrolysis of water using n-type semiconductors 
such as TiO, (refs 1-4) SrTiO}, (refs 5-7) and so on is of current 
interest and importance for the utilisation of solar energy to 
produce hydrogen gas for fuel. In steady state conditions under 
illumination and in the absence of Н, and О, in the electrolyte, 
the rate of H, evolution on a cathode is proportional to that of 
О» evolution on a semiconductor anode. The O, evolution 
process is considered to proceed by electron tunnelling from 
electrolyte levels to holes in the semiconductor through the 
Helmholtz layer, which must take place between states of equal 
energy. If only isoenergetic electron transfer between holes and 
occupied electrolyte states overlapping in energy the valence 
band occurs, the hole currents for O, evolution at n- TiO; would 
be expected to be very low, because the equilibrium redox level 
of the H,O/O, couple is considerably above (at 1.8eV for 
pH = 4.7 (ref. 2)) the top of the valence band. Experimentally, 
however, the current of holes at the TiO;-electrolyte interface is 
found to be quite high and the efficiency in charge transfer of 
holes at the interface is almost 100967. To account for such a 
high efficiency, a contribution from some surface states has been 
proposed??. A possible importance of surface states in elec- 
trochemistry at TiO; electrodes has been described by Frank 
and Bard'?. Also, a recent electroluminescence measurement 
made for n- TiO, indicates that occupied surface states exist near 
the midgap at the TiO;-electrolyte interface. At present, 
however, it is not understood which kind or character of surface 
states can improve the charge transfer efficiency for holes at the 
interface. We present here a theoretical treatment of electron 
tunnelling between the semiconductor and electrolyte by sur- 
face states. We apply a theory of surface states (more exactly 
interface states) in tunnel MOS (metal-oxide-semiconductor) 
devices of Freeman and Dahlke’? to the semiconductor-elec- 
trolyte interface. A quite high efficiency for holes at the interface 
can be obtained when the electron population of the surface 
states is controlled by the electrolyte and the surface states are 
almost completely occupied. 

The energy band diagram of an n-type semiconductor in an 
electrolyte under hole injection (by illumination) is shown in Fig. 
1. For simplicity we assume that the surface states can be 
described by a single energy level E, with a surface density of N,. 
The charging of the surface states can take place by interaction 
with electrons in the conduction and valence bands of the 
semiconductor and by tunnelling of electrons between the sur- 
face states and electrolyte. In the steady state condition, the total 
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1 esau dice Br iad КК О ЕРЕ, 
trolyte interface with surface states at energy E, and H20/0; 
redox level. The level Eg, in the electrolyte and the Fermi level for. ` 

' electrons Eg, in-the semiconductor are aligned. The change in the 
quasi-Fermi level for holes ¢, 18 greatly exaggerated for clarity and 
indicates an increase in concentration of holes in tbe surface region 
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flux of electrons into ‘the surface states must p: equal zero. Then, 

. the electron tunnel flux from the electrolyte into the surface 
, states through the Helmholtz layer, which i is кароо to the 
O4 evolution rate, can be. described asi? : 


оу: "E |) 


Here, cle йиде Н ЙЕ constant жанса ноу ol the 
electrolyte states, and то and fo are constants characteristic.of 
-the surface recombination “шон tunnelling апа are.given by, 
respectively,” f 
| аш: п)" ` (2) 


"and: 


| ‚о hilat 000 79 


where C, and С are electron and hole capture coefficients; n, 
arid p, are electron arid hole concentrations at the surface of the 
semiconductdr, and: 5; and'p, are concentrátions of electrons 
. and holes to be expected’ when "ће Fermi level i is at the ише 

state level... | 
If we'assume that r,« то ánd f, = 


aNiCp4Cal — (4) 


These conditions result in the situation that the electron popu- 
lation of the surface states is controlled by tbe electrolyte and the 
surface atates are almost completely occupied. Furthermore, the 
condition of т, € ro implies that the capture coefficients C. and 
C, in-equation (2) should be ciently small. 

Equation (4) indicates 
capture from the valence band to the surface.states and the 
electron emission from the surface states to the conduction 
band. In other words, an electron which tunnels from the 
electrolyte into the surface states either recombines with a hole 
in the valence band or enters the conduction band. The latter 
may be neglected compared with the former ünder illumination 
by which the surface concentration of holes p, is increased, as n; 
is small when the surface staté level is located near the midgap. 
Thus, U, that is the О. evolution rate is determined by the rate 
at which the almost completely occupied surface states capture 
holes at the semiconductor surface. and is proportional to the 
surface concentration of holes, being in turn proportional to the 


D 
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light intensity of illumination, as observed experimentally. 
Because thé hóle emission froi the surface states to the valence 
band is neglected in these conditions, it follows that all the holes 
reaching’ the semiconductor surface can be captured by the 
surface states and recombine with ‘electrons in the electrolyte 
with the transfer probability of one. This can result in quite high 
efficiencies in charge transfer of holes at the interface. 

` "Both thé conditions of r,« To and fy = 1 can be satisfied by the 
n-TiO, electrode, as the Helmholtz layer existing on the elec- 
trode is thin enough (of the order of 1 Å) to satisfy r.& ro 
although the capture coefficients in TiO, are unknown, and 
E,=1.5~1.24 eV (ref. 11) and Ep, = 2.3 eV (ref. 2) above the 
top of the valence band gives /„ = 1; where Ep, corresponds to 
the Fermi level in the electrolyte. This explains the quite high 
transfer efficiencies observed at the TiO,-electrolyte interface. 
But, it is not clear whether the surface states closely related to 
charge transfer at the TiO;-electrolyte interface are pre-existing 
ones associated with surface Ti''(3d') species’*'* or some 
localised states occurring as a result of chemical bonding 
between the electrode and electrolyte. To clarify this point, 
further experiments for charge transfer at the interface using 
TiO, or SrTiO, electrodes with and without pre-existing surface 


- states would be desired. 


Finally, if we assume- t,» ro, the U, value is only a small 
fraction 79/7. of that for the case of т, € To and very low efficien- 
cies in charge transfer are predicted. 
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High frequency radar observations 
of horizontal plasma 
waves in the equatorial ionosphere 


THE anomaly observed on the magnetic field records in 
equatorial zones is due to a strong ionospheric current flowing 
around 105km, called the equatorial electrojet. We 
have used coherent radar returns from electron density 
irregularities embedded in this current іс measure electric fields 
1n this region and to study plasma instabilities at the origin of 
these irregularities. We report here that strong anomalous 
reversals of the equatorial electrojet are sometimes observed 
and quasi-horizontal plasma waves have been detected for the 
first time during such an event. 

Plasma instabilities have been previously investigated in the 
equatorial electrojet using VHF and HF radars!? and in situ 
measurements during rocket launches’ While a good height 
resolution is obtained with rocket measurements, wave spec- 
trum information has only been obtained through radar 
measurements. However, due to Earth curvature, the classical 
VHF radar, as used at 50 MHz in South America, is not adapted 


` to detect plasma waves moving at grazing angles below about 
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10° at the electrojet altitude of 105 km (ref. 4). It is only when 
HF radars are used that the refraction in the E region of the 
lower frequency radio rays is sufficient for a possible detection of 
these horizontal plasma waves, the properties of which are 
known from the theory to be specially interesting. 

Such „an HF experiment has been deyeloped near the 
magnetic equator at Addis Ababa (Ethiopia) since 1976 using a 
phase coherent HF radar operating at 7, 14, 21 and 29 MHz. At 
the lower frequencies, radio rays are usually totally reflected by 
tbe E layer during daytime but, while classical oblique radar 
echoes have been observed almost every day’ and identified as 
the so-called 'type 1' or 'type 2' echoes discovered previously at 
УНЕ!, nothing typical was ever detected related to horizontal 
radio rays. It is only during a very strong counter-electrojet 
event described elsewhere? that very anomalous echoes were 
found to be associated with the horizontal radio rays. 

On 21 January 1977 coherent HF radar measurements were 
performed for the first time during a strong counter-electrojet. 
During such an event, the upward electron density gradient of 
the E layer is no longer destabilising due to the reversal of the 
electric field and the cross-field instability cannot grow; 
however, the electron velocity is large enough (larger than the 
ion acoustic velocity in the medium) for the two stream insta- 
bility to grow. It was then the first opportunity to investigate this 
instability without a background of turbulence due to the cross- 
field instability. 

The spectral analysis of the radar echoes obtained at 14 MHz 
was performed at different time delays after the transmitted 
pulse corresponding to a variation of the zenith angle and a 
selection of different instability wave vectors (Fig. 1). The most 
striking and unexpected result is the discontinuity in both phase 
velocity and cross-section as a function of range and the simul- 
taneous occurrence of two echoes for some ranges. . 

At the shortest ranges (or more oblique wave vectors) the 
phase velocity is larger and the cross-section much smaller than 
at the largest ranges (or more horizontal wave vectors). The 
shortest range echoes are similar to the usual ‘type 1’ echoes and 
are labelled accordingly (Fig. 1). 

These experimental results can be considered in the light of a 
ray tracing of radio wave propagation for the conditions prevail- 
ing in the E layer at the time of the observations (fos = 3 MHz, 
Ha 105 km). It is found (Fig. 2) that radio rays can be 
horizontal further than about 600 km, while strong refraction is 
still observed between 450 and 600 km. The strong amplitude 
and low phase velocity echoes labelled 'type H' on Fig. 1 can 


Fig. 1 Phase velocity and scattering cross-section variation for 

type 1(O) and type H (*) echoes with the oblique range (In km) 

in the castward direction at 14.50 LT on 21 January 1977 at 
Addis Ababa. 
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Fig. 2 Radio ray tracing at 14 MHz using a parabolic E layer 
(foi = 3 MHz, hu. 105 km, Н = 7.5 km) showing the horizontal 
radio rays further than 500 km. 


then be associated with horizontal and quasi-horizontal plasma 
wave vectors with a maximum cross-section for the horizontal 
waves. The association of the ‘type H' echoes with the horizontal 
waves is confirmed by the time variation of the location of the 
amplitude maximum: the range of this maximum increases with 
time as given by the ray tracing when.the E layer critical 
frequency decreases (that is, totally refracted echoes are ob- 
served at greater ranges). 

The ‘type H' echoes observed during the 21 January counter- 
electrojet event can then be associated with horizontal or quasi- 
horizontal plasma waves. The fact that such a phenomenon is 
not observed during normal electrojet conditions could be due 
to the turbulent state of the current flow when long wavelength 
cross-fleld instabilities grow in the normal daytime electrojet. 
When the electric field and the current are reversed during the 
counter-electrojet with no modification of the upward electron 
density gradient, the cross-field instability cannot grow and the 
turbulent mixing does not appear. The current flow is then 
always in a laminar state and the first^waves appearing (the 
horizontal ones) will not have their growth rate modified by the 
turbulence as during normal electrojet conditions. 

The characteristics of the ‘type H' echoes cannot be definitely 
associated with either two stream (type 1) or cross-field (type 2) 
instabilities. On the one hand, the very narrow width of their 
spectrum, the -stréng amplitude and the lack of correlation 
between the phase velocity and the magnetic field variation are 
typical of type 1 spectra; on the other hand, the relatively low 
value of the phase velocity and the presence at the bottom of the 
layer are typical of type 2 echoes. 

Among the two striking characteristics of type H echoes, the 
very strong amplitude is certainly associated with the fact that in 
a laminar electrojet the horizontal waves have the largest growth 
rate, but the other characteristic, the low value of the phase 
velocity, is still very puzzling and may be related either to some 
saturation effect similar to the quasi-linear reduction of the 
electric field* or to some secondary phenomena in the electrojet 
known to modify the phase velocity of the instabilities such as 
the presence of a strong neutral wind gradient with altitude or 
longitude or the occurrence of an anomalous gradient related to 
a thin blanketing sporadic E". 
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Gradual increase of oceanic CO, 


SINCE 1850, human activities, mainly the burning of fossil 
fuels and the clearing of forests, have increased the amount of 
CO, in the atmosphere by ~50р.р.т.'°. Although it is 
generally believed that the oceanic CO; has increased 
correspondingly ^, only very limited data" !* have shown the 
increase quantitatively. We present here a computational cal- 
culation of the variation of the preformed total CO; (ZCO$) for 
a water mass, the original amount of total CO; (CO,) at the 
time of its last contact with the atmosphere. The result for the 
Atlantic Ocean reveals that the older water masses have invari- 
ably smaller CO? as compared to the more recently formed 
waters. 

Assuming a parcel of seawater in contact with the air remains 
at a constant degree of equilibrium" with the atmospheric СО», 
the amount of XCO, in this water is defined as XCOS$, which 
depends on the partial CO, pressure in the air (pco,) as well as 
the salinity and the temperature of the seawater. Once the water 
sinks, the in situ decomposition of particulate CaCO, and 
organic carbon adds dissolved CO, to the parcel'?"". 
Consequently, the measured CO; becomes larger than ХСОЗ. 
The values of XCO? can only be calculated from the measured 
УСО, values by correcting for the influences of CaCO, and 
organic carbon, which in turn can be calculated using the 
titration alkalinity (TA) and the apparent oxygen utilisation 
(AOU) data. (The combined effect of decomposing x moles of 
CaCO, and y moles of organic matter in 1 kg of seawater on 
УСО? TA? and AOU can be represented as!^"": 


` £CO,- CO? = x + 106y 
TA-TA?-2x - 17у 
AOU = 138y 


Eliminating x and y from the above equations yields equation 
(1). Note that the constant associated with AOU is 0.83 instead 
of the often misused 0.768.) 


УСО = ECO, (measured) – 0.S[ TA (measured) - TA?] 
—0.83 AOU (1) 


where TA? is the preformed TA value. The values for TA? 
probably do not vary with the atmospheric СО, variation but 
depend only on the salinity and temperature. Therefore, we 
have assumed that the present day surface TA values represent 
the values for TA? during the past 130 yr. 

The Geosecs (Geochemical Ocean Section Study) Atlantic 
surface TA data have been fitted to a function of potential 
temperature (8). 

We have calculated TA? (and other chemical properties) on 
the constant salinity (35%) basis. The values of chemical 
properties, for example TA”, are normalised to 35% salinity 
(S) using: 


TA°(measured) x S(4., measured) 


TA? = 
35.000 
TA"(uEquiv. kg!) = 2,368 — 4.720, 6 < 17°С és 
= 2,287, 8 >17°C 


Combining equations (1) and (2) gives: 
УСО (ртої kg!) = ECO,(measured) — 0.5TA(measured) 
—0.83 AOU + 1,184 — 2.360, 
0«17?C (3) 
= XCO;(measured) ~ 0.5TA(measured) 
—0.83 AOU + 1,143.5, 02 17°С 
The values for CO? for the Atlantic waters formed іп 1972 
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Fig. 1 Variations of AECO? (a) and pco? (b) with depth at 
59°56.5' $, 45?2.0' W. 


have been assumed to be equal to the surface BCO, values 
determined in that year (Geosecs). They are represented by 


XCOS(umolkg !, 1972) = 2,195 9.56 (4) 


The difference in ХСО (ASCO) between the older water 
masses calculated from equation (3) and the present day (that is 
1972) values calculated from equation #4) is probably caused by 
changes in the atmospheric CO. concentrations. The 
uncertainty іп AXCO? is estimated to be +15 pmol kg ^! due to 
the uncertainties in the measured chemical properties, namely 
УСО,, TA and AOU. 

The vertical variation of AXCO? was calculated from a station 
in the Southern Ocean (Geosecs station 79; 59?56,5' S, 
45°2.0' W). The values for АУ СОЗ decrease from approximately 
zero to nearly 40+ 15 pmol кв! from the surface to 700 m, 
but remain constant from 700 m to 4,860 m (Fig. la). The 
decrease of roughly 40+ 15 umol Кр”! in AECO? with depth for 
the relatively young shallow waters reflects the decrease of 
atmospheric CO, with age. The deeper layer does not show 
depth-dependent variations in AZCO3, presumably because it 
was formed before the atmospheric CO. started to increase. The 
vertical profile for pco? (Fig. 15) looks similar to the profile for 
AZCO$ and shows a decrease of 65 + 3C p.p.m. from the surface 
to 700 m. Very little tritium, but large negative values for A'*C 
were found’??? below 600 m for waters south of 55° S, which 
confirms our conclusion. The variation in peo? is larger than the 
value generally accepted! or the value (50 p.p.m.) obtained by 
Brewer'* using a similar approach. 

Similar horizontal propagations of АХ СОЗ with latitude have 
been traced along the minimum salinity (Fig. 2a) and the 
minimum potential temperature (Fig. 25) layers in the Atlantic 
Ocean. Figure 2a shows that the values for ALCO? generally 
decrease from 45° to 20°S in the minimum salinity layer 
(—800 m deep). The break near 38° S is probably due to the 
change in flow patterns?" ?, as northwards flowing minimum 
salinity water turns eastwards at about 40° S and returns around 
the anticyclonic gyre. The water north of 38? $ is significantly 
older than the water south of 38° $. There is probably another 
break at 22? S. The values of ASCO? for water between 22° S 
and 25°N remain relatively constant at —40+ 15 pmol kg", 
indicating that there was no significant CO; variation in the 
atmosphere when this parcel of water was formed. The values 
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for AXCO? increase with latitude north of 25°N due to the 
influence of the freshly formed North Atlantic Deep Water”. 
There are no significant differences between the waters in the 
western and eastern Atlantic Ocean. 

The tritium data support our findings. The average tritium 
value is 0.47 tritium unit (TU) at the depths of interest south of 
38° S. This value is higher than the average value of 0.15 found 
between 38° and 22? S, which in turn, is higher than the average 
value of 0.06 TU for stations between 22? S and 25? N. Tritium 
concentrations are high for stations north of 25? N. 

The values for AZCO} in the minimum potential temperature 
layer (roughly 4,500 m deep) are shown in Fig. 2b. Waters in the 
eastern basin all have AECO? values of approximately —40 + 
15 pmol kg^!, indicating that these waters formed before the 
industrialisation. Waters in the western basin are apparently 
younger. The value of AECO? is ——20:15 pmol kg ' near 
50° S in the western basin which suggests that the water here has 
been influenced by the atmospheric CO, increase. In the south, 
values for AECO? show a northwards decrease in the western 
basin. The values decrease to —40+ 15 pmol крг! and remain 
constant from 38? S to 10? N, then start to increase north of 
10° N, presumably due to the influence of the rapidly sinking 
North Atlantic Deep Water. The value reaches nearly zero at 
47°33' N at a depth of 4,546 m which indicates that the water 
here is probably not much more than a few years old. The 
distributions of pco3 (not shown) look similar to that of AXCOS. 

The computational scheme given above represents only first 
approximations of the very complicated systems in the oceans. 
The Redfield-Kethchum-Richards model** has been assumed 
to be valid everywhere in the oceans? , and the possible effect of 
sulphur on TA'*' has not been considered. Waters with the 
same 6 have been assumed to have the same TA? and УСО and 
the complicated effects of mixing and the slow vertical diffusive 
migration of CO, from the surface water to deep water regime 
(T. Takahashi, personal communication) have been neglected. 
Nevertheless, the method is simple and the results reveal details 
that have not been shown before. [The work of Brewer was 
brought to our attention during the preparation of this letter. 
Although his computational scheme is different from ours, the 
concepts fall on the same line. His results (his Fig. 2) are similar 
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Fig. 2 Variation of AXCOS with latitude along the minimum 

salinity (a) and minimum potential temperature (b) layers in the 

Atlantic Ocean. @, Samples taken from the western basin: O, 

samples from the eastern basin. The broken lines are drawn 
through the data in the western basin only. 
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to part of our Fig. 2a.] Quantitatively, the results show that the 
oceanic ECO% has increased by as much as 40+ 15 pmol kg ^! (or 
65x30 p.p.m. in pco?) responding to the atmospheric СО, 
increase. Qualitatively, the results have indicated how far and 
how deep the human induced CO, has penetrated into the 
Atlantic Ocean. We hope this method can help us to understand 
better the global carbon cycles. 
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Particulate uranium, plutonium 
and polonium in the 
biogeochemistries of the coastal zone 


ALTHOUGH increasing attention has been paid to the role of 
inorganic solid phases in the chemistry of seawater, little quan- 
titative data has been available to assess their involvement with 
living systems. We report here recent observations on the 
uptake of uranium, plutonium and polonium in coastal waters by 
organisms and submerged surfaces as traced by their isotopes. 
We show that the body burdens of these radioelements in some 
marine organisms are governed measurably by the uptake of 
their particulate forms. Furthermore, these elements are asso- 
ciated with different particulate phases as deduced from the 
rates at which they deposit on submerged surfaces. 

The dissolved uranium content of marine waters seems to be 
related to the salinity’. For a salinity of 35%, the uranium 
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concentration is 3-35 £ 0-02 ug 17,(2.48 d.p.m. I7 !). Moreover, 
the 2540/2380] activity ratio is reported as constant at 1.14 2 0.02 
(ref. 2). The disequilibrium of the uranium isotopes in seawater 
is a consequence of the daughter" ^U entering a more readily 
dissolvable state than its parent, *U, following its production in 
crustal rocks. There are several explanations for this 
phenomenon". However, the important observation is that the 
activity ratio in river water is usually greater than 
unity, while in the residual solids it is usually of the order of or 
less than unity. Thus, any continental solid phases that are 
mobilised to the ocean through the rivers, winds or glaciers may 
be identified by а ?*U/?*U ratio, whose value is <1. The 
distribution of plutonium and polonium between soluble and 
particulate phases in California coastal waters is unknown. 

We began exposing solid surfaces (for example, glass beads) to 
seawater in 1976 to ascertain whether plutonium, which seemed 
to accumulate on the giant kelps in relation to surface area“, 
would be collected by ‘non-living’ material. The solids were 
immersed in seawaters off the Scripps Institution of Oceano- 
graphy Pier in La Jolla for periods of up to a month, and assayed 
for plutonium, polonium, and uranium?*. Independent of the 
type of material, glass beads, filter paper, alumina balls or PVC, 
there is a direct relationship between exposure periods and the 
amounts of uranium, plutonium and polonium picked up from 
seawater per unit surface area (Fig. 1). Moreover, the uranium 
ratio of the sorbed phases varies between 0.91 and 1.07, 


averaging 0.98 + 0.03, with probable errors (counting errors) of 


0.03 or less. 

In the process of attempting to identify the possible organo- 
metallic complex of uranium, a batch of glass beads was leached 
with a mixture of chloroform and methanol (2:1). Little of the 
uranium, plutonium and polonium dissolved in solvent mixture 
and little was retained on the beads. Instead, these radioactive 
elements were found in the small amount of particulate material 
that was released from the beads by the solvent. These elements 


Atoms стг? 





"ume exposed (9 


Fig. 1 Accumulations of uranium, plutonium and polonium m 
atoms ста 2 are plotted against the time exposed to seawater off the 
_ pier at Scripps Institution of Oceanography, except the 17-d 
exposure which us on а Navy platform one mile off shore. All points 
are for the exposure of glass beads except FP, Whatman 40 filter _ 
paper; Al, alumina balls; and PVC, po polyvinyl chloride sheet. The 
accumulation rates are: U 2.3 x 10!! atoms ап? d ^; Pu- 
1.2x 10* atoms cm ^ d^; and Po = 54 atoms cm 4". 
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Tablet 2340/2380 actvity ratio in particulates recovered from seawaters and m 





seawaters, from Soutbern California 
Particulates collected 
Byfütanon ^ . z39+240p 29% 
(1 шю) Date 2340/2360] (dpm 17 
7,2001 12/21/77 10050.01 0.0022 0.000024 0.011 
22,0001 1/06/78 | 097x001 00023 0000017 0011 
Collected by sedi- d 
mentation and sub- 
sequently resuspen- 11/10/77 1 0040.02 
ded wrth overmght 
sctthng 
Collected by one 
month exposure of 10/20/77 1.02+0.01 
acrilan fibres i 
Seawater 
Volume (1) 
unfiltered 2 р 
20 6/02/77  1.14x001 
20 7/22/77 1.15+0.01 
Dialysed б 
20 ` 9/01/77 Á 116x001 
8 12/08/77  Á1352z0.01 
1152x001 
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were probably on particles that were fixed to the beads by some 
type of natural organic adhesive. Thus, submerged bodies, 
including living algae, may, by an organic coating on their 
surfaces, collect some fraction of the particles, and the asso- 
ciated inorganic elements, that impact their surfaces in propor- 
tion to exposure time and surface area. 

It is evident that a portion of uranium, plutonium and 
polonium in seawater is in particulate form. Of greater interest, 
however, is the difference in uptake slopes of all three elements 
on the solid surfaces (Fig. 1). This difference suggests that the 
elements, although in particulate form, may not be associated 
with.the same solid phases. 

Large volumes of seawater were pumped through 1 pm 
(nominal pore size) glass filters and the particulate material 
retained by the filters was found to contain concentrations of 
these elements in ratios roughly equal to those of the glass beads. 
The U/Po, U/Pu and Pu/Po ratios on an atom basis for the glass 
beads and seawater particulates were: 4.2 х 10? and 2.4 x 10°, 
1.9x 10’ and 2.1 x 107, 220 and 115 respectively. Moreover, the 
73407 /*4U activity ratio of the particulates was unity (Table 1). 
Uranium isotopes were also determined on material that 
adhered to acrilan fibres exposed for one month in the kelp beds 
near Scripps and on sediment that collected in an 80 | barrel into 
which seawater flowed for a period of two months (Table 1). The 
barrel matter was resuspended in seawater and the fraction that 
did not settle overnight («1-2 um size fraction) was captured by 
centrifugation at 12,000g. The ?*U/?**U ratio of the partic- 
ulates collected by these two methods was also essentially one 
(Table 1). In contrast, the total uranium in seawaters from the 
area hag values of the ratio near 1.15 (Table 1). Volumes of 
seawater dialysed through membranes with molecular weight 
cut offs of 13,000 and 2,000 gave ?^U/?'*U ratios of (1.15- 
1.16)+0.01 in the dialysate. 

Thus, coastal seawaters near San Diego, California, possess a 
7*U/P*U' activity ratio of 1.15+0.01, while the particulate 
phases contained therein and originating on the continents have 
values around unity. Even though the particulate materials 
comprise <1% of the uranium content in the dissolved state, 
could their impact on the biosphere be quantified? To assess this 
possibility, the uranium in the soft tissues of filter feeding 
organisms was assayed for their uranium isotopic composition 
(Table 2). Brown algae were also analysed. 

For most of the biological samples, the 7“U/7*U activity 
ratio is less than that of dissolved uranium (1.15). Note that the 
soluble uranium activities contributed by the water that consti- 
tutes the difference between the wet and dry weights were not 
subtracted and would only tend to enhance the role of partic- 
ulate uranium if a correction were made. The largest deviation 
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from the seawater is in scallops with a value of 0.96+ 0.01 On 
the basis of the uranium isotopic ratio, assuming uranium -of 
dissolved origin has a ratio of 1.15 and particulate uranium a 
ratio of 0.98, all the uranium found in the scallops was due to the 
uptake of particulate uranium. Likewise, the observation that 


the mussels have an average value for the ratio of 1.13 indicates _ 


that about 1196 of their uranium was taken up as solid phases. 
The mussels have remarkably high values of uranium in their 
byssal threads, over 10 times more than in their bodies on the 
average, and this uranium seems to have arisen primarily from 
the dissolved state in seawater. 

The tunicates, on the other hand, have values of the ™U/?*U 
ratio markedly lower than those of the mussels. These filter 
feeders have high hydrogen ion concentrations in their gut 
regions which could leach uranium from the particulate phases. 
Both bodies and gut were analysed in three samples. In every 
case the gut materials had lower values of the ratio but similar 
values of the uranium concentrations compared to the bodies. 
Clearly, the particulate phases in. seawater -contribute 
significantly to the uranium body burden of these organisms. 

The ™U/**U activity ratio in the algae ranges from 1.09 to 


1.16, indicating contributions from both dissolved’ and partic- ` 


ulate uranium. The elk kelp blade (1.16) was thick relative to the 
macrocystis blades, and thus had less surface area per unit 
weight for particle deposition. The reverse is seen with the elk 
kelp scrapings, which maximise the area to weight and have the 
lowest ratio of the uranium isotopes (1.09)—indicating that 
35% of.the accumulated uranium wes in the particulate form. 

Polonium and plutonium are most probably taken up by the 
algae in a particulate state, by impact as opposed to active 
Table 2 Uranium concentrations and isotopic composition in marine 
organisms {гота California coest (on 4 dry weight basis) 


эу. 5 ET 
«кы, per activity ratio 





Algae E 
Elk kelp 102+1 1.16 + 0.02 
(large blade) A, Bee oe 
Elk kelp — ‚ 1.09 +0.02.. 
(surface scrapings) ae р 
35844 ` 1,130.01 
508+2 : 141.10+0.01 
Mussels (Mytilus sp.) . : ‘ 
Pt Fermin - 130+1.° 1.12+0.04 
Pt - 11841 1.13+0.01 
Bodega Head 12141 1.13+0.01 
22441 1-09+0.01 
San Simeon _ 13841 1.12+0.01 
Diablo Canyon 20041 1.15+0.01 
Santa Cruz 17741? 1.115001. 
Soberanas Pt 241+1 1.15+0.01 
N San Francisco 25141 1.15+0.01" . 
S San Francisco 172+1 1.1050.01 
Farallon Is “24641 1.15+0.01 
San Diego. . 12541 1:13 +0.01 ` 
Byssal threads. | 
Bodega Head 9,100+40 1,12+0.01 
Cape Flattery 3,860+30 1.15+0.02 
Farallon Islands 4,640+20 .1.13+0.01 
Tunicates ` 
Polyclinum planum 14041 . 1.0750. 01 
2 63 +1 1.12#0. 01 
Styela- monterensis body-1 116-1 1304x002 ' 
gut-i `149+1 .` 1.034002 ' 
body-2 20721 1.06::0.01. ` 
i gut-2 ` 24541 1.03+0,01 
Clona intestinalis _ body 245-1 1.09 +0.02 
gut c 330+1 0.98 +0.02 
Abalone 760xt, -1.13+0.01 
Gooseneck barnacle 20641 1.07+0.01 
Barnacle gills + intestine 1691 1.132 0.02 
Scallops 32921 0.96+0.01 
Rock oysters 1.07+0.05 
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: Upd pm kgz' diy wt d 
ЕМ. 2 The activity of plutonium and particulate uranium О, are 
* Mnearty proportional with a slope of 1/10. s, scallops; mbt, mussel 
^ byssal threads; t, tunicates; ab, abalones; b, barnacles; and m, 
^ mussels. ; 


- = à + 


. The Pu/Po atom ratios on the glass beads and kelp 
are 220 and 280 respectively. The ratio for seawater particulates 


_is 115, also roughly the sime. Even more remarkable is that the 


rates of uptake of polonium and plutonium in atoms cm ? d! by 
the glass beads and the kelp are essentially identical, Po — 54 and 


А 52 (ref. 4) and Pu = 1.2 х 10* for both the beads and kelp“. 


The plutonium concentrations in the other marine organisms 


- are linearly proportional to the uranium of particulate origin 


(Fig. 2). Thus, the uptake of plutonium by these organisms may 


. be related to the ingestion of this transuranic in a particulate 


form: 
Clearly, uptake of particulates can significantly influence the 
uranium, polonium- and plutonium content and the uranium 


. isotopic ratio of coastal marine organisms. By simply measuring 


the uranium isotopic ratios, the extent to which particulate 
uranium is important can be quantitatively determined. Using 
the same approach, it may be possible to assess the role of 
particulate trace elements by Vr ды. their specific activities, 
for example, 21°Db /stable lead Pu/*****°py on particulate 
phases in seawater and in the organisms. 

These studies also point out that caution must be exercised in 
calculating ‘a concentration factor for trace elements in 
organisms over the concentration of that element in seawater. 
For example, the scallops accumulate particulate uranium 
exclusively and, therefore, using the ?*U particulate concen- 


“a tration ih seawater of 0.002 d.p.m.1-’ (Table 1), the concen- 
- tration factor based on tbe dry weight of the organisms is 


1.5x 107. Had the total? *U seawater concentration been used 
to calculate this factor, a value of roughly 150 would have been 


" reported. Note that the build up on the beads after one month of 


exposure to seawater for uranium, plutonium and polonium is 
1х 107, using the fact that 4.5 kg of beads collect nearly 1 g of 
dry particulates. On the other hand, the byssal threads of the 
museels from Bodega Head, California, have a concentration 
factor for soluble uranium of 3.3 10* and one for insoluble 
uranium of 7.4 x 10°. : 
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Be in marine sediments, 
Earth's environment and cosmic rays 


COSMIC RAYS create the long-lived radioactive nuclide ‘Be 
(half life: 1.5 M yr) continuously in the upper atmosphere as a 
result of nuclear disintegrations. It enters the oceans through 
various paths and finally deposits in deep-sea sediment in a time 


which is short compared to its half life. This isotope has been. 


used to establish the chronology of geophysical events up-to the 
Pliocene’” or to suggest cosmic-ray intensity variations in the 
past^?, This report shows that the "Ве stratigraphy in marine 
sediments can be used as a time marker for geophysical events in 
the past, but not for delineating any time variations in cosmic- 
ray intensity unless one can learn how to delineate geophysical 
effects. Also the cosmic-ray consistency would be estimated 
from the limits of *°Be variation implied by this data set. 

A sediment core (KH68-4-18), 968 cm in length, was collec- 
ted from a 5,390 m deep-ocean basin at 01? 59' N, 170? 01’ W 
central equatorial Pacific. Beryllium was separated from the 


. rate of Be participation, P (atoms ст? 


209 


sediment samples using an improved chemical method”, and 
the B-ray activity of '°Be was counted with two sets of low-level 
needle counters ' and a low-level silicon detector; background 
count rates and counting efficiencies of these were 0.0082 + 
0.0005 min^', 512-396, 0.0072+0.0005 min", 51:39, 


0.0372 0.012 min !, 35+2% (90-555 keV), respectively. 


The absolute age T (x) at a depth x was evaluated’? from a 
51), onto sediment 
surface and the specific activities of Be, Nix) (d.p.m. ст? or 
atoms cm >), in all successive layers along the core down to a 


depth, x. 


4 


dried 


Ne 505) 


Р 
$0) oP [-AT(x)]. 


or. . 
T(x) -ут [1-5 vo а 


Here, А is а decay constant of "Be and P is assumed to be 
constant and equal to 2.15 x 10? Be atoms cm ? s !, during 
the time interval considered for this core, and the sedimentation 
rate ‘at a layer, S(x), is assumed to have varied with depth ог 
time. ' s 

The specific activities of "Be and the '?Be ages are listed in 
Table 1 together with magnetic ages”, differential sedimen- 
tation rates and the content of Be and Mn. The uncertainty in the 
specific activities was estimated on the basis of the uncertainties 
(lo) in chemical determination of bervllium (8%), counting 


. efficiency (5%), absorption correction (5%) and counting statis- 
' tics Mir 17%). . 


The Be ages agro well Wiüibéxipae d: apos ale ИРЕТ 


.horirons (Table 1). The magnetic reversal pattern of core 


KH68-4-18 is very clear and consistent with palaeontological 
analysis”. These agreements show that the assumption of 
constant оре precipitation would be correct and the cosmic-ray 
production rates integrated over the time intervals (2—7 x 10° yr) 
between each adjacent reversals have been constant (< +10% 





Table 1 Specific activities of ‘Be, !^Be ages, magnetic ages, differential sedimentation rates and concentration of chemical elements in core 





. ЕН68-4-18 
А ы ~ Р t Differential 

, Depth . Dry weight In situ . | Specific activity Magnetic * =e Chemical elements 
interval of sample density* oti Be Р Be age aget Be Mn 
(cm) (g) (gem >) * (10? d.p.m. cm 3» (Myr) . (Муг) (mm ipsi (p.p.m.) (%) 
0- 35 А 9.7 0.24 1.77+0.23 - 0.11 3.2 1.85 0.55 
35- 75 14.2 0.24 1.57 +0.20 0.22 3.6 1.78 0.53 
75-110 124 0.25 1.20+0.17 0.30 4.4 1.65 0.32 
110-155 . 13.7 0.24 1.25 +0.15 0.41 EE 4.1 166 0.55 
155-190 12.1 А 0.25 1.254048 0.50 3.9 2.24 0 56 
190-230 13.8 0.24 . 0:97 +0.13 0.59 ` © 44 1 1.49 0.54 
230-265 . 11.6 0.24 1.37::0.20 0.69 0.69 3.5 1.88 0.56 
265-300 10.0 0.24 1.09+0.15 0.78 . ` 3.9 1.75 0.60 
300-335 11.7 0.23 1.05+0.15 ‘0.87 . 0.89 - 3.9 2.15 0.46 
335-365 9.8 0.23 1.19: 0.20 '0.97 '. 0.95 3.0 1.52 0.44 
365-415 18.8 0.25 1.21+0.17 1.13 3.1 1.72 0.56 
415—465 18.9 0.26 0.62+0.09 ` 1,23 5.0 1.70 0.66 
465-515 ^ 17.9 0.24 1.34 + 0.18 «1.43 . 2.5 1.82 0.64 
515-570 183 0.24 1.01+0.13 -1.61 1.65 3.1 1.76 0.61 
570—625 12.0 0.23 1.14+0.16 1.85. 185 + 23 1.64 0.51 
625-675 16.7 0.22 0.76+0.10 . 2:00 3.3 1.79 0.52 
675-730 17.2 $ 0.22 0.75+0.12 ` 2.19 2.9 1.87 0.50 
730-790 22.5 А 0.24 0.69 30.13 -. 2.39 3.0 1.70 0.44 
790-850 20.1 0.23 0.14 2-0.08 2.43 2.43 15.0 1.56 0.37 
850-905 186 ' 0.23 0.344006 - 72.3 | "- 5.5 1.59 0.53 
, 905-968 18.5 0.23 ' 0.862 0.16 2.84 2.0 1.53 0.46 





* [n situ density is defined as the ratio of the dry weight of sediment to the in situ volume occupied by the sediment. 
T The depth is measured from the top of clay sediment filled in core pipe, whereas the depth presented in ref. 5 where the magnetic age has been 
determined is measured from the top of core pipe; the difference is 15 cm. The magnetic age tabulated here is normalised to the present depth. 
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Fig. 1 Comparison of the "Ве variations with time in two Pacific 

sediment cores: O, KH68-4-18; 6, KH68-4-25. Data for 

core KH68-4-25 taken from ref, 12. Mean decay lines are shown 
by solid lines, with +40% lmits of variation by dotted lines. 


variation) up to 2.5 Myr BP. The differential sedimentation rates . 


at different layers vary by a factor of 2 from ~ 2.5 mm Куг to 
~5 mm Куг ! except for 15 mm kyr at a layer 790-850 cm. 


The mean sedimentation rate is 3.5 mm Куг ! consistent with. 


the value of 3.4 mm Кут ! (ref. 13).derived from magnetic 
strati aphy. 

The е activities in core KH68-4-18 (2°N 
Bae investigated’? core KH68-4-25 (20° S, 170° W) are 
plotted against the ‘Be ages in Fig. 1: 

The '°Ве activities in the two cores do not parallel each other 
in the past. This fact rules out cosmic-ray intensity changes as the 
principal cause for the '?Be variations. Another fact unfavour- 
able to the simple cosmic-ray interpretation is that the rate of 
Re precipitation at 2? N (2.15 x 10? atoms cm ? $^!) is twice 
as large as that at 20° S (1.14 x 107? atoms cm ? s^, see ref. 12). 
If the "Be precipitation rate reflects the latitudinal variation of 


the overhead Ве fallout *, the P values for the two cores would : 


be reversed. 

Non-parallelism of the ice voriations mihe Goro cones wlan 
unfavourable to a simple global climate change as a main cause 
for the '?Be variations", although the паза and interglacial 
effects in principle could influence the ““Be content of ocean 
sediments in a relatively complex fashion. 

One of the most significant differences between the two cores 
is the low ‘Ве concentrations (Recént 0.27 Myr) at the top of 


core KH68-4-25, that dó not occur for core KH68-4-18. : 


Tanaka et al.^5 showed that the volcanism of Samoan island 


arc caused the decrease at the top of core KH68-4-25, on the ` 


bases of the abundance of volcanic glassy fragments and the 
variation of elemental abundances. In core KH68-4-18, there 
are no glassy fragments of volcanic origin and no correlation 
between the concentrations of '?Be and elemental abundances; 
volcanism has little effect for this*core. This equatonal core has 
plenty of fossils of faunal and floral species throughout (30-80% 
in volume under microscope), with exceptions at depth 415- 
465cm (1.13-1.23 Муг) and 790-850cm (2.39-2.43 Myr) 
where the fossil occurrences are sporadic (less than a few 96) and 
the !?Be concentrations are low (see Fig. 1). Biological produc- 
tivity may cause changes in '^Be concentrations. 

Another set of analysis will be stated on the limits of “Be 
variation implied by this data set. The data show some scatter in 
the plot of log N(x) versus time (Fig. 1), but the decay line (solid 
lines in Fig. 1) having the slope Of a half life of 1.5 Myr which 
starts from the N(0) value derived from the adopted P value and. 
mean sedimentation rate seems to be representative for the data 
set. The limits of "Ве variation from the mean line are +40% 
for both cores, represented by dotted lines in Fig. 1. A few points 
beyond the limits can be explained by special effects such as the 
presence of volcanic fragments or the low biological produc- 
tivity. The Be variations are mainly affected by complex 


environmental factors, and the cosmic-ray intensity variations, if 
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any, do not exceed at most +40% for period of ~ 1x10? yr 
(sampling intervals) during the past 2.5 Myr. 

The *°Be variations with time and with oceanic location reflect 
complex changes in the Earth's environment such as volcanism, 
biological productivity, oceanic circulation, and climate. The 
cosmic-ray intensity variations, if any, do not exceed +10% for 
periods of 2- ~ 7 x 10° yr and + 40% for periods of ~ 1x 10? yr 
during the past 2.5 Myr, and can not be delineated from this data - 
set. 

We thank K. Kobayashi of Ocean Research Institute, Uni- 
versity of Tokyo for the core sample, and M. Imamura, S. 
Shibata, S. Yanagita, M. Hosoda, C. Hyuga for technical assis- 
tance and discussions. This work was supported in part by a 
grant from the Ministry of Education, Japan. 
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Human chimaera detectable 
only by poe of her progeny 


A CHIMAERA can be defined as an organism whose cells derive 


' from two or more zygotes’. In man, two categories of spon- 
'taneous and permanent chimaeras are recognised: blood chi- 


maeras which arise from the exchange of blood-forming celis 
between dizygotic twins, and dispermic chimaeras which are the 


' result of the fusion of two zygotes and of their growth into one 


body (for review see ref. 2). Blood chimaeras are usually 


‚ identified because of blood-grouping problems caused by the 


mixture of different erythrocyte populations, while dispermic 
chimaeras who often present sex abnormalities are mainly 
detected by cytogenetic studies, although they also carry a 
mixture of different blood cell populations. In contrast to these 
typical cases, we now report a unique human chimaera who 
shows no mixture of blood cells as far as the genetic markers 
investigated are concerned, and who 1s only detectable by the 
‘investigation of the. blood of her progeny (family Eiw., Fig. 1). 

This chimaera was brought to our attention because of an 
apparent mother-child exclusion in the ABO system: mother 
IL2: А,В, child III.4: 0. Blood samples of the mother II.2, her 
husband II.1, her children ITI.1-ITI.4 and her parents I.1 and I.2 
were typed for the following markers: ABO, rhesus, MNSs, P, 
Kell, Duffy, Kidd, Lutheran, Lewis, ABH- and Lewis-secretion, 
Xg, acid phosphatase acP-1, phosphoglucomutase PGM-1 
(including the subtypes, PGM-1*, defined by isoelectric focusing 
on polyacrylamide gel’), adenylate kinase AK-1, adenosine 
desaminase ADA, glutamate pyruvate transaminase GPT, gly- 
oxalase GLO-1, esterase D EsD, gammaglobulin groups Gm ` 
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Table 1 Genetic marker systems showing mother-child exclusions (family Eiw.) 



















t Mother-child exclusions taking into account the father 1.1. 


and Km, haptoglobins Hp, group specific components Gc, pro- 
perdin factor B Bf and HLA. 

It became evident that all four children Ш.1-Ш.4 did not fit 
genetically with their mother П.2 whilst there was no evidence 
for an exclusion of the father II. 1. The systems showing mother- 
child exclusions without taking into account the father П.2 are 
listed in Table 1: IIL1 is excluded by Kidd and HLA, III.2 and 
IIL4 by ABO, PGM-1* and HLA and Ш.3 by PGM-1* and 
HLA. Accepting the paternity of II.1, the mother is additionally 
excluded from IN. 1-III:4 by Bf, from Ш.2 and IIL.3-by acP-1 
and from Ш.3 and Ш.4 by rhesus (Table 1). Thus, the mother- 
child exclusions include genes governed by 
(rhesus and PGM-1*)*5, chromosome 2 (acP-1)5, chromosomie 6 
(Bf and HLA)’*, chromosome 9 (ABO)’, and possibly 
chromosome 7 (Kidd)'?. Significantly, all the genes (or haplo- 
types) which must ave been transmitted from the mother II.1 to 
her four children and which are not detectable in her blood can 
be found in the maternal grandparents: O potentially present in 
L1 and in L2, CDe апа Jk* in L1 and L2, acP-1 Р“, Bf* and 
HLA-A3, Bw35, Cw4 in 1.2, and PGM- 1* a! in I.2 and possibly 
in L1. The four children III.1-III.4 are therefore genetically 
compatible with their father П.1 on the one hand and their 
maternal grandparents I.1 and I.2 on the other hand. 

The results of unidirectional mixed lymphocyte cultures 
(Table 2) showed that I.2 is able to stimulate her daughter's 
(11.2) lymphocytes, although П.2 carries obviously in her 
organism both HLA haplotypes of her mother. The stimulation 
Observed is in good agreement with a one HLA haplotype 
difference between both individuals. This lack of immunological 
tolerance demonstratés that all the cells of IL2 which express 
HLA-D gene products (lymphocytes, monocytes!!, epithelial’? 


and endothelial cells?) do not possess the HLA haplotype АЗ, 


Bw35, Cw4. 

Fibroblasts of 0.2 have been cultivated from skin biopsies of 
both forearms. The typing results of all the markers tested for in 
these cells (acP-1, PGM-1", EsD, GLO-1 and HLA) were 
identical to the findings obtained using blood cells. 

The karyotypes of all family members were analysed using Q-, 


G- and C-banding techniques. There was no ‘evidence for, 


numerical . or structural abnormalities and, checking 
chromosome polymorphisms, no mother-child exclusion could 
be found. The mother II.2, in particular, showed in her lympho- 
cytes and in her fibroblasts the normal female karyotype 46, XX. 








Table2 Results of unidirectional mixed | cultures MLO m in 
family Eiw. expressed in c.p.m. of “H-thymidine uptake É 
Stimulators (X-irradinted) — 
Responders L2x IL2x x* 
L2 716 17,154 60,279 ` 
IL2 9 1,319 26,007 
UR* 55,783 33,825 . ' 951 





The numbers represent the mean- iiid of *H.thymidine uptake in 
triplicate tests. 
* Unrelated control person. i 


* PGM-1" not tested, PGM-1 phenotype of I.1 in starch gel electrophoresis: 2-1. 
t Mother-child exclusions without taking into account the father II.1. 


chromosome 1- 


PGM-1* Bf 
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An interchange of all four children, a priori improbable, co 
be ruled out by interrogating the staff of the obstetric 
ment in which the four children had been born. Furthermore the 
mother IL2 has no twin sibling and does not show in her 
circulation more than one erythrocyte and/or lymphocyte 


population. 


The findings in this family clearly show that IL2 possesses in 
her organism at least two populations of genetically different 
cells, one demonstrable in her blood as well as in the fibroblasts, 
and the other one in her gonads; therefore, she must be consi- 
dered a chimaera. Although the analysis of the genetic markers 
carried by the different cell populations of П.2 gives no evidence 
for the involvement of two sperms, the most simple explanation 
of this observation is to assume a dispermic chimaerism. The 
cells with the HLA haplotype АЗ, Bw35, Cw4 present in the 
gonads of П.2 must have a rather restricted tissue distribution, as 
the cells of ectodermal and mesodermal origin studied do not 
carry the HLA-D determinant coded for by this haplotype. 

Thus this family demonstrates the existence of chimaeras who 
do not show different populations of ervthrocytes, lymphocytes 
and fibroblasts and can be detected only by the analysis of their 
progeny. Such individuals must be extremely rare, but the 
practical implications of this observation for problems of paren- 
tage are clear. 

We thank Prim. Dr Müller-Hartburg for drawing our atten- 
tion to this case, Dr H. Ludwig for skin biopsies and Dr C. Moser 


for the mixed lymphocyte culture. 
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in con- 
utants 
wd our 
^which 
P wild-type 


. esting conditions are 
«ster of the Canton-Special 

„cated with the mutagen ethyl 

- progeny jo were bred from 
ued-X method’. This yield stocks of flies in 
^, have identical, mutagenised X chromosomes. 
a each stock were selected under CO, anaesthesia and 

wed for testing 1-3 days later. To screen for mutants with 
abbreviated memory retention, we trained flies from eath 
mutagenised population by exposing them 10 times to a chem- 
ical odorant, 3-octanol, in association with shock’, then left 
them undisturbed for 45 min to give 'them an opportunity to 
forget. The flies were tested by running them alternately towards 
(1) a tube containing 3-octanol (О), the odorant they had. been 
taught to avoid, and (2) a tube containing 4-methylcyclohexanol 
(M) a novel, control odorant. Figure 1 shows the number of flies 
which avoidéd' each. То. control for odour bias, flies 
which had been trained to avoid M were tested in the same 
apparatus. The index of learning, A, is the fraction of the 
population avoiding the shock-associated odour, minus the 
fraction avoiding the control odour, averaged for the two halves 
of the experiment. (АП A values reported heré are mean 2-s.e.m. 
for 10 experiments.) In these conditions, wild-type flies learn 
and retain selective 'avoidance for 45 min. Seven, hundred 


mutagenised stocks were tested; one, amnesiac (атп!) gave c 


reproducibly poor performarice in this paradigm." 

The amnesiac males selected above were used to breed a pure 
stock of mutant males and females: Male amn flies were mated 
to females carrying the X-chromosome balancer FM7a (ref. 6 


50 aT 
e PIS 





Fig. 1 Measuring memory retention of mutagenised stocks. a, 
Training: a population of 30-50 flies was taught to avoid a specific 
odour. The light attracted the fles from the start tube into а 
contiguous tube containing a chemical odorant (either 1p 3- 
octanol.(O) or 2 yl 4-methylcyciohexanol (M), spread on an 
electrified grid (60 Hz, 90 V a.c.). After 60 s, the files were shaken 
back into the start tube and another training run was begun. This 
cycle was repeated for 10 runs. b, Waiting: flies were left undis- 
tarbed for 45 min in dim light at room temperature (22°C). с, 
Testing: the sliding counter-current apparatus’ allowed the fresh 
start tube; with flies, to be shifted opposite either of two (non- 
olectrified) grids, one spread with O, the other with M. The flies 
were shifted opposite the O grid and given 15 s to run, after which 
the flies remaining in the start tube were counted. After 45 s rest in 
the ‘rest’ tube (without grid), they were shifted opposite the M tube 
and their avoidance was similarly scored. 


01280836/79/0271—0212$01 00 


Nature Vol 277 18 January 1979. 


Table 1 Latent memory in normal and amnesiac flics 





Ay Ag’ 
(fies trained (flies trained 
twice to to opposite 
same odour) odours) : À1—Àa 
No anaesthesia . 
C-S. 0.24 x 0.02 0.01+0.03  0.2340.04 5 
amnesiac 0.28 +0.03 0.03+0.01 0.24+0.04 
Anaesthesia 30 min after 
first training seesion 
CS . 0.20 +0.03 0.07+0.01 0.13+0.03 
amnesiac 0.17+0.02 0.04+0.01 0.13+0.03 





Populations were trained 10 times to avoid О or M aa in Fig. 1, thon 
left undisturbed for 45 min. Flies were then given a single cycle of 
traimng’, which conmsted of a 30-s run towards an odour (O or M) with 
shock, a 30-s wait, and a 30-s run towards the control odour (M or O). 
without shock. Thirty seconds later the flies were tested as usual. The 
four possible combinations of two aversive training sessions were run 10 
times each. Scores from flies trained against the same odour in both 
sessioná (О > О and М М) were averaged to give A; values. Similarly, 
scores from flies trained against ‘opposite odours (OM and MO) 
give A, values. Learning indices are calculated relative to the last 
training seasions: positive difference between the two A values indicates 
that the earlier training session affected behaviour. Such a difference is 
present for both normal and amnesiac flies. Moreover, in both geno- 
types, the difference persists when the files are briefly anaesthetised 
30 min after the first training sessions. Therefore cryptic memory, 
present in атш Nes, can be consolidated the Jon feras (anne 
thesia-resistant) form. 


and C-S autoéotnes. Female FM7a/amn progeny were ' mated to 
amnesiac inales, yielding F, progeny from’ which a pure stock of 
hemizygous amn males and homozygous amn/amn females 
could be selected by the absence of Bar, a dominant visible 
marker on the FM7a chromosome. All subsequent experiments 
on amnesiac were done with mixed males and females, 3-5 days 
old. f 

The 10-trial training procedure above is a modification of the 
original learning paradigm to give enhanced memory retention. 
It was used only for mutant screening and in genetic mapping 
and latent memory experiments as specified below. All other 
memory measurements were made using the basic olfactory 
paradigm of ref. 1. This is similar to the procedure in Fig. 1 
except that it uses 3 training trials instead of 10, and during 
training, flies ate alternately exposed to both O and M (one with 
shock, one without), to provide an internal control for sensitisa- 
tion. In this olfactory paradigm the expression of learning is c 
statistical; even in our best conditions only a third of the flies 
show learning in any given trial. This limits our understanding of 
what individual flies in the population are doing. However, we 
have previously found that normal C-S flies appear to be homo- 
geneous in their capability to learn; the selective avoidance 
observed is not due to an ‘intelligent’ subset of the population’. 
A likely reason for our relatively low learning scores is that the _ 
task we have chosen—olfactory discrimination and active avoi- 
dance—is a difficult one for Drosophila. In fact, the flies learn 
much better in a simpler paradigm, as that originally developed 
for cockroaches by Horridge". Of 25 normal individuals tested 
24 (96%) consistently lifted their legs to avoid shock (data not 
shown). А 

Populations of amnesiac and normal C-S flies were trained іп. 
the olfactory paradigm, left undisturbed for various intervals, 
then tested to obtain the memory decay curves in Fig. 2. 
Immediate learning in the two stocks is similar, but memory in 
amnesiac flies decays rapidly and is undetectable 60 min later 
(avoidance of both shock-associated and control odours 
decreases, so that 60 min after training the behaviour of 
amnesiac is undistinguishable from that of untrained flies). In 
contrast, memory in C-S persists for 6 hours in these conditions". 

Some uninteresting explanations for amnesiác's forgetfulness 
have been ruled out. The decline in the mutant’s performance is 
not due merely to lethargy at testing time. Populations were 
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‘0 ; 157 30 ' ` 45. 60 
| Time after training (min) : 
Fig. 2 Memory retention of normal (dashed lipe) and amnesiac 
(solid line) fies. Populations of C-S and amnesiac flies were given 
fre e ee 
tested (procedure is as in ref. 1, except that flies were shifted to 
fresh tubes just before testing). The two genotypes were trained 
and tested simultaneously 


trained, left. for 45 min, then given brief (30-8) electric shock, in 
an attempt to re-invigourate them, and tested. The mutant still, 
' failed to demonstrate memory [A(amn) = 0.03 +0.03, A(C-S) = 
.0.15 + 0.02]. To find out whether the memory decline is a result 
ofa general deterioration in amnesiac's capabilities brought on 
by trauma in training, flies were trained, left for 60 minutes, 
trained agdin (half to the same odour, half to the other) and 
immediately tested. The mutant still had normal capacity for 
learning (A = 0.32 +0.02): · 

The sensory and motor abilities of amnesiac appear formal: 
Phototaxis as measured by countercurrent distribution’ is 
similar to C-S. Mutant flies show normal avoidance of electrified 
grids, jump when sbocked, and hàve normal leg-to-leg resis- 
tance of about 10? (1 (ref. 3). The sensitivity of amnesiac to the 
odour cues used is also similar to the parent strain. Normal flies 
have a slight intrinsic tendency to avoid the odorants O and M, 
which is overcome in the learning paradigm by strong phototac- 
BEGUN UNA ы аш вез, This aversion can be used to 


Table 2 Mapping the amnesiac mutation 


ty 


- Memory (A) 45 min after 
. Class. training 
Parental chromosomes: 
amnesiac ; 0.04 +0.01 (n » 14) 
sceccoció og’ f 0.19 ::0.03 (n = 27) 
Recombinant chromosomes: р ` 
ec co ct? vg? f 0.21::0.06 (n = 9) T 
co ct o g? f 0.15 0.02 (n = 9) 7 
cf og f 0.10+0.01 (п = 8) 
vg f .0.14x:0.01 (416). ~ 
gf 0.15+0 03. (n = 14) 
f 0.172:0.02 (я = 17) ` 
sc | ` 0.01 + 6.03 (n = 10) 
xec - 0.06 +0.02 (n m 12) . 
aC ec CD DC t 0.10 +0.02 (m= 8) ‘ 
` sc ec co ct$ 0.04 + 0.03 (n-« 9) 
sc ec co et D 0.03 +0.03 (n = 10) 


wx eC CD CÍ vg? 0.05 +0.03 (n = 9) 





Memory scores, 45 min after training, are shown for parental 


memory scores; chromosomes with forked* have low scores. This places 
‘the location of the amnesiac marker. very close or io the right of forked, 
near the centromere of the X chromosome. ' 
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measure the flies’ olfactory capability in a ‘choice chamber’—a 
T-maze in which flies are passively transported to the choice 
point. One arm contains a defined amount of odorant; the other 
is left blank?. In this test, the odour avoidance behaviour of 
normal and amnesiac flies was indistinguishable. The fraction of 
the population which avoided O (2 Ш per tube) was 0.83 +0.03 
for amnesiac, and 0.81 + 0.04 for C-S. The fraction avoiding M 
e а ыо 65 +0. 06 for amnesiac, and 0. 70+0.03 for 


E also measured amnesiac's memory using other odour 
cues. Flies were trained and tested as in Fig. 2, except that 
amylacetate and benzaldehyde? (both 2 plpergrid) were 
substituted for O and M. As before, the mutants learned 
normally (A(amn)=0.31, A(C-S)=0.30+0.01) but forgot 
quickly; 45 min after training A(amn) = 0.02 +0.01, while A(C- 
S) = 0.152 0.02. 

Drosophila, like higher animals, has separate memory storage 
phases—short-term memory, which is sensitive to cold anaes- 
thesia, and long-term memory, which is поб. It seemed possi- 
ble that the amnesiac mutation acted by blocking consolidation 
into long-term memory. Testing this idea directly is impossible, 
because memory in the mutant is virtually undetectable by the 
time consolidation would normally take place. Therefore, to 
lengthen amnesiac's memory span, we increased the number of 
training trials and adopted a procedure akin to the psychological 
technique of ‘savings measurement’, in which memory can 
interact with more recent learning. 





. 0 15 30 45 60 
Time after traming (mm) 


Fig. 3 Memory retention in normal flies (dashed line), turup 

mutanta (X), and turnip/ + heterozygotes (solid line). Method as in 

Fig. 2. The heterozygotes did not regain thelr memory later; 
learning indices at 20 and 60 minutes remained near zero. 


We shocked flies 10 times in conjunction with either O or M, 
left them undisturbed for 45 min to forget, then gave them a 
single training run to one of the odours and tested them. All four 
possible combinations of the two training sessions were run, that 
is: О> О, Мэ M, O^ M and M О. If letent memory from the 
first training session were present to interact with learning from 
the final.training cycle, populations which had been trained to 
avoid the same odour in both sessions (O+O and M M) 
should show higher learning scores than tions trained in 
opposite directions (O > M and M > O). Table 1 shows that this 
was the case, for both normal and amnesiac flies. Moreover, for 
both genotypes, the effect of the first training session was largely 
resistant to brief cold anaesthesia applied 30 min later. The 
amnesiac mutants, like normal flies, can convert their memory 
into anaesthesia-resistant form; so the mutation does not block 
consolidation into long-term memory. 

More surprisingly, Table 1 shows that in these conditions the 
earlier training has quantitatively similar behavioural effects in 
normal and amnesiac flies. Apparently, memory is present in 
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the mutant. It is cryptic after the first training session, inac- 
cessible to. direct expression (A= 0.02 +0.02) but can interact 
with more recent learning to affect behaviour just as in normal 
flies. This suggests that the amnesiac mutation affects memory 
retrieval rather than storage. 
Genetically, amnesiac behaves as a sex-linked recessive. 
Memory of amn/+ heterozygotes 45 min after training was 
normal (A —0.182:0.03). The mutation was mapped on the X 
chromosome using methods similar to those of Dudai er al^. 
Female amnesiac flies were crossed with males carrying the 
visible X-linked markers scute, echinus, cut®, vermilion, garnet’, 
forked. Recombinant F, males were collected and scored for the 
visible markers. These could not be tested directly for the 
presence of amnesiac because the markers affect the per- 
formance in learning tests. Therefore, recombinants were 
individually mated to amnesiac females, producing female pro- 
geny in which the recessive visible markers were heterozygous, 
and not expressed. These F, females are homozygous for атп if 
the mutation was present in the F, male; if the females forget 
rapidly one can infer that amn was present in the original 
recombinant. Table 2 shows memory scores of progeny from the 
various recombinant types. It can be seen that the amnesiac 
mutation maps near or to the right of forked (1-56.7) on the X 
chromosome. Preliminary data from a second cross suggest that 
amn lies between forked and carnation (1-62.5). 
We originally set out to isolate mutants affected in memory (in 
contrast to those blocked in immediate learning) because 
memory mutations should act in the central nervous system. The 
fact that amnesiac learns in the first place indicates that its 
sensory and motor systems are functioning properly. Moreover, 
the action of memory mutations should be relatively well 
defined. To learn, a fly must sense cues and reinforcement, 
transmit the information to the proper neural centre, encode the 
association, and later convert it to appropriate motor output. 
This is a series of complex processes; a mutation could affect any 
of them. In contrast, memory retention requires two things— 
that information be stored in a relatively permanent form and 
that it be accessible to retrieval. We believe the amnesiac 
mutation affects one of these, probably accessibility to retrieval. 
Further understanding of the mutation's action on memory will 
depend on finding anatomical or biochemical abnormalities in 
amnesiac flies. 
Gaining substantive information about memory retention will 
probably require more than one mutant. It is worth noting that 
other mutations can affect memory. Y. Dudai (personal com- 
munication) has evidence that dunce flies? store learned 
information in a labile form for a very short time after training. 
We have isolated a mutant, turnip(tur®®’”*) which is apparently 
blocked in immediate learning. The heterozygote, turnip/ + 
learns normally but forgets very rapidly (Fig. 3). A plausible 
explanation for this situation is that the homozygote, more 
severely affected in retention, forgets immediately after training 
so that no learning can be detected. 
We thank Seymour Benzer and F. X. Marble for help with the 
manuscript, Duncan Byers and Seymour Benzer for cantonised 
stocks of C(1)RM and FM7a. This work was supported by grants 
from the NSF and NIH. R.B. is an NIH trainee. 
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Interactions between 
Entamoeba histolytica and complement 


THE pathogenic mechanisms in amoebiasis are not fully under- 
stood. Histopathological studies of infected tissues have shown 
lysis of host cells near the parasites, particularly in the liver 
where abscesses are formed. In the intestine, inflammatory 
reactions are often slight, unless there is secondary bacterial 
involvement. The infiltrating cells belong mainly to the 
lymphocyte and macrophage cell series, and neutrophil leuko- 
cytes are sparse‘, suggesting that there is a low-grade chronic 
inflammation. Tacheuchi and Phillips? have made systematic 
studies of experimentally infected germ-free guinea pigs, which 
have revealed the early events in invasive amoebiasis. When the 
amoebae had not yet made contact with the colonic epithelial 
cells, the latter showed degenerative changes such as loss of 
brush borders, swelling of mitochondria and dilatation of the 
endoplasmic reticulum. At the same time polymorphonuclear 
leukocytes (PMN) as well as some macrophages were seen to 
infiltrate the lamina propria, and extravasated erythrocytes were 
observed in the same areas. A high proportion of the PMN 
showed signs of degeneration, including disruption of the cell 
membrane. As changes were observed some distance from the 
parasites, Tacheuchi and Phillips’ concluded that the parasites 
exert their effects by means of a soluble mediator(s), possibly a 
toxin elaborated by the parasites. Another possibility is, that 
enzymes released from amoebae damage both epithelium and 
PMN. A third explanation would be that the amoebae can 
interact with host material to generate factors which are chemo- 
tactic for leukocytes and can also exert toxic effects. A likely 
carididate would be the complement system. For this reason, the 
experiments described here were undertaken to analyse inter- 
actions between amoebae and the complement system. IgG 
antibody fractions were prepared from sera of individuals 
suffering from amoebiasis, and unheated sera from normal 
humans or experimental animals were used as a source of 
heat-labile complement components. We found that Entamoeba 
histolytica activates complement by the alternative pathway, 
and can be lysed by the reaction products. 








Table 1 % Of amoebae lysed by human sera in various experimental 
conditions 
Unheated Unheated Unheated 

Serum Unheated Heated +EDTA +EGTA -properdin 
BF 37 2 2 43 5 
GH 46 2 5 50 2 
BH 42 3 1 51 NT 
IC 39 1 3 44 NT 
PH 43 2 6 46 NT 
Normal 

rabbit NT 3 NT NT NT 





Hk 9 strain of E. histolytica, cultivated axenically, Normal human 
sera, lacking demonstrable antibodies, were diluted 1 : 3 without heating 
or after heating at 56 °C for 30 min; EDTA or EGTA were used in final 
concentration of 5 mM. Assays were carried out in cytotoxicity trays 
(Moller-Coates), using 6 pl containing about 200 amoebae. Assays were 
carried out in quadruplicate using 0.1% trypan blue, counting a total 
number of 400-500 cells. Sera were depleted of properdin by affinity 
chromatography on an anti-properdin-activated Sepharose column at 
4°C in the presence of 10 mM EDTA (ref. 14) which was later removed 
by dialysis in the cold. After this procedure the serum was still capable of 
lysing amoebae in the presence of antibodies. 


Two strains of E. histolytica, Hk 9 and NIH 200, were grown 
in culture. When amoebae from either one of these strains was 
incubated in fresh human serum without detectable antibodies, 
a high proportion of the amoebae were lysed, as shown by 
marked morphological changes, including disruption of the cell 
membrane and expulsion of nuclei. These results were 
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VA Lysed amoebae 
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Fig. 1 % Dead amoebae (Hk 9) after incubation for 10, 20 and 
30 min with unheated or heated normal human serum diluted 1: 2 
in phosphate-buffered saline, р 7.4, containing Са2* and Mg** 
(PBS) a, @, Amoebae preincubated for 30 min at 4°C with the ' 
IgG fraction of a‘ human serum containing antibodies to E. histoly- 
tica. The fraction was obtained by von-exchange chromatography . 
on & DEAE Sephadex A50 column. Immunofluorescence with 
class-specific antiglobulin conjugates showed an IgG titre of 40, 
IgM and IgA negative. After interaction with IgG antibodies, fresh 
unheated human serum with no detectable antibodies was added to 
_ give a final dilution of 1: 2. О, Amoebas preincubated at 4°C for 
30 min in PBS followed by reaction with unheated serum C, 
Preincubation with IgG antibodies followed by heated serum. A, 
Preincubation in PBS followed by heated serum. b, O, Prein- 
cubation with IgG antibodies followed by unheated serum +5 mM 
EGTA. @, Preincubation without antibodies followed by unheated 
d А | serum +5 mM EGTA. 


Yos 


confirmed by the release from prelabelled cells into the medium 


of either ?H-uridine or !*C-a-isobutyric acid. However, the use: 


of isotopes was somewhat less sensitivé, as well as less con- 
venient, than morphological observations, and for most 


experiments the latter were used. Thé lysis was inhibited 'by' 


5 mM EDTA, which chelates both Ca?* and Mg** ions, but not 
by 5 mM EGTA, which selectively chelates Са?* ions. When 
sera were depleted of properdin, lysis did not occur (Table 1). 
Lysis was efficient in the présence of *»5096 normal guinea pig 
serum as well as C4-deficient guinea pig serum, in which there is 
a complete block of the classical pathway (Table 2). Р 


Two distinct. effects of antibodies were demonstrated. If. 


amoebae were incubated with the IgG fraction of an antiserum 

_and then with unheated serum, accelerated lysis was observed, 
presumably due to classical pathway activation. However, the 
lysis occurring in the presence of EGTA was markedly inhibited 
(Fig. 1). This may be due to steric hindrance by antibodies of 
access to groups on the amoeba surface with alternative-path- 
way activating properties. ` 

Immunofluorescence showed the presence of C3 ora deriva- 
tive with the same immunological reactivity on the surface of the 
amoebae. Capping followed by endocytosis occurred in a similar 
way.to that described by Aust Kettis and Sundqvist? in their 
studies of the capping of specific antibodies on the surface of E. 
histolytica: 

These observations demonstrate that E histolytica 1s able to 
activate complement by the alternative pathway and that the 
parasites can be lysed by the reaction products. Furthermore, 
sera from rabbits congenitally deficient in.C6 gave markedly 
reduced ly$is compared to sera from normal rabbits, and 
depletion of normal human serum of CS by affinity chromato- 
graphy abolished its capacity to lyse amoebae. Thése findings 
indicate that lysis is due to the 'terminal ы: 
components (C5-C9). р 

Serum dilutions higher Һат 1: 10 resulted i in very little lysis. 
Experiments were designed to ascertain whether such sub-lytic 
concentrations of complement. might stimulate amoebae to 
increased secretion of hydrolytic enzymes іп:а manner analo- 
gous to the.secretion-stimulating effects of immune complexes* 
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and isolated C3b (ref. 5) on macrophages. In repeated experi- 
ments it was found that both the total concentration and release 
of the acid hydrolase N-acetyl-B-D-gluccsaminidase (NA Gase) 
were increased in amoebae which were grown in the presence of 
5-10% unheated serum, in contrast to comparable amounts of 
heated serum (Fig. 2). 

The relevance of these observations to the pathogenesis of 
amoebiasis is not yet known. Activated complement may parti- 
cipate in defence against amoebae. Nevertheless, despite the 
lytic effect of complement, E. histolytica can in many instances 
survive in the tissues. Continuous turnover of parasite cell 
membrane components accompanied by change in distribution 
of complement receptors may contribute to their survival in the 
host. Moreover, in the intestinal wall the concentration of active 
complement components may be at the limit of what is required 
to lyse the parasite. In this situation complement cleavage 
products, such as C3b, might stimulate the amoebae to increased 
production and release of hydrolytic enzymes. Such enzymes 


E Agoo 





24 48 72 


Tume (h) 


Fig. 2 a, Total amount of NAGase per 1000 amoebae; b, 
amount of enzyme released into the medium per 1000 amoebae. Е. 
hustolytica (NIH 200) was cultured in 1.8-ml glass tubes with screw 
caps (PBG-Trident) in medium TPS-1 with the addition of either 
10% heat-inactivated or 5% heat-inactivated and 5% unheated 
human serum. At 22, 28, 49 and 72 h four tubes in each series were 
chilled in an Ice bath, shaken in a whirl mixer and 1 mi removed for 
parasite counting in а Coulter Counter Industrial B. The remainder 
were centrifuged for 5 min at 1,500 r.p.m. Enzyme assay according 
to Woollen et al was carried out on supernatants and cells. @, 
10% heated human serum; О, 596 heated+unhbeated normal 
serum. 
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seem to be involved in the pathogenesis of many chronic 
inflammatory conditions, and the combined effects of activated 
complement, leukocyte products and amoebic enzymes prob- 
ably contribute to the lytic and reactive changes observed in the 
tissues of patients with invasive amoebiasis. 





Table2 % Of amoeba lysed by normal and C4-deficient unheated and 
heated guinea pig serum in various experimental conditions 





Serum % Dead parasite cells 
Unheated 57 
Unheated+ EDTA 2 
Unheated+ EGTA 75 
Heated 5 
C4 deficient, unheated 54 
C4 deficient, heated 3 





E. histolytica strain NIH 200 was incubated with 3:4 dilutions of 
guinea pig sera. Other experimental conditions as for Table 1. 


Capacity to activate complement by the alternative pathway 
has also been reported for other parasites, including Try- 
panosoma cruzi”, African trypanosomes, including the variant- 
specific antigen*-'', and Schistosoma mansoni "^. Schistosomula 
incubated with normal serum activate complement by the 
alternative pathway, and the C3 on the surface of the parasites 
allows attachment of eosinophils and killing of the parasites’’. 
Hence, activation of complement by the alternative pathway can 
not only lyse parasites directly, as described here for entero- 
pathic amoebae, but also render parasites susceptible to 
complement-dependent cell-mediated lysis. Complement 
activation, presumably initiated by surface glycoproteins of 
parasites, may be a relatively common phenomenon, contribut- 
ing on the one hand to host protection and on the other hand to 
the pathogenesis of parasitic diseases. 

Sera from rabbits congenitally deficient in C6 were obtained 
from Professor K. Rother, goat anti-human C5 serum was 
provided by Dr D. R. Schultz, strains of E. histolytica by Dr L. 
Diamond, absorbed rabbit anti-properdin serum by Dr C. O. 
Kindmark, and C4-deficient guinea pig serum by Dr P. Lach- 
mann. 
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HLA and testicular cancer 


HLA 15 involved not only in transplantation, but is also asso- 
ciated with many disease states. This first became evident when 
the major histocompatibility complex of the mouse (H-2) was 
shown to play a major part in determining resistance to Gross 
leukaemia virus’. Subsequent studies in both animals and man 
have shown that many disease states are associated with, and 
perhaps regulated by, the major histocompatibility complex^". 
We now present the tissue typing results from a group of patients 
with testicular cancer. The results show an abnormally high 
antigen frequency for HLA-Dw?7 in patients with testicular 
teratocarcinoma. 

The study population consisted of 61 patients from the Uni- 
versity of Minnesota. Thirty patients had seminoma, 27 had 
embryonal cell carcinoma, 26 had teratocarcinoma, and 7 
patients had choriocarcinoma (some of the patients had mixed 
tumours). All patients had completed treatment (surgery, 
radiotherapy, and/or chemotherapy) and were clinically free of 
disease at the time of testing. Peripheral blood lymphocytes 
were obtained on each individual by Ficoll-Hypaque density 
centrifugation* and frozen at a controlled rate in 10% dimethyl 
sulphoxide and RPMI 1640 with 25mM HEPES (Micro- 
biological Associates) supplemented with 20% pooled human 
serum (PHS), heparin (20 IU ml '), L-glutamine (0.2 mg ml"), 
streptomycin (100 pg mI) and penicillin (100 IU ml"). The 
cells were stored in vapour phase liquid nitrogen until ready for 
analysis at which time they were thawed rapidly at 37 °С and 
diluted with 5% PHS, washed twice, and resuspended in culture 
media for testing. All cells were tested for 52 HLA-A, HLA-B 
and HLA-C specificities by ће NIH standard technique". HLA- 
D assignments were made by homozygous typing using at least 
22 typing cells covering all HLA-D specificities except HLA- 
Dw8 and HLA-Dw9. Homozygous typing was performed in. 
round-bottomed microtitre plates using 5 x 10* responders and 
5 x 10° stimulator typing cells inactivated with 5,000 rad from a 
137Cs source (3.2 min). Cells were suspended in 0.2 ml of 20% 
PHS and incubated in a 37 °C, 5% CO; and air atmosphere for 6 
days. They were then terminated immediately after a 6-h pulse 
with 1.0 pCi 7H-TdR (6.7 Ci mmol" ', NEN). Cells were collec- 
ted on an automated harvester. Results were ‘double-normal- 
ised' and typing responses were assigned to those cells that gave 
less than 3596 DNV. The reactivity of patient cells was checked 
by stimulation with purified PHA (HA-17) (Wellcome), and 
only those patients responding in the same range as normal 
control cells (typed simultaneously with the tumour patients) 
were included for the HLA-D typing results. Antigen frequen- 
cies were then calculated for the tumour group asa whole as well 
as for each of the groups of patients with seminoma, embryonal 
cell carcinoma and teratocarcinoma, and compared to normal 
control values (n = 561 for HLA-A and HLA-B, 171 for HLA- 
C and 150 for HLA-D specificities) obtained from a random 
population of the same geographical area as the tumour 
patients. Significance was determined by х? analysis and P 
values were corrected to account for chance significance; Р < 
0.01 was considered significant’. 

The antigen frequency of HLA-Dw7 was significantly 
increased in the teratocarcinoma group (12/26, P « 0.01) as 
compared to normal control values (14/150) (Table 1); the 
difference, however, was not detected in either of the seminoma 
(7/24, not significant), choriocarcinoma (0/7, NS) or embryonal 
cell carcinoma groups (7/24, NS) or the total patient group 
(15/53, NS). (Six patients were eliminated from the original 
seminoma group (30) and 3 patients from the original embry- 
onal carcinoma group (27) for HLA-D typing because of 
inadequate reactivity to HA-17.) The relative risk (which is a 
calculated term that represents the risk of developing a disease 
in an individual possessing a particular HLA antigen as 
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Table 1 Frequency of HLA-D determinants in patients with testicular 
teratocarcinoma and controls 
Patients with 

Normal controls teratocarcinoma 
Determinant (%) (%) P value 
Dwi 19/150 (13) 7/26 (27) NS 
Dw2 ©) 19/150 (13) 3/26 (12) NS- 
Dw3' 21/150 (14) :6/26 (23) 7 М8 
Dw4 12/150 (8) : 2/26 (8) NS 
Dw5 7/100 (7) 1/26 (4) NS 
Dw6 0/50 (0) 1/26 (4) NS 
Dw7 14/150 (9) 12/26 (46) <0.01 
Dw10 5/150 (3) 0/26 (0), . NS 
Dw11 18/150 (12) 0/26 (0), NS ` 
Single blank 69/168 (41), 8/26 (31), _NS 
Double blank , 30/168 (18) 6/26 (23) | NS 


HLA-D typing was performed as described in the text. Lymphocyté, ` 
responsiveness for cach patient was checked by response to purified: 
PHA (HA-17). 5 x 10* cells were incubated in 0.2 ml of 1:100 HA-17. 
Cultures were (с, at 96h unmediately after a 6-h pulse with ` 
1.0 pCI *H-TdR (6.7 Ci mmol!) Only those cells responding in the ` 
range of normal controls were included in the HLA- D typing results. All’ 
HLA-Dw?7 assignments were made by typing responses to HTC JB- 12 
(пршей to the Seventh’ International Histocompetibility Workshop, - 
Oxford, as 7w542) and HTC 56 (submitted as 7w534). One teratocar- 
cinoma patient was assigned HLA- Dw1, Dw6, Dw7 and included m the 
HLA-Dw7 group; however, if this patient were excluded from analysis, • 
tae ar ee HIA Dw antigen frequency would эш Бе significent 
(11/25, P<0. 00. NS, not significant 


XT Aw es ы quee ge 


"E 


compared to an individual lacking that antigen) between HLA- 


Dw7 and teratocarcinoma was 8.32. The association between : 
HLA-Dw7 and teratocarcinoma, although statistically 
significant, should be interpreted with the understanding that 


the HLA-D assignments are based ‘on reactivity of responder: : 


(tumour patients") T cells which can be affected by the presence : 
of cancer as well as its various modes of treatment. In order to 


reduce this source of error, lymphocyte reactivity from each ' 


study patient was checked with purified PHA (HA-17) and only 
those responding in the same range as normal control cells were 
included in the HLA-D typing results. - 

The biological significance of this as well as other disease 
associations with HLA is, as yet, unknown. However,- four 
possible mechanisms have been suggested. (1) HLA antigens 
may -cross-react with pathogen antigens leading to cross- 
tolerance; the pathogen,’ then would not Ье subjected to the 
bost's immune mechanisms. (2) HLA antigens may function as 
cell surface receptors for particular pathogens similar to the 
association between malaria susceptibility and Duffy red blood 
cell antigens’. (3) There may be a genetic linkage between genes 
controlling the expression of HLA antigens (which serve as 
markers) and genes controlling immune responsiveness of the 
host and likewise, (4) HLA antigens may serve as markers for 
specific genes causing deficiency of specific normal proteins 
similar to the HLA linked genes regulating levels of second and 
fourth components of complement’. 

Irrespective of which of these mechanisms apply, the asso- 
ciation between HLA and testicular teratocarcinoma is especi- 
ally interesting for two reasons—first, it has been suggested that 
heredity may be an aetiologic factor in the development of 
testicular cancer because at least 18 cases of familial testicular 
cancer have been reported’. And second, there i isa relationship 
between teratocarcinoma and H-2 in the mouse”; specifically, 
the H-2 linked T/t complex which exerts control over embry- 
onic differentiation, male reproduction including sterility and 
transmission ratio distortion, ‘and ‘crossing over frequency 
between T/t and H-2 (refs 11, 12) also controls the expression 
of an embryonic.antigen, F9, that i is expressed on adult terato- 
carcinoma cells’**, In addition, the F9 antigen is similar to H-2 
antigen in molecular weight and subunit structure and may, in 


217 


fact, represent an embryonic equivalent of histocompatibility 
antigens“. ' 
The association between the human major histocompatibility 
complex (HLA) and testicular teratocarcinoma 18 therefore of 
interest considering the homology between mouse and the 
human major histocompatibility complex. First, because F9 and 
H-2 K and D region antigens have closely associated molecular 
and subunit structures’’, a similar teratocarcinoma associated 


' antigen in the human may cross-react with HLA (HLA-Dw7) 


leading to a state of 'cross-tolerance' which would support one 
of the theories of НГА and disease association. Second, 
considering’, the established relationship between the major 
histocompatibility complex, the T/t complex, and teratocar- 
cinoma in tHe mouse system, a relationship between HLA-Dw7 
and teratocarcinoma may add support to the existence of a MHC 


'» linked 'T/t like’ region in the human. This concept is further 
ы» supported by the association between HLA and spina bifida 


which may be considered to have morphological similarities to 
those controlled by the T/t complex. In addition, there are 
antigens cross reacting with F9 on human sperm" as well as on 
human teratocarcinoma!?. ' 

Thus, in the mouse there i is a structural and developmental 
association between a teratocarcingma associated antigen (F9) 
and the major histocompatibility complex. The association of 
HLA-Dw7 with testicular teratocarcinoma could lead to similar 
studies in the human that will further explain the function of the 
human major histocompatability complex. ' 
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dation and American Urologic Association. We thank Dr Elwin 
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Specific antibody-secreting cells 
generated from cells 

producing immunoglobulins 
without detected antibody function 


STUDIES of immune responses in rabbits, rats and mice have led 
us to describe a population of differentiated immunocytes 
synthesising and secreting immunoglobulins without detectable 
antibody function for the antigens injected! (IFC). These cells 
were antigen induced and appeared before the antibody-form- 
ing cells (AFC). The proliferation of IFC after antigenic stimu- 
lation can be explained by several hypotheses, the most plausi- 
ble being that antigen-stimulated T cells release nonspecific 
factors which trigger clones of B cells bearing membrane recep- 
tors unrelated to the inoculated antigen. Such an explanation 
has been advanced by several authors?” but experiments per- 
formed in our laboratory do not support such polyclonal activa- 
tion. Indeed, some cells contained both antibodies and 
immunoglobulins without detectable antibody function in 
different areas of their cytoplasm’*. Furthermore, some com- 
mon idiotypic specificities were expressed by both AFC and IFC 
(ref. 5). Based on these findings, and additional studies on the 
developmental kinetics of IFC and AFC in animals with 
different immunological status, which indicate that there is a 
close relationship between these two cell populations, we put 
forward the hypothesis that AFC might be recruited among IFC. 
That is, that these two cell types represent two stages of 
differentiation of the same cell population. To test this assump- 
tion directly we performed experiments at the single cell level 
with micromanipulated and individually cultured IFC and found 
that at least some of these cells generate specific AFC. 

Aduit C57BL/6 strain mice were immunised by injection of 
horseradish peroxidase (PO) emulsified in Freund's complete 
adjuvant into both hind footpads. Six days later, cell suspensions 
were prepared from their popliteal lymph nodes and tested for 
the presence of AFC and IFC. Anti-peroxidase antibody- 
secreting cells (AFC) and immunoglobulin-secreting cells were 
detected by Cunningham’s® and reverse"? local haemolysis 
plaque assays respectively (see legend to Table 1). At this time, 





Table1 Number of IFC, anti-peroxidase and anti-SRBC AFC per 10° 
viable lymph node cells after 24 h of mass culture* 





Anti-peroxidase AFC Anti-SRBC AFC 


Direct Indirect Direct Indirect 
{FC plaques plaques plaques plaques 
8722474 1+4 4+6 1+2 1+3 





C57B1/6 mice were injected in both hind footpads with 250 yg of 
horseradish peroxidase (PO) emulsified in Freund’s complete adjuvant 
and killed 6 d later. Popliteal lymph nodes were removed, teased and 
cells were mass cultured in conditions reported in detail previously? '. 
Briefly, 8 x 10° viable lymphoid cells were cultured without shaking in 
35 mm Petri dishes containing 2 ml Click's medium"? supplemented 
with LPS (Escherichia coli 055B5 lipopolysaccharide, Difco) at a final 
concentration of 4 pg mi! and with PO covalently linked to horse red 
blood cells? (HRBC-PO, 5x 10° per dish). The cells were collected 
24h later and the anti-PO, anti-sheep red blood cell (SRBC) AFC and 
immunoglobulin-secreting cells were detected by local haemolysis 
plaque assay, the indicators used being either SRBC covalently coupled 
to PO (ref. 13), SRBC or SRBC coated with rabbit hybrid antibody 
(Fab’) fragments with dual specificity to SRBC and mouse immuno- 
globulins (refs 7, 8). SRBC adsorbed guinea pig serum was used as 
source of complement. To reveal the indirect AFC and immunoglo- 
bulin-secreting cells, a rabbit anti-mouse Ig antiserum was added to the 
mixture (final dilution used: 1/400). 

* Arithmetic means of 19-24 different experiments + one standard 
deviation. In each experiment the lymph nodes of 5-12 mice were 
pooled. 
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Table 2 Percentage of IFC which generate anti-PO AFC or which 
change into anti-PO AFC 





No. and 
percentage Total no. 
(in parentheses) of haemolytic 
of wells plaques detected 
No. of Presence(+) containing with SRBC- 
micromani- от absence(—) AFC after PO after 
pulated of peroxidase 48 h of 48 h of 
IFC inhibitor microculture microculture 
392 - 90 (23) 345 
119 * 2 (17) 3 





Lymphoid cells were collected after 24 h of mass culture (see legend to 
Table 1). Revealed IFC were micromanipulated from the centre of 
haemolytic plaques by a previously described procedure’?! and trans- 
ferred into separate wells of polyacrylamide plates previously seeded 
with 10? to 10^ irradiated (1,500 rad) normal C57BL/6 mouse spleno- 
cytes or thymocytes as feeder layer and 10? to 5x 10? HRBC-PO as 
antigen. The medium used for the microculture was composed of 50% 
fresh Click's medium and 5096 previously filtered supernatant of the 
mass culture. After 48 h of microculture, the content of each well was 
removed and mixed with SRBC-PO and complement. Cells lysing these 
red cells were detected by Cunningham's haemolysis plaque assay. The 
specificity of the molecules secreted by the progeny of microcultured 
cells capable of lysing SRBC-PO was tested in control experiments by 
adding soluble peroxidase as inhibitor to the revealing mixture (final 
concentration 70 ug ml !). 


801 +301 IFC per 10° viable lymph node cells were present, but 
no AFC were found. The lymphoid cells were mass cultured for 
24 h to select the most resistant cells under in vitro conditions. 
After this culture, the number of IFC did not vary and very few 
anti-PO and anti-sheep red blood cell (SRBC) AFC appeared 
(Table 1). Some of these IFC were micromanipulated, transfer- 
red into separate wells of polyacrylamide rafts!*' and indivi- 
dually cultured in the conditions described in Table 2, in the 
presence of irradiated syngeneic splenocytes or thymocytes as 
feeder layer and horse red blood cells covalently linked with PO 
(HRBC-PO) as stimulating antigen. The scarcity of indirect 
anti-PO and anti-SRBC AFC detected at the time of micro- 
manipulation made it highly improbable that such PFC would be 
micromanipulated (Table 1). Almost all the micromanipulated 
cells can therefore be considered as cells really secreting 
immunoglobulins without detectable antibody function. 

After 48 h of culture, 90 out of 392 micromanipulated IFC 
(23%) were transformed (in 34% of positive wells only one 
haemolytic plaque was detected) into cells able to lyse SRBC- 
PO or generated daughter PFC lysing these erythrocytes. Only 
some of the individually cultured cells yielded a PFC progeny. In 


Anti-PO AFC- containing wells (7) 














1 1 - ааа & oL I. 
(2345678 910117 6 "7 M " 49 
Anti-PO haemolytic plaques per well 


Fig.1 Distribution of the number of anti-PO haemolytic plaques 
found in each positive well seeded 48h before with a single 
micromanipulated IFC. 
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previous experiments of this type, about 10-20% of parental 
PFC generated daughter PFC (refs 11, 15) the others could be 
either terminal cells, cells generating memory cells or cells 
injured by micromanipulation procedure. It has been shown" 
that PFC are derived from micromanipulated cells and not from 
the irradiated cells used as the feeder layer, and this was further 
tested in the present study (unpublished results). Thus, no 
anti-PO AFC was found in wells containing only irradiated 
splenocytes or thymocytes and HRBC-PO, irradiated spleno- 
cytes or thymocytes used as the feeder layer were equally 
effective for the generation of AFC from IFC, and if the number 
of irradiated splenocytes was varied from 10° to 10* cells per 
well, the same percentage of wells containing anti-PO AFC was 
found. 

Of the wells containing anti-PO AFC, 66% had more than 
one haemolytic plaque (see Fig. 1). Often, the centre of large 
haemolytic plaques contained several clustered cells. It is there- 
fore likely that one or more divisions of the micromanipulated 
cells were needed before the secretion of anti-PO antibodies by 
the daughter cells could be detected. 


ТаЫе 3 Some AFC derive from IFC. This event requires the presence 





of the immunising antigen 
Total no 
` i No. of wells ^ of haemolytic 
No. of Presence or containing plaques detected 
micromani- absence of AFC after on SRBC-PO 
pulated' PO in the 48 h of after 48h 
IFC miicroculture microculture of microculture ^ 
110 HRBC-PO 30 (27.3%) 174 
127° | HRBC 2 (1.6%) 8 


Micromanipulated IFC were transferred into separate wells of poly- 


acrylamide rafts containing 5x10? irradiated (1,500 rad) normal 
C57BL/6 mouse splenocytes and either 2.5 x 10° HRBC-PO, or 2.5 х 
10? native HRBC. For conditions of the microculture and detection of 
daughter PFC soc Table 2. 


The specificity of the antibody secreted by the daughter cells . 


lysing the SRBC-PO was checked by adding soluble peroxidase 
in the revealing mixture. In these control experiments, only 2 
out of 119 wells tested contained 3 haemolytic plaques, 
(compared to 90 out of 392) (Table 2). The 97% inhibition of 
haemolytic plaques when soluble peroxidase was present in the 
revealing mixture and the absence of antigenic determinants 
shared by SRBC and PO (ref. 8 and unpublished results) 


demonstrate that cells lysing the SRBC-PO were true anti-PO | 


antibody producers. A : А 
To determine whether the presence of the immunising antigen 
was critical to the generation of AFC from IFC, some of the 
latter cells were micromanipulated and transferred to wells 
containing irradiated cells and native HRBC (Table 3). Control 
experiments where ПЕС were microcultured into wells contain- 
ing HRBC-PO, жеге гип simultaneously. Only the IFC cultured 
in the presence of HRBC-PO generated a large number of 
anti-PO AFC. In contrast, very few anti-PO haemolytic plaques 
were detected in wells seeded with native HRBC (25 times less). 
The experiments reported in the present paper clearly 


demonstrate that some IFC taken from mice immunised with ' 


PO generate anti-PO AFC or change into anti-PO AFC. This 
event seems to be associated with one or several cell divisions 
and requires the presence of the antigen. It appears, therefore, 
that IFC and AFC do represent different ‘stages of differen- 


tiation of the same cell population. One explanation is that IFC , 


and precursors of IFC are monopotent cells, that is, there is only 
one antibody-forming potentiality per cell, the IFC synthesising 
and secreting non-functional precursors of antibodies. Such an 
explanation is not substantiated by the biochemical study we 
have performed on these cells’*. Indeed it has not been possible 
to detect any particular composition or molecular weight for the 
immunoglobulins synthesised by the IFC. Furthermore the 


finding that the presence of the antigen is required for this step of 
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differentiation to occur makes this type.of explanation improb- 
able. Alternatively IFC and precursors of IFC may be multi- 
potent cells, that is, they synthesise and secrete immunogiobu- 
lins with multiple specificities. During differentiation, and under 
the selective influence of the antigen, they acquire a specialisa- 
tion, that is, they synthesise monospecific antibody molecules. 
The finding that the presence of the antigen is required for this 
step of differentiation to occur lends further weight to such a 
view. This event may require genetic rearrangement, occurring 
during cell division. 

This work was supported by research grants CRL 775070 I 
and 27-76-59 from INSERM and 2111 from CNRS. We 
thank André Chedeville for technical assistance and Mrs 
Thérèse Ternynck and Maryvonne Rodrigot for hybrid (Fab), 
fragments. 
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Murine embryonic B lymphocyte 
development in the placenta 


B LYMPHOCYTES derive from pluripotent stem cells which 
give rise to erythrocytes, granulocytes, monocytes, macrophages 
and T and B lymphocytes'?. Stem cells have been found in yolk 
sac, fetal liver, bone marrow, spleen and blood. During onto- 
geny from stem cells to mature B cells, precursor B cells (pre-B 
celis) can be found. Various types of pre-B cell can be identified. 
There are those which already produce and release immuno- 
globulin (Ig), but which are morphologically different from 
mature B сея“. Using surface-bound Ig as a marker for the 
development of mature B cells, it has previously been found that 
fetal liver, but not yolk sac, could develop mature B cells in 
ойго?®, A second type of pre-B cell can be characterised 
functionally as not being reactive to antigen or mitogens but 
which, on adoptive transfer into irradiated recipients or follow- 
ing in vitro culture, develops into a reactive cell ?. When 
stimulated by antigens or mitogens, such mature, reactive sur- 
face Ig-bearing resting B lymphocytes develop into IgM-, IgG- 
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Table 1 H-2 haplotype of LPS-induced PFC* 





Placenta (embryo) Treatment 
(C57BL/6J x DBA/2J)F, 
(H-2^xH-2*) 

Spleen (adult, mother) 
C57BL/6J 
(H-2*) 

Spleen (adult, father) 
DBA/2J 
(H-2°) 

Spleen (adult, F1) 
(C57BL/6J x DBA/2J)F, 
(H-2^xH-2*) 


(Reduction) 


(Reduction) 


(Reduction) 


(Reduction) 





Anti-DBA/2J 


Anti-C57BL/6J 
(H-2? anti-H-2°) 


Complement only (H-2? anti-H-2*) 


500+ 100 60+30 50:40 
(88%) (90%) 
850+ 150 820+200 45 +20 
(4%) (95%) 
550+ 100 20x15 480+ 100 
(97%) (12%) 
920+ 120 90+30 40+ 20 
(90%) (95%) 





* Duplicate aliquots of the IgM-secreting PFC at the peak of the response were first incubated with C57BL/6J (anti-DBA/2J spleen cell) serum 
(H-2° anti-H-2?) or with DBA/2J (anti-C57BL/6J spleen cell) serum (H-2° anti-H-2") (both gifts from Dr H. von Boehmer) for 30 min on ice, 
thereafter washed and then incubated with appropriately diluted rabbit complement for 30 min at 37 °C. Finally, the number of IgM-secreting PFC 
was determined in the protein A-SRC plaque assay''. PFC were treated this way for placenta cell cultures (at day 12 of gestation) at time equivalent to 
the time of birth (day 19 of gestation) in culture, and at day 5 of culture for spleen cells grown from 3 х 10° cells ml”! in the presence of LPS. 


and IgA-secreting plasma cells, which can be detected using a 
haemolytic plaque assay as plaque-forming cells (РЕС)!!! 
Pre-B cells which develop into antigen- or mitogen-reactive 
cells have been localised in fetal liver, bone marrow and spleen. 
The earliest that pre-B cells had previously been identified 
during embryogenesis of the mouse was at about day 12 or 13, 
but I report here the detection of IgM- and IgG-secreting PFC in 
mitogen-stimulated cultures of single cell suspensions of mouse 
placenta 9-14 d old. Placenta is thus identified as a new site of 
B-lymphocyte development which, during embryogenesis, pre- 
cedes B-cell generation in fetal liver. 

The culture technique used facilitates in vitro development of 
pre-B cells from the placenta to mature B-cells which can 
subsequently be stimulated by the B-cell mitogen lipopolysac- 
charide (LPS) to IgM- and IgG-secreting cells. Placentae were 
obtained from timed pregnant C57BL/6J female (H-2^) mice, 
mated with DBA/2J male (H-2°) mice. The embryo was first 
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Fig.1 The development of IgM-secreting PFC (determined with 
the protein A-SRC assay'') in suspension cultures of placenta at 
different stages of gestation (€, day 9; Ш, day 10; O, day 11 (3 
experiments); @, day 12 (3 experiments); A, day 13; A, day 14) 
in the presence of dextran sulphate (100 pg ml ' MW 500,000; 
Serva) and LPS (50 pg тї}; а gift from Drs С. Galanos апа О. 
Lüderitz, Max-Planck Institut fur Immunbiologie, Freiburg, West 
Germany) assayed at various days during culture. 


removed from the uterine wall and then the ectoplacental cone 
was dissected away from the uterus, and thereafter, from the 
yolk sac and embryo. They were rinsed extensively with 
balanced salt solution (BSS) and then dispersed into single cell 
suspensions by cutting the cones into small pieces with scissors, 
followed by passaging of the placental pieces through a stainless 
screen (200 mesh) with the aid of the piston of a 5-ml plastic 
syringe. After washing three times with cold BSS, the placental 
cells were suspended at 5 х 10° cells ті! in medium containing 
LPS. Culture conditions were those described previously for 
fetal liver cells?, except that dextran sulphate was added. The 
addition of dextran sulphate increased the total LPS-induced 
IgM-PFC response of placental cells five- to tenfold (details to 
be published elsewhere), but the development of IgM- and 
IgG-PFC in cultures of placental cells was still dependent on the 
presence of the B-cell mitogen LPS. 

Cells obtained from placenta at any time during gestation 
(between days 9 and 14) yielded a peak of IgM-secreting PFC in 
culture at the time corresponding to day 19 of gestation (Fig. 1). 
This was followed by the peak of IgG-secreting PFC 2-5 d later 
(not shown). As shown previously“, the largest number of IgM- 
secreting PFC developing from mature B-cells is usually ob- 
served in such cultures 4—5 d after mitogenic stimulation. If it is 
assumed that maturation of B cells from placenta in vitro 
parallels in time their maturation in vivo, then placental cells, 
kept either in vivo or in vitro, acquire LPS reactivity probably at 
the equivalent of days 14—15 of gestation. The highest number 
of precursor B cells was observed in placental cells removed on 
day 12 of gestation, as estimated by the total number of PFC 
obtained in the mitogenic response (Fig. 1). 

The majority of all IgM-secreting PFC developing in placental 
cell cultures expressed the embryonic H-2* and H-2“ haplo- 
types (Table 1) following LPS stimulation. This excludes the 
possibility that the LPS-reactive cells were contaminating 
maternal (Н-2°) cells. 

The frequency with which precursor cells in the placenta 
developed LPS reactivity and then into IgM-secreting PFC in 
culture, was determined by limiting dilution analyses in the 
presence of rat thymus ‘filler’ cells (3x 10* per ml) (ref. 9). 
Placental cells at day 10 of gestation contained one precursor in 
2 x 10* cells; at day 11, one in 4 x 10°; at day 12, one in 8 x 107; 
at day 13, one in 5x 107; and at day 14, one in 10° cells. 
Placenta, therefore, precedes fetal liver as an organ of embry- 
onic B-cell development by several days’. As placental B-cell 
development declines, it rises in fetal liver (Fig. 2). 

B-lymphocyte development in the mammalian embryo has 
been recognised to be multifocal. Furthermore, it is now evident 
that the sites of B-lymphocyte development change with the 
stage of embryogenesis. A first wave of B-cell differentiation in 
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the placenta up to day 12 of gestation is followed by a second 
wave in fetal liver, which continues to birth. Thereafter, spleen 
and bone marrow take over as major sites of B-cell develop- 
ment. Placental B-cell generation begins concomitantly with the 
development of blood islands in yolk sac and ceases (at day 12) 
when haematopoiesis ceases in the yolk sac. Placenta and yolk 
sac are in intimate association during this time of em- 
bryogenesis"". It is, therefore, possible that pluripotent stem 
cells or B-cell precursors migrate from yolk sac to placenta for 
further differentiation along the B-cell pathway. 

Yolk sac is known to contain pluripotent stem cells from 
which mature erythrocytes, granulocytes, monocytes, mega- 
karyocytes and lymphocytes arise by differentiation. Cell- 
marker experiments have shown that stem cells migrate, and are 
thereby seeded into embryonic myeloid organs and primary 
lymphoid organs, such as fetal liver, bone marrow, spleen and 
thymus". Stem cells themselves are thought to be uncommitted; 
it has been suggested that their differentiation into the various 
types of blood cells depends on the inductive influence of the 
organ rudiment into which they migrate'*. In avian blood cell 
differentiation, it is possible that the epithelium of the bursa of 
Fabricius could have such an inductive effect, although there is 
no indication as to the genetic loci which may control the 
expression of the inducing signals on such epithelial cells. 
Neither is anything known of the possible genetic control of 
murine B-cell development through genes controlling the 
expression of B-cell differentiation-inducing signals. If such 
differentiation-inducing structures exist, they are probably 
expressed on mesenchymal-endodermal eiements" of placenta, 
fetal liver, bone marrow and spleen. B-cell differentiation in the 
placenta, however, may offer embryonic stem cells the possi- 
bility to differentiate in response to signals which are encoded in 
the maternal genes, expressed on maternal endoderm within the 
placenta. 

The site of B-cell differentiation certainly does not depend on 
the site of stem-cell generation. Stem cells could migrate to the 
placenta either from yolk sac" or from another embryonic 
site’, particularly since the embryo, at day 9 of gestation, has 
developed a heart and a circulatory system in which cells can 
migrate from yolk sac to embryo and to placenta and back. 

The ability of placental cells from as early as day 9 of gestation 
to differentiate into mature B-cells in vitro offers exciting new 
experimental possibilities of probing the repertoire of variable 
regions of heavy and light chains, expressed very early in 
embryonic development, which may be close to or identical to 
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Fig.2 LPS responsiveness of placentae (@) and fetal liver (О) (see 
ref. 9) cells taken in culture ir the presence of LPS at different 
stages of development. IgM-secreting PFC responses were deter- 
mined each day from the equivalent of day 15 of gestation until the 
equivalent of day 3 after birth of culture (see also Fig. 1). The sum 
of PFC determined at the different days is given as total PFC 
response. 
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the repertoire carried in the germ line. If cellular contact 
between stem cells and ‘environment’ is needed for B-cell 
differentiation, then the rudiment of placenta may be one of the 
earliest sites on which B-cell differentiation occurs. 

I thank Ms Deborah Norman for technical assistance. 
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Augmentation by interferon of human 
natural and antibody- 
dependent cell-mediated cytotoxicity 


LYMPHOCYTES from normal individuals may have consider- 
able levels of cytotoxic reactivity against tumour cells, mediated 
by NK (natural killer) cells’. There are many similarities 
between NK cells and the effector cells (K cells) mediating 
antibody-dependent cell-mediated cytotoxicity (ADCC) against 
tumour target cells^?, and they may in fact be identical cells. In 
vivo inoculation of rodents with viruses^", immunostimu- 
lants***, tumour cells’ and other interferon inducers” results in 
augmented NK activity. Interferon (IF) was shown to have a 
major role in rapidly boosting mouse NK activity, both in 
vivo?'? and in vitro?. Trinchieri and Santoli' have suggested 
that IF could also augment human NK activity. However, the 
preparations used might have contained a variety of other 
lymphokines. The present study shows that IF can indeed 
augment human NK activity and also ADCC. 

Peripheral blood mononuclear leukocytes (PBL) were collec- 
ted from normal adult donors by centrifugation of heparinised 
blood on Ficoll-Hypaque gradients. Cytotoxicity was measured 
in a 4-h *'Cr-release assay, with K562 used as the target cell for 
NK, and Chang liver cells coated with rabbit IgG antibody as the 
target for ADCC?. All experiments were carried out with 
several effector : target cell ratios, and activity was expressed in 
lytic units (LU) per 10’ cells, 1 LU being defined as the number 
of cells required to produce 3096 specific cytotoxicity". Three 
different, partially purified, human IF preparations were used: 
lymphoblastoid IF (ІЕ, в), induced by Sendai virus (batch 
LNI/77/3A; 1.57x10* U IF per mg protein); leukocyte IF 
(ІЕ, ғ), induced in human leukocytes by Sendai virus" (lot 1, 
1.1x 10° U per mg protein); and fibroblast IF (ТЕ), induced by 
poly I:C (3x 10 U IF per mg protein). 

Two rabbit antibodies against human IF were used: anti IFp 
(pool 29-33, anti-IF titre of 10° per m?) and anti-IF; ь (ref. 13) 
(R24, titre of 10^ per ml). To evaluate the effects of the IF 
preparations, PBL (2-5 х 10° per ml) were preincubated at 
37 °C with IF (usually 10°-10* U ml!) and then washed before 
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Table 1 Effect of various human interferon preparations on cytotoxic activity of penpheral blood mononuclear cells | 





Lyte units 


Donor Treatment % Cytotoxicity* per 107 cells 
Ж 7:1 


1 Control 177 123° 
IF, (10* U) 35.8 355 
IFs (10* U) | 372 "abs * 
IF, в (10* U) 33.0 237 

16.7:1 

2 Control 13.3 16 
IF; (10° U) 266 - 64 
IFe (10 U) :17.9 25.4 
IF; в (10° U) 21.3 33,3 
IF, 5 (10 U) 20.9 '" 325 
ІЕ в (10° О), 28.8 63 
Ін (10 U) 18.8. 43 





ADCC activity . 
% Of control "Lyte units % Of control 
lytic units % Cytotoneatyt per 107 cells lytic units 

U 0,7 c 5 
a ' 20.8 196 — 
289 31.5 207 . 106 
329 292 179 — ' 91 
192 349 271 141 
167 1 

КАЖ А 16.9 ы эж 516 — 
400 20.4 39.4 250 
159 16.0 .. 19 119° 
208 35.8 104 , 656 || 
203 25.7 76.6 480 
388 22.2 35:5 222 
269 294 ` |. 4 
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Interferon preparations: IFg, interferon prepared from fibroblasts, IF; в, interferon prepared from a lymphoblastoid cell line; IF, interferon 


prepared from leukocytes. 


from donor 1 were treated for 1 h, those from donor 2 for 18h. . А 


* Baseline relase of ‚Сг from K562 target cells was 8.9%. Percentages given were obtained at one of the several effector : target cell ratios tes 
t Baseline release of" Cr from antibody-coated Chang target cells was 10.4%. Percentages given were obtained at one of the several effector . target 


cell ratios tested: ' 


e * , - 1 
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- Table 2 : Summary of m puro effects of interferon on МК: айй K-cell activities of peripheral blood lymphocytes of normal donors 





























Natural cytotoxicity ` ADCC 
| К — n L——————— 
Treatment T ‚ . , No. expt >150% of fe ; No. expt >150% of 
time (hb) E Median . Range control/total expt Median Range control/total expt 
1 160*' ~ 60-1626 11/22 141 91-455 3/12 
18-20 168 75-292 7/11 164 90494 Žž 3! 8/11 
* Activity after treatment as per cent of activity (calculated as lytic units per 107 cells) in untreated control lymphocytes. · 
Table 3 Effect of anti-interferon on augmentation of cytotoxic activity by IF; в MEC ` ; 
NK actrvity : ADCC activity 
| o1 .. Lytle units per % Of Lytic units per % Of 
Treatment ane Я - 10" cells control 10 cells control 
Expt 1 Control " 133 — 444 — 
IF; в (1,000 U) at 40.9 297 70.5 159 
^ IF g t anti-IEg (1:10) i 2.1 5 0.4 ‚ <i 
IF, в + anti-IFg (1:40) 106 ' 74 162 23 
IF, g 4 anü-IF; в (1:10) : 0.0 «1 0.0 «1 
IF, y + anti-IF; в (1:40) 1.2 3 1.5 2 
Anti-IFp (1.10) , 0.1 <1 0.0 <1 
Anti-IF; а (1:10) 0.2 1 0.0 «1 
Expt 2 ro Control > ЖА 70.2 — 36.7 — 
IF, в (1,000 U) , 170.0 242 51.2 148 
IF, в + anti-IFp (1:100) ,86.1 122 31.6 86 - 
ТЕ, в + anti-IF; н (1:100) 51.6 73 6.9 19 
Anti-IFp (1:100) 69.3 99 14.9 41 
+ Anti-IFrg (1.100). 39.5 56 1.1 3, 





Expt 1, preincübation of PBL at 37°C for 18 h; expt 2, preincubation ot PBL from another donor at 37°C for 1 h. 


^ . LE 


testing for cytotoxicity. To evaluate the effects of anti-IF, 
various dilutions of antisera were added to the preincubation 

With some donors, augmentation in NK'by IF was seen within 
a few minutes, with a peak at about 1-h (for example donor 2, 
Table 1). The three IF preparations gave parallel results, each 
showing effects down to 10 U ml"! or less. Table 2 summarises 
our overall results with several normal donors. NK activity of 


some donors was boosted strongly, as much as 16-fold, whereas 
that of others was unaffected. The NK activity of a similar 
proportion of donors was appreciably (215096 of.control LU 
per 107 cells) boosted at 1 h and 18-20 h. In contrast, boosting of 
K-cell activity occurred more frequently after’ overnight 
incubation. The variations in responsiveness of different donors 
may be analogous to experiments in mice’, in which sensitivity to 
IF varied among strains and was influenced by previous in vivo 
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exposure to activating stimuli: Our data on NK activity agree 
fairly well with those of Trinchieri and Santoli", but it is not 
clear why they failed to detect the boosting of K-cell activity, as 
they preincubated their cells for 18 h. 

To obtain further support for the role of IF as-the active 
molecule in augmentatioh of human NK- and K-cell activities, 
we tested whether antibodies to IF could block the effects of IF. 


IF.» was used for these experiments, so as to have an IF” 


preparation from a adurce different from those used for 
immunisations, making it less likely that antibodies to other 
contaminating proteins would be' responsible for the effects. 
Both antisera were able to block the boosting by IF.» of NK- 


and K-cell à activities completely (Table 3). In fact, thése reagents ` 


caused a decrease to below unboosted levels. This was not due to 
toxicity, as after removal of the reagents, the cells could still be’ 
stimulated by. TF and’ were "normally responsive to the mitogenic 
effects of- phytohaemagglutinin. Inhibition by TIF-aenti-IF 
complexes seemed unlikely. as we have never been able to detect 
more than 5 О of IF per ml ‘medium after 18 h incubation of 
PBL. However, to control further for this possibility, we 
compared the effects of anti- interferon with those of anti-bovine 
serum albumin (BSA), which would be 'expected to form 
complexes with the albumin i in the fetal bovine serum (Table 4). 
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Table 4 Comparison of effects of ‘anti-interferon and anti-bovine 
serum alburhin on augmentation of cytotoxic activity by lymphoblastoid 
interferon 


\ 
of d 








NKacuvity. ^ ADCC actmity 


Й 


Lytic units 3 ' Lytic units 
КАЙ OE per. О рег % Of 
Treatment (18 В at 37*C) 10’ cells” control, 10’ cells cóntrol 
' Control , 111.1 — 175 = 
IF, в (1,000 U) . 1916* 172  2309* 143 
IFjs-ant-IFp(l:1Q0) ^ „95,5 86 25.71. 15 
Ant-IFp (1:100) , "o 28.8* 26 5.0* 3 
IFig-antü-BSA (1:100) ' 187.1* 169 123* ^70 ^ 
Anti-BSA (1:100) - 99.7 89 38.4* 22 ° 


* Significantly different from untreated control, P<0.05 
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In contrast to the inhibition of NK activity and blocking by 


boosting by IF, the anti-BSA has no significant effects, although 
it did inhibit ADCC and its boosting by IF, presumably due to 
the known inhibitory effects of immune complexes on ADCC. 
.' Because of the effect of complexes on ADCC and our inability 

to prepare, F(ab’), fragments of anti-interferon (sufficient quan- 
tities of the reagents were not available), the effects of anti- 
interferon on boosting-of ADCC by interferon cannot be readily 
interpreted.. However, the marked effects of anti-interferon on 
NK activity seem to be specific and may indicate a normal role of 
IF in maintaining this effector cell function. As brief prein- 
cubation of IF with lymphocytes can induce activation of NK 
cells, it Seems likely that surface-bound IF can lead to activation 
during the assay. The results with anti- IF suggest that some 
spontaneous NK activity results from activation during culture 
by IF bound in vivo or secreted during the assay. 

The IF-activated effector cells had the same characteristics as 
NK cells. After incubation with IF for 18 h and before testing, 
monocytes weré removed by passage of the cells over Sephadex 
G-10. No removal of cytotoxic activity against K562 or against 
antibody-coated Chang cells was observed after such treatment. 
Like NK' and K cells’, the IF-induced cytotoxic cells had Fc 
receptors for IgG, with complete removal of reactivity by 
adsorption on immune-complex monolayers. | 

The rapid and strong potentiation of cytotoxic effector cell 
activities by IF has important implications for in vivo resistance 
against tumour growth. These effects need to be seriously 
considered as possible mechanisms for the anti-tumour effects of 


a variety of immüne adjuvants—as well as those of IF itself— 


which are being used in immunothérapy trials. - : 
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Human IF preparations were obtained from the NCI Inter- 
feron Working Group, and rabbit anti-IF antibodies from the 
Antiviral Substances Program, NIAID. 
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Primary sensitisation and restimulation 
of-human lymphocytes - 
with soluble antigen in vitro 


RESEARCH with: human lymphocytes is restricted by: ‘ethical 
constrairits -on sensitising individuals im' vivo before in witro 
experiments: In humans specific restinmulation of proliférative 
responses : was first shown using allógeneic lymphocytes as 
antigen and lias. since been developed into the primed lympho- 
cyte test’. In a model similar to this test, again using cell- -bound 
antigens, Newman et al.” showed sensitisation and restimulation 
by hapten-modified autologous cells. With soluble . protein 
antigens and lymphocytes from doners who had been sensitised 
to these antigens in vivo, Levis and Dattner! showed specific 
restimulation of proliferative résponses, after the cells had been 
cultured in the- presence of antigen for 10 or more days. We 
report here that, using a similar culture method, but cells from 
individuals who have not been sensitised in vivo to the relevant 
protein antigens, we have been able to obtain én vitro sensitisa- 
tion and specific restimulation, sensitisation of the lymphocytes 
being ‘determined by a subsequent specific proliferative 
response. — 

Lymphocytes were isolated by standard techniques from 
human peripheral blood and cultured for 10 d with the sensitis- 
ing antigen. Cells were then washed and restimulated by cultur- 
ing them for a further 2 or 3 d in the presence of the same or 
different antigens. Proliferative responses were measured by the 
incorporation of tritiated thymidine. Antigens used were key- 
bole limpet haemocyanin (KLH; Calbiochem), schistosomiasis 


. soluble egg antigeh (SEA), the synthetic polypeptides (T, G)- 


A--L (copolymer of L-(tyrosine, glutàmic acid) coupled to D,L- 
alànine ón a poly-L-lysine backbone, batch no. MC 9) and GAT 
(random copolymer of 60% ‘glutamic acid, 30% alanine. and 
1096 tyrosine, batch no. GAT 8) (both Miles Yeda), purified 
protein derivative (PPD) and tetanus taxoid (both RIV). Many 
individuals have been knowingly sensitised to these latter two 
antigens; but we emphasise that all data presented here have 
been obtained using ‘combinations of antigens and cells which 
failed ' to respond in a-direct proliferative assay. 
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3H-Thymidine incorporation (c.p.m. x 107°) 


GAT concentration (ug ml^ !) 


Fig. 1 Secondary responses of lymphocytes sensitised in vitro to 
GAT. Blood was obtained by venipuncture and lymphocytes were 
isolated by Ficoll-Hypaque density centrifugation 
(1.077 mg ті !). Cells from the interphase were washed 3 times in 
Hank's balanced salt solution and resuspended in RPMI 1640 
supplemented with 30% AB serum, 100 U ті! penicillin and 
100 pg ml! streptomycin, and adjusted to 2 x 10° cells per ml. Of 
this cell suspension, 2.5 ml was mixed with 2.5 ml of the antigen 
diluted in RPMI 1640 (without serum) in a 25-cm bottle (Falcon 
no, 3013). Bottles were gassed with a 5% CO;/air mixture, closed 
and cultured for 10 d at 37 °C in upright position. Approximately 1 
in 10 of the cultures failed to retain an adequate pH and were 
discarded. Cells were then collected, adherent cells with a rubber 
policeman, washed once, and readjusted to 2x 10° cells per ml in 
RPMI 1640 with 30% AB serum. Restimulation was carried out in 
duplicate or triplicate in flat-bottomed microtitre plates. A volume 
of 2.1 ml of the cell suspension was mixed with 0.1 ті RPMI 1640 
(without serum) containing antigen. After 48 h tritiated thymidine 
was added, the cultures were collected 18h later, and samples 
counted in a liquid scintillation counter. Seven different sensitising 
concentrations of GAT are shown on the abscissa. The second 
cultures of the sensitised lymphocytes were restimulated with: 10, 
109, 500 or 1,000 ug ml of GAT (@), 100 ug ml! of PPD (0), 
or medium only (A). When 10 ug ml ^! or less of GAT was used in 
the sensitising culture, all responses to GAT in the second culture 
were less than 1,000 c.p.m. and are not shown separately. The 
secondary responses of the GAT-sensitised lymphocytes to (T, G)- 
A--L in the concentrations 10, 100, 500 and 1,000 pg ml ^! are also 
not shown. These responses were all in the range of the responses 
to PPD (with a maximum of 3,200 c.p.m.). In this experiment 
there was no evidence for cross-reactivity between GAT and 
(T, G)-A--L. 


To obtain in vitro sensitisation, we found that the most critical 
parameter was the concentration of antigen during the first 
culture. Figure 1 shows an example of results obtained, in which 
GAT was used as antigen. With sub-optimal low concentrations 
of antigen no specific proliferative response was found in the 
second culture. In this experiment, 100 ug ті! GAT yielded 
optimal specific sensitisation, as shown by the highly significant 
response in the second culture to GAT compared with that to 
other antigens. Higher concentrations showed low, or even 
depressed, proliferative responses in the second culture, 
depending on the antigen used. In general, the background 
proliferative responses, that is, the responses to unrelated or no 
antigen in the second culture, increased with concentrations of 
antigen slightly higher than the optimal concentration in the first 
culture. The nature of this phenomenon is now being investi- 
gated. Finally, the concentration of antigen used in the second 
culture had to be varied but was less critical. The optimal 
concentration of antigen for the second culture has always been 
greater than the optimal sensitising concentration (Figs 1, 2). 
For sensitising cultures with PPD and tetanus toxoid, the opti- 
mal antigen concentrations were less than 1/10th of the optimal 
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concentrations routinely used by us for the direct lymphocyte 
transformation test with in vivo sensitised cells. 

Figure 2 gives the results of an experiment in which cells were 
separately sensitised to three different antigens and restimulated 
with each of the three antigens. The data used were obtained 
with the optimal concentrations of each antigen. For all three 
antigens the proliferative response was significantly increased 
(P « 0.01, by analysis of variance on log transformed data) if the 
same antigen was used in the first as well as in the second culture. 
The lymphocytes in this and similar experiments were all nega- 
tive in the direct lymphocyte transformation test with these 
antigens. Only the absence of current immunity can be 
concluded from a negative direct lymphocyte transformation 
test, and especially for tetanus toxoid a negative direct test does 
not exclude prior in vivo sensitisation. In further experiments, 
we used other antigens including synthetic polypeptides, for 
which it is much less likely that individuals have been sensitised 
in vivo. Table 1 shows the results of such experiments. In each 
experiment, at least two different antigens were used at several 
concentrations in the sensitising cultures. The lymphocytes from 
each culture were then restimulated with the relevant antigens. 
It was again shown that a specific proliferative response was only 
obtained using the same antigen in the second culture as had 
been used in the sensitising culture, Each experiment has been 
repeated at least three times with different donors and demon- 
strates our ability to sensitise unprimed human lymphocytes in 
vitro to different protein antigens. 

We thus find that we can consistently sensitise lymphocytes 
from many different individuals to the antigens KLH, GAT, 
PPD and tetanus toxoid. Of 14 individuals tested with (T, G)-A- 
-L and GAT, all responded to GAT whereas three failed to 
respond to (T, G)-A--L. These three also failed to show cross- 
sensitisation by GAT for response to (T, G)-A--L in the second 
culture, whereas 9 out of the other 11 showed such a reaction. 
For one of the non-responders the test has been repeated three 
times with different bleedings showing the same results. The 
genetic basis of this unresponsiveness to (T, G)-A--L is not 
known but is now under investigation. Restimulation after 





Tablel Proliferative response of human lymphocytes to restimulation 
in vitro 





Antigen concentration 


(ug ml!) 
First Second Response in c.p.m. per 

culture culture 105 cells x: s.d. 
KLH i KLH 100 *41,163 +823 

KLH 500 *40,311+4,434 

ЅЕА 100 6,232 + 1,495 
ЅЕА 500 6,835 +273 

— 6,413: 1,796 
$ЕА 1 KLH 100 2,442 +170 
КІН 500 2.044 +141 

ЅЕА 100 *5 2344969 ·:- 

SEA 500 *5.089 + 1,007 
— 1,907 + 303 

(T, G)-A--L (T, G)-A--L 500 *30,709 + 5,527 
500 (T, G)-A--L 1,000 *31,651 4158 
GAT 500 18,177 + 908 

GAT 1,000 19,614 x 2,549 

— 7,302 + 1,095 

GAT 100 (T, G)-A--L 500 21,941 + 1,316 

(T, G)-A--L 1,000 20,072 + 1,003 

GAT 500 *33,528 x 3,017 

GAT 1,000 *51,376 € 2,055 


= 14,128 + 2,684 

a a ene 

Lymphocytes from one donor were cultured with different antigens in 
the first culture and restimulated as indicated. The results show the mean 
and standard deviation of duplicates. In this particular experiment, 
cross-reactivity between (T, G)-A--L and GAT which was found in nine 
out of eleven cases, is also shown. Each experiment was repeated at least 
three times with different donors and showed the same pattern of results. 

* Results significantly different from controls (P < 0.01). 
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PPD Tetanus 

“toxoid 
Fig. 2 Secondary responses of lymphocytes sensitised e vitro to 
PPD, KLH and tetanus toxoid. Lymphocytes were sensitised to 
four different concentrations of the antigens. Only data from the 
optimal scnaitising concentrations are shown. These were 
0 2 ug ml! of PPD O), 0 2 ug ml! of KLH (f, 10 Lf ml! of 
tetanus toxoid (F4) and medium alone (C) The optimal concen- 
trations of antigen for restimulation were 50 ug ml ! of PPD; 
100 ug ml^! of KLH or 10^! Lf ml^! of tetanus toxoid. In this 
experiment, the background proliferation in the second cultures 
was not influenced by the concentration of the irrelevant antigens. 
Second cultures were carned out in duplicate and results are 
shown +s d. Antigens used for restimulation are indicated on the 
abscissa. Antigens used for sensitisation are shown by the hatching 
of the bars. 








3H-Thymidine incorporation (c.p m. x 107?) 


sensitisation with SEA was not specific in 5096 of the cases, 
possibly because this material is a complex of many antigens. It 
should be added that this culture method can also be used for 
sensitisation to insoluble antigens, and a study of the in vitro 
response to TNP-modified autologous cells is under way. 

In vuro sensitisation to soluble antigens has been previously 
described by Thomas and Shevach* using guinea pig cells. 
However, in their cultures; macrophages obtained from oil- 
induced peritoneal exudate cells were present. Comparable 
culture conditions for human cells would be difficult to obtain. 
An alternative assay for in vitro sensitisation, a primary in vitro 
antibody response, should be mentioned here. This method was 
described in humans by Dosch and Gelfund*, and elaborated to 
a further extent by UytdeHaag et al.$. Comparison of the two 
methods is difficult because lymphocyte proliferation has not 


been reported in their investigations, and we have not deter-- 


mined whether our cultures contain antibody-secreting cells. 

Therefore, our data demonstrate that specific proliferative 
responses to soluble protein antigens can be induced in vitro 
using peripheral blood lymphocytes from donors who had not 
been immunised in vivo against these antigens. It is hoped that 
this assay will lead to a further understanding of the control of 
the immune response in man, and in particular the analysis of 
human immune response genes. 
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Immunochemical quantification 
of in vitro neutrophilic 
granulocyte differentiation ` 


IN the presence of colony stimulating activity (CSA)'?, both 
normal and neoplastic cells of the neutrophilic granulocyte 
(neutrophil) and monocyte-macrophage cell series proliferate 
and differentiate in semi-solid and liquid cultures ?. However, 
as conventionally performed, the clonal assay for CSA depends 
on cellular proliferation, and does not provide quantitative 
information on the role of CSA in differentiation. Lactoferrin 
(LF) is a specific protein marker for the neutrophil cell 
series! ^7, and among bone marrow. cells is found exclusively in 
the specific granules of the maturing neutrophil'"!^, These 


. granules first appear at the myelocyte stage of cytodifferen- 


tiation’. Thus, synthesis of LF is a biochemical event which may 
be used to quantify a specific state of neutrophil differentiation. 
We previously reported the purification of murine LF'5, and its 
quantification by radioimmunoassay’’, and also the develop- 
ment of a slide chamber method for culturing bone marrow cells 
in liquid medium’. We now report that in similar cultures, the 
net synthesis of LF is correlated in a dose-dependent manner 
with CSA concentration. To our knowledge, this is the first 
demonstration of a quantitative relationship at both the bio- 
chemical and cellular levels between CSA and a specific marker 
of neutrophilic granulocyte differentiation". 


Fig. 1 Dose-response relationship between the net synthesis of 
lactoferrin and the concentration of CSA in cultures of mouse bone 
marrow cells. Cells were obtained from 4-month-old male 
BALB/c mice from our breeding colony A single cell suspension 
in Hank's belanced salt solution deficient in calcium and 
magnesium was layered over a solution of Ficoll-Hypaque (density 
1.077 g cm), and centrifuged at room temperature for 30 min at 
400 g. Cells collecting at the interface were resuspended in RPMI- 
1640 culture medium containing 20% fetal bovine serum, and used 
to initiate cultures (1 ml, 1.25 x 10* cells) in four-chamber Lab- 
Tek microscope slide chambers. Cultures were stimulated at nme 
zero by the addition of vanous amounts of CSA from endotoxin- 
treated mouse lung”, and were incubated at 37°C in a fully 
humidified atmosphere containing 7.5% СО,. Cultures were 
terminated at various times by carefully drawing off the medium 
and adding 0.5 ml of 0.01 M phosphate buffered saline, pH 7.4, 
containing 0.196 Triton X-100 and 0.3 M sodium chloride. The 
mixture was allowed to stand for 20 mun at 4?C after which it was 
removed by aspiration. Aliquots of the aspirate were taken for 
quantification of LF by radioimmunoassay”, With the low inital 


cell inoculum used in these particular experiments (where cor- 

relation with microscopic observations was important) levels of LF 

on days 1 and 2 of culture were not sufficiently high to be detected 

by the radioimmunoassay. Each point is the mean of two to three 

replicates. The vertical bars indicate the range of values on day 3 
(W), day 4 (A), and day 5 (8). 
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Fig. 2 


Immunocytofluorescence of LF-containing, cultured murine bone marrow cells. After careful removal of the culture medium, wet slides 


were immediately centrifuged in a cytocentrifuge and cells were fixed in absolute ethanol containing 10% formalin'*. Fixed cells were incubated 

with the fluorescein-labelled F(ab'); fragment of rabbit IgG raised against murine LF'^. Slides were viewed using a Leitz Orthoplan fluorescence 

microscope equipped with a 100-W mercury lamp and epi-illumination. Photographs were taken with a Leitz Orthomat camera and Kodak 

Ectachrome ET135 film. a, Mature neutrophils showing a pattern of fluorescence characteristic of cells which have differentiated to the 

myelocyte stage or beyond (x1600); b, a single neutrophilic granulocyte clone displaying asynchronous differentiation as indicated by the 
presence of both LF-positive and LF-negative cells (x400) 


Slide chamber cultures of murine bone marrow cells were 
stimulated by the addition of CSA from endotoxin-treated 
mouse lung’. When examined between days 3 and 5, a linear 
dose-response relationship was observed between dose of CSA 
and the total amount of LF per culture (Fig. 1). In addition, it 
was evident from these data that the magnitude of the response 
between day 3 and day 5 increased approximately threefold as 
CSA concentration increased from 4 to 8%. 

It was possible to extend these biochemical observations to 
the cellular level by examining cultured cells which had been 
fixed and exposed to a fluorescein-conjugated anti-LF antibody. 
LF-containing cells displayed a characteristic granular pattern 
of fluorescence (Fig. 2a). As shown in Table 1, there was a linear 
dose-response relationship between dose of CSA, the number 
of LF-containing cells, and the total number of cells per culture. 
The latter response (total cells) was more pronounced because 
the marrow cell population contained precursor cells which 
proliferated in response to CSA, but whose progeny did not 
contain LF (neutrophils less mature than myelocytes, and all 
cells of the monocyte-macrophage series). 

The distinctive growth pattern of neutrophils offered an addi- 
tional advantage for immunocytofluorescence studies. In the 





Table 1 Effect of increasing concentration of CSA on the total number 
of LF-containing cells and on the total number of cells per culture 





No. of cells* 
CSA concentration 


(ul per ml culture) LF-containing Total 
4 1,326+ 99 3,384 + 261 
16 2,347 + 153 5.756 +206 
64 3,188 + 301 8,856 +643 





* Details of the culture апа immunofluorescence procedures are as 
described in the legends to Figs 1 and 2 except the initial cell inoculum 
was 1X 10* cells (8% of the cells contained LF). In addition to cells 
committed to neutrophilic granulopoiesis, the total cell population 
contained cells of the monocyte-macrophage series which also proli- 
ferated in response to CSA. Cultures were terminated after 3 days, and 
all cells in each culture chamber were counted and classified by sequen- 
tial observation with phase contrast and fluorescence microscopy 
(x400). Each point is the mean + s.e.m. of four chambers. 


liquid cultures, clones of neutrophils grew as discrete, tight, 
spheroidal cell groupings which could be easily identified 
through the first 3 days of culture. In these early cultures, we 
Observed that within individual clones, the proportion of cells 
which contained LF varied from zero to unity, with some clones 
consisting of both LF positive and LF negative cells (Fig. 25). 
This pattern of asynchronous differentiation within individual 
clones has also been observed in both normal and leukemic in 
vitro erythropoiesis*'**. Note that with the cell concentrations 
used in the present experiments, cell crowding made inter- 
pretation of clonally-related events difficult beyond day 3 of 
culture. However, use of a lower initial cell inoculum (5 to 
10 x 10? cells) resulted in sufficient spatial separation of indivi- 
dual clones to permit observation of clonally-related events 
beyond day 3. In these conditions, we observed that as tight 
clones matured, all cells eventually contained LF”. We are 
currently investigating the effects of CSA concentration on the 
time course of LF synthesis in these clones composed exclusively 
of cells committed to neutrophilic granulopoiesis. 

There is now good evidence that CSA preparations are 
heterogeneous with respect to biological activity, and that 
different species of CSA may govern the differentiation of 
neutrophilic granulocytes as distinct from monocytes and 
macrophages”. Furthermore, there is the possibility that 
some molecules of CSA might have either proliferative- or 
differentiative-associated functions while others might possess 
both of these activities. The assays for LF presented above 
should aid in the identification and purification of such postu- 
lated CSA species. Finally, the question as to whether CSA plays 
a direct part in neutrophil differentiation must remain open. The 
demonstration of a dose-response between CSA and net 
synthesis of a differentiation-associated protein such as LF is 
necessary but not sufficient proof of direct involvement, as the 
response might be secondary to an earlier, primary effect on 
neutrophil proliferation. However, studies on CSA-dependent 
synthesis of LF in the presence of appropriate inhibitors of DNA 
and RNA synthesis should provide further insight into this 
question. 

In conclusion, we anticipate that the radioimmunoassay and 
immunocytofluorescent procedures for the detection and 
quantification of LF described here, both individually and in 
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combination, will prove useful in further defining the 
mechanism of action of CSA in the regulation of in vitro granu- 
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5,6-Epoxyretinoic acid opposes 

the effects of —— 
12—O-tetradecanoylphorbol-13-acetate 
in bovine lymphocytes 


12-O-TETRADECANOYLPHORBOL-13-ACETATE (ТРА), 
the most potent of a series of tumour-promoting agents isolated 
from‘croton.oil’, has been found to be highly active in bovine 
lymphocytes as a stimulator of choline phospholipid metabol- 
ism", an inducer of ornithine decarboxylase’, and a co-mitogen 
when used in conjunction with phytohaemagglutinin (PHA)*^. 
These effects of TPA in the bovine lymphocyte system are 
antagonised by retinoic acid“, an agent which opposes the 
tumour-promoting action of phorbol esters in mouse skin” and 
inhibits chemical carcinogenesis in several other tissues’. 
However, the dose-response curves for retinoic acid in inhibi- 
ting these effects in lymphocytes are broad and extend over 
several orders of magnitude, suggesting that retinoic acid may 
have to be metabolised to be biologically effective in this system. 


0028-0856/79/0277—0227$01 00 





ô (p.p.m.) 


Fig. 1 The 60MHz proton magnetic resonance spectrum of 
5,6-epoxyretinolc acid. ОССІ, containing 196 tetramethylsilane as 
internal standard was the solvent used in recording the above 
spectrum: 8 (p p.m.) 5.77-7.08 (6H, m, olefinic protons on side 
chain); 2.33 (3H, s, HsC- on C-9); 1.97 (3H, s, H3C- on C-13); 
1.2-1.9 (6H, m, -CH;- in ring); 1.13, 1.08 (6H, 2s, HC- on C-1); 
0.92 (ЗН, s, H3C- on C-5). This spectrum agrees with data presen- 
ted by Vetter et al! and ms very similar to the spectrum reported 
for 5,6-epoxyretinal (ref. 12). The mass spectrum of 5,6-epoxy- 
retinoic acid (melting point 153-154 °С) contained an intense 
molecular ion (M, m/e = 316) and M+1 and M+2 peaks with 
intensities of 2196 M and 2% M, respectively. No ions of higher 
m/e were observed. The UV absorption maximum found for this 
material (337 nm, ethanol) agrees with that reported for enzy- 
matically produced 5,6-epoxyretinoic acid (337nm, light 
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Fig.2. Dose-response curve for the inhibition of ["H-Me]choline 
incorporation into the phospholipids of bovine lymphocytes. 
Lymphocytes were prepared from bovine retropharyngeal lymph 
nodes as described previously”, and were cultured in Eagle's HeLa 
medium supplemented with 1096 bovine serum (BEHM) at a 
concentration of 5-10 х 10$ cells ml ! for 1d before use. Cells 
were collected by centrifugation at 150g for 10 mn and resuspen- 
ded'in Dulbecco's phosphate-buffered saline containing 5.6 mM 
glucose at 3x 10$ cells mi^. Frve-ml portions of cell suspension 
were then planted in 12-ml conical centrifuge tubes containing 
retinoic acid or the epoxide; after 15 min at 37°C, 2 Сі of 
[*H-Me)holine (69.5 Ci mmol!) and 50pmol of TPA were 
Added to each culture. Dimethyl sulphoxide, used as the solvent for 
TPA and the retinoids, was present at a final concentration of 
0.55% (v/v) in all cases. After а 1-h incorporation period, the cells 
were collected and the phospholipids extracted and purified as 
described elsewhere? Radioactivity in the dried phospholipid 
extracts was quantitated by liquid scintillation spectrometry. Points 
represent the means of duplicates. О, TPA plus retinoic acid; @, 
TPA plus 5,6-epoxyretinoic acid; A, TPA plus 5,6-epoxyretinoic 
acid with medium containing 10% bovins serum; Ml, 5,6-epoxy- 
` retinoic acid without TPA. А 
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Fig. 3 Dose-response curves for the inhibition of lymphocyte 
mitogenesis by retinoic acid (О) and 5,6-epoxyretinoic acid (8). 
Cells were cultured for 1 d as described in the legend to Fig 2. The 
lymphocyte cell density was then adjusted to 310° cells mI ! in 
BEHM and 5-ml aliquots of the suspension were planted in conical 
12-ml centrifuge tubes. PHA-P, used at a final dilution of 
1:10,000, TPA (10 nM) and the retinoids were added to cultures 
concurrently. The cultures were gassed with 5% CO, in ап and 
incubated at 37°C on a slant for 48h The cells were then pulse- 
labelled for 2h with 2 Сі per culture of *H-thymidine 
(64.7 Cimmol"!). The incorporated radioactivity was assayed 
using a standard Whatman GF/C filter disk procedure)’. Points 
represent the means of triplicate cultures 


The possibility that epoxidation might be involved in the activa- 
tion of retinoic acid and related retinoids was suggested by two 
observations. First, 10,11-epoxymethylfarnesoate (insect 
juvenile hormone Ш), which bears the epoxide moiety at a 
position corresponding to the double bond in the ionone ring of 
retinoic acid, was found to oppose the actions of TPA in bovine 
lymphocytes and exhibited a much steeper dose-response 
curve’, Second, we have demonstrated that epoxidation at the 
5,6-position of f-ionone strikingly increases its activity as an 
antagonist of the co-mitogenic action of TPA as well as the TPA 
stimulation of phospholipid metabolism!?. We describe here the 
chemical synthesis and biological testing of the 5,6-epoxy 
derivative of retinoic acid as an antagonist of TPA action in 
bovine lymphocytes. We report that the introduction of an 
epoxide group at this position results in an enhanced ability to 
oppose certain effects of TPA in these cells. . 

Retinoic acid (2 mmol) was epoxidated by treatment with a 
10-fold molar excess of monoperphthalic acid in ethyl ether 
(30 ml) at room temperature, and the teaction was monitored by 
thin layer chromatography on silica gel, with 2096 ethanol i in 
light petroleum (boiling point 40—60 °C) as the eluant. Within 
0.5 h, all the retinoic acid had been consumed, with the forma- 
tion of,a single more polar product, as shown by thin layer 
chromatography. This reaction mixture was extracted twice with 
two volumes of aqueous NaHCO, (2% w/v) and washed with 
two volumes of water. When the organic phase was taken to 
dryness under vacuum, the product crystallised spontaneously 
(1.7 mmol); the latter was recrystallised from ethyl ether/light 
petroleum and characterised as 5,6-epoxyretinoic acid. The 
structure verification of racemic 5 ,6-epoxyretinoic acid 18 
presented in Fig. 1. 

As noted above, TPA accelerates the incorporation of choline 
into the phospholipids of bovine lymphocytes, and this response 
is antagonised by retinoic acid’. Figure 2 shows that 5,6-epoxy- 
retinoic acid is also arractive antagonist of this process and that 
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when an éffective concentration has been reached it exhibits a ` 


steeper dose-response curve than retinoic acid. Although other 
explanations of the data are possible, this observation is consis- 
tent with the hypothesis that epoxidation of the 5,6-double bond 
may be involved in the metabolic activation of retinoic acid. This 
possibility is strengthened by the report by Napoli et al.!* that 
5,6-epoxyretinoic acid is a major retinoic acid metabolite i in the 
intestinal mucosa of the rat. j 

Several additional points should be made concerning the data 
presented in Fig. 2. First, it seems unlikely that the inhibitory 
action of the epoxide is merely a manifestation of toxicity, as it 
does not affect the basal level of ['H-Mekholine incorporation, 
and second, when 1096 serum was included in the incubation 
medium the effective inhibitory range of epoxide concentrations 
was shifted upward by an order of magnitude. This observation 
suggests that serum and certain cellular components may 
sequester or facilitate the inactivation of low levels of 5,6- 
epoxyretinoic acid and thus account for the shoulder on the 
dose-response curve. This same situation was encountered in 
earlier experiments in which a similar serum effect on the 
effective inhibitory concentrations of 5,6-epoxy- -В-1опопе was 
observed”. 


In Fig. 3, the contrast of broad- compared with steep-sloped 


dose—effectiveness curves for retinoic acid and the epoxide is 
clearly shown in the inhibition of the mitogenic respónse. As 
reported previously, retinoic acid inhibits TPA-mediated co- 


mitogenesis over a broad range of concentrations^; however, it . — 
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Fig. 4 'Dose-response curves for the inhibition of ormthine 
. decarboxylase (ODC) induction by retinoic acid (О) and 5,6- 
epoxyretinoic acid (8). Lymphocyte cultures were planted as 
described in the legend to Fig. 3. Eighteen hours after the concur- 
rent addition of PHA, TPA, and retinoids to the cultures, the cells 
were collected and washed twice with cold 0.9% NaCl. The 
lymphocytes were then suspended in 0.3 ml of 50 mM sodium - 
phosphate buffer (pH 7.2) containing 0.1 mM EDTA, and dis- 
rupted by four cycles of freezing and thawing. After centrifugation 
of the disrupted cells at 2,000g for 15 min, a clear supernatant was 
obtained. Ornithine decarboxylase activity in this supernatant was 
assayed by measuring the release of “со, from pL41-'^Cjorni- 
thine hydrochloride (49.9 mCi mmol !). The assay пихіше 
contained 35 mM sodium phosphate (pH 7.2), 0.2 mM pyridoxal 
phosphate, 4 mM dithiothreitol, 1 mM EDTA, 0.4 mM: L-orni- 
thine containing 0.5 „Сі of pL-{1-C}ormthine hydrochloride, 
and 100 J of lymphocyte supernatant in a total volume of 0.25 ml. 
Incubation of the assay mixture at 37 °C was carried out in 15-mi 
corex tubes equipped with centre well assemblies and capped with 
serum stoppers After 1 h, the reaction was stopped by the addition 
of 0.5 ml of 2 M citnc acid, however, incubation was continued for 
one more hour to ensure complete absorption of “CO, by the 
ethanólamine and methoxyethanol (0.2 ml; 2:1) in the centre well. 
Finally, the contents of the centre well were transferred to a vial 
containing 10 ml of toluene-based scintillation ftuid and 2 ml 
ethanol. Radioactivity was measured by liquid scintillation spec- 
trometry. Points represent the means of triplicate cultures. 
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can be seen that retinoic acid epoxide displays a steep bees 
response curve, as anticipated for the active inhibitory species. 
The fact that higher concentrations of the epoxide, as compared 
with the parent compound, are required to achieve inhibition is 
thought to reflect the above noted difficulty in delivering the 

.. chemically reactive epoxide to the appropriate cellular sites 

` rather than an inherently lower activity of this derivative. Again, 
toxicity does not seem to be the basis of this inhibitory action of 
5,6-epoxyretinoic acid, for 48 h of exposure to this agent does 
not affect the lymphocyte viability, as measured by the trypan 
blue exclusion test. 

In a third series of studies, we have tested the 'ability of 
5,6-epoxyretinoic acid to inhibit the induction of ornithine 
decarboxylase by TPA. Ornithine decarboxylase, the rate-limi- 
ting enzyme in polyamine biosynthesis, is among the earliest and 
most thoroughly studied responses induced by the application of 
TPA to mouse skin'5. The TPA induction of this enzyme, which 
is prevented by retinoic acid, has provided a useful test system 
for assessing several retinoid analogues as biological antagonists 
of ТРА іп mouse skin. In PHA-treated lymphocytes, retinoic 

, acid also blocks the TPA-induced ornithine decarboxylase 
activity; however, it must be added to cell cultures before TPA 

_ to exert this effect?. This temporal dependency is reflected in 
Fig. 4, in which the induction of ornithine decarboxylase by TPA 
proceeds unhindered by concurrently added retinoic acid. 

^" However, in these same conditions, 5,6-epoxyretinoic acid is а 
‘highly effective inhibitor of ornithine decarboxylase induction 
_ Fig. 4). 

The present results do not prove the concept of metabolic 
activation 'of retinoic acid, but they are consistent with the 
suggestion that an activation process may involve epoxidation at 
the 5,6-position. At the very minimum, it can be stated that 
epoxidation of retinoic acid at the 5,6-position is a tolerated 
modification of retinoic acid for activity of this agent as an 
antagonist of certain effects of TPA in the bovine lymphocyte 
system. 

Thus, although bovine lymphocytes have not been used in 
tumour-promoting studies with phorbol esters or in anti- 
tumourigenic studies with retinoids, the present results and our 
earlier findings? ^?? clearly demonstrate that they are a good 
indicator system for studying the modulation of metabolic pro- 
cesses by these two classes of agents. The responsiveness, the 
ready availability of the cells, and the ease of staging prompts 
their further use in studies of the molecular mechanisms by 

; Which these agents act. 
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Migrating epidermis produces AB; 
collagen and requires continual 
collagen synthesis for movement 


-EPITHELIAL CELLS demonstrate remarkable motility during 


the in vivo processes of wound healing, organogenesis and 
neoplastic invasion’. We have been interested in the control of 
epithelial motility. From earlier studies we know that in vitro 
epithelial movement requires the continual presence of a serum 
component?” and a proper substratum‘. In culturing dissociated 
epithelial cells, collagen-coated dishes have been found to pro- 
vide a better substratum than non-coated surfaces’. As studies 
in other laboratories had suggested that epithelium produces 
collagen®*, it seemed appropriate to investigate the role of 
collagen in epithelial movement. Reported here are morpho- 
logical and metabolic studies of a well defined tissue culture 
system of skin explants involving both epithelial outgrowth and 
epiboly. The observations support the possibility that the 
continual synthesis of collagen is necessary for epithelial cell 
movement. 

The in vitro system we have used in Papi a 
movement has been described elsewhere in detail^'. Briefly, 
measured mouse skin explants are laid on plastic Petri dishes 
(outgrowth) and covered with medium (Dulbecco’s modified 
Eagle's medium, DME; Gibco) plus human serum (5 mg mI!) 
or suspended in the medium (epiboly). At intervals, the maximal 
radial outgrowth or the extent of epiboly are measured. In 
earlier experiments we established that epithelial spread is 
virtually independent of DNA synthesis and thus cell division; 
the outgrowth measured is therefore apparently due pre- 
dominantly to epithelial cell motility. Although the explant 
contains dermal elements the outgrowth is essentially, if not 
completely, epithelial, as demonstrated earlier??. 

Our initial questions were: does migrating epithelium of the 
outgrowth and epiboly systems contain collagen? If so, what 
types of collagen are present in the migrating epidermis? Using 
affinity-purified antibodies to collagen (1, Ш, IV and AB,) and 
an indirect immunofluorescence (IF) assay, we found that both 
stationary and migrating epidermis contain type AB; collagen 
(Fig. 1i, 1j). Types I (Fig. 1c, 1d) and III (Fig. 1e, 1f) are found 
exclusively in the dermal portion of the outgrowth. Type IV (Fig. 
1g, 1h) is localised to the junction of the dermis and the 
stationary epidermis, but not beneath the migrating epidermis. 

If both migrating and stationary epidermis synthesise AB; 
collagen, as the IF studies suggest, proline incorporation into 
these cells should be demonstrable, as prohne and hy- 
droxyproline constitute 20% of the amino acid residues of AB, 
collagen’. The autoradiography of *H-proline-pulsed explants 
(Fig. 1a, 1b) shows silver grains over the cytoplasm of the 
migrating and stationary epidermis of both the outgrowth and 
the epiboly assays. Proline incorporation was present diffusely 
over the epithelial cell cytoplasm and grain density was not 
greater at the growing tip or the basement membrane regions. 
As essentially no proline incorporation was present in the 
dermis at any time throughout the experiment, we assume that 
proline is incorporated by the epithelium and not transferred to 
the epithelium from the dermis. 

The synthesis of collagen by the epithelium was tested first by 
hydroryproline synthesis and incorparation (a product of 
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Table 1 Epithelial spreading in the presence of the proline analogue L-azetidine-2-carboxylic acid 





Experimental conditions 

DME + HS (control) 

DME + HS + cycloheximide (1 pg ті!) 
DME + HS + cycloheximide (5 pg ml” 5 

DME+HS+LACA (1 ug ml *) 

DME+HS+LACA (10 pg ml ^) 

DME * HS - LACA (100 pg ml ^!) 

DME +HS+ LACA (10 ug ml ^!) for 1 d and then DME + HS for 2d 
DME + HS + proline (200 pg тї!) 

DME + HS - LACA (10 pg ml ^!) * proline (200 pg ті) 
DME+HS+LACA (100 pg ті!) + proline (200 ug ті!) 


Linear outgrowth 


at 3 d (um) 95 Of control Epiboly (96) 
465 + 34 (35) 100 96+4 (9) 
0+0 (5) 0 Not done 
0+0 (12) 0 Not done 
52765 (6) 113 Not done 
48+ 15 (32) 10 §+1 (11) 
0+0 (11) 0 0+0 (9) 
273 +33 (10) 113* Not done 
459431 (16) 99 100+ 0 (12) 
442 + 52 (12) 95 95+4 (11) 
254+27(13) 58 89 +6 (8) 


a Pa a ia MÀ MÀ À— € HÀ MH M HM i MÀ eÀÀ——— !oená—Battn tr S áÁÀ 


Outgrowth and epiboly experiments were set up as previously described^?. Linear outgrowth is recorded as the maximal radial spread of 
epithelium measured from the explant edge. The data are recorded as the mean + s.e.m. (no. of observations). Outgrowth in the presence of 
DME + HS for 3 d was used as the control in calculating the percent of outgrowth except for the recovery experiment (indicated by asterisk), where 
outgrowth after 2d in DME--HS was used as the control. Epiboly is expressed as the mean per cent of the lower explant covered by 
epithelium +s.e.m. (no. of observations) after 2 d of incubation. HS was prepared as previously described??. 


collagen biosynthesis), and second by incorporation of ?H- 
proline into antigen precipitable by monospecific collagen anti- 
bodies. The synthesis of hydroxyproline by the epidermis was 
tested using epiboly explants incubated for 24 h in the condi- 
tions described in the legend to Fig. 1; however, in these 
experiments the *H-proline pulse was given for 24 h. The epi- 
dermis was removed from the dermis after incubating in hot 
water (55°C) by the method of Marrs and Voorhees’, The 
epidermis was then hydrolysed and the hydrolysate analysed by 
the thin-layer chromatographic technique of Myhill and 





Jackson'', Approximately 4% of the applied counts co- 
migrated with the hydroxyproline standard (H6002 Sigma). 
To test for the incorporation of proline into collagen antigen, 
*H-proline-pulsed explants (grown as described in the legend to 
Fig. 1) were homogenised and extracted in 0.1 M acetic acid 
(24 hat 4 °C). The supernatant was dialysed (0.01 M acetic acid) 
and lyophilised. The dried collagen was suspended (0.01 M 
acetic acid to 100 pg ml!) and dialysed into neutral buffer 
(0.05 M Tris-HCl, pH 7.5, 0.15 M NaCl). To 0.2 ml of this 
solution, 0.1-ml aliquots of AB, collagen antibody (or normal 


Fig. 1 Autoradiography and collagen immunofluorescence of epithelial 
outgrowth and epiboly. Using our previously described in vitro explant 
system^", 0.2-cm disks of 6- 10-week-old mouse ear skin were grown for 3 d 
on 0.22 рт sterile Millipore filters in DME containing 5 mg mr! dialysed 
and lyophilised human serum in 95% air, 5% CO» and saturated water at 
37°C. By 3d appreciable epithelial outgrowth had extended from the 
explant over the filter. For the epiboly experiments, using the same tissue 
culture set-up, skin disks were floated on identical medium for 48 h. For both 
sets of experiments, at the indicated times the tissues were removed, fixed in 
10% buffered formalin and prepared for light histological examination as 
previously described“”, Autoradiography was carried out as described 
elsewhere??; the explants were pulsed for 2h in medium containing L- 
(2,3*H]proline (3 pCi m^!) (NEN, specific activity 20 Ci mmol"). Types I 
and HII collagen were isolated from rat skin and types I, Шапа AB; collagen 
prepared from human placental membranes” by previously described 
methods. Type IV collagen was prepared from EHS sarcoma ^. The 
collagens were judged pure by SDS-polyacrylamide gel electrophoresis of a 
chains (5%), CNBr peptides (7.5%) and amino acid composition. Rabbit 
antibodies were purified by cross-absorption on Sepharose affinity columns 
containing all other collagen types, followed by absorption affinity chroma- 
tography on a column containing the collagen type against which the serum 
was raised. They were of high titre (1: 25,000 to 1: 100,000) and specific for 
the collagen against which they were raised, as tested by haemagglutination, 
haemagglutination inhibition and/or radioimmunoassay 740. 
Immunofluorescence (IF) staining and microscopy of frozen sections of 
outgrowth and epiboly tissues were done using standard techniques with 
fluorescein-labelled sheep anti-rabbit IgG. Immunological cross-reactivity 
between mouse and rat collagens (I and III) and between human and mouse 
collagen (АВ) was demonstrated by tissue immunofluorescence and 
haemagglutination inhibition (type I and АВ») and radioimmune assay (type 
IID. 1a, Autoradiography of outgrowth, epithelium over dermal plug 
(magnification x500); b, autoradiography of epithelial outgrowth 
(magnification x 500). IF using antitype I collagen antibody of skin disk (1c) 
ithe centrally lying non-fluorescent structure is a hair follicle) (magnification 
x500), and epithelial outgrowth (1d) (magnification x500). IF using anti- 
type HI collagen antibody of skin disk (1e) (magnification x500) and 
epithelial outgrowth (1f) (magnification x500), IF using anti-type IV 
collagen antibody of skin disk (1g) (magnification x250) and epithelial 
outgrowth (ih) (magnification x500). IF using anti-type AB, collagen 
antibody of skin disk (1i) (here the label E is above the epidermis which 
fluoresces at all levels) (magnification X500), and epithelial outgrowth (15) 
(magnification X500), E, Epidermis; D, dermis; arrowheads, epithelial 
basement membrane; arrows, skin appendages; curved arrow, epithelial cell 
nucleus; open arrowheads, epithelial outgrowth. All fluorescence could be 
specifically inhibited by preincubation of antibody with 2.5 ug of the 
collagen being assayed but not by addition of other collagens. 
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rabbit serum) were added and the solution then incubated for 
24h (4°C). At this time 0.2 ml of sheep anti-rabbit IgG anti- 
serum was added followed by an additional 24 h incubation 
(4°C). The AB, collagen antibody precipitated 15% of the 
acetic acid-extractable counts. 

If migrating epithelium produces collagen, as the above 
studies suggest, is its continual synthesis necessary for epithelial 
movement? Inhibition studies testing this possibility are 
described in Table 1. No outgrowth occurred in the presence of 
the general protein synthesis inhibitor, cycloheximide, at 
concentrations of 1 and 5 pg per ml of medium. This observation 
agrees with the epiboly experiments of Gibbins". Using ‘the 
proline analogue L-azetidine-2-carboxylic acid (LACA), which 
affects collagen production’**, outgrowth and epiboly were 
studied. At 1 ug mI! LACA, no inhibition of outgrowth was 
found, whereas at 10 ug ml! and 100 pg mI", inhibition was 
9096 and 10096, respectively. Removal of the inhibitor after 
24 h led to the complete recovery of outgrowth. Adding L- 
proline to the medium (200 ше mI) completely reversed the 
inhibition at 10 ig mI! of LACA and partially corrected the 
inhibition at 100 pg mI" -LACA (Table 1). These experiments 
support the idea that the LACA effect is competitively inhibited 
by L-proline and that a proline-rich protein (perhaps collagen) is 
necessary for movement. ` 

It is easiest to interpret an inhibitor experiment if the inhibi- 
tion can be specifically reversed. If the proline-rich protein 
collagen is necessary for movement, it should theoretically be 
possible to observe movement in the presence of LACA if 
collagen were added back, that is, if collagen-coated dishes were 
used in the presence of LACA (Fig. 2). As observed in earlier 
studies?> on a plastic substratum, no epithelial outgrowth is seen 
before 24 h, but thereafter outgrowth is linear from 1 to 3 d (Fig. 
2a, continuous line). As seen in Fig. 2a, in the absence of 
collagen, outward spreading of epithelium abruptly stopped 
after the addition of LACA (100 pg mI?) to the medium. No 
outgrowth was seen if LACA was added at day 1 and no increase 
in outgrowth was seen-if it was added at day 2. On collagen- 
coated dishes (Fig. 25) the effect is only quantitatively different. 
In the absence of inhibitor and presence of collagen-coated 
substratum (types I, III, IV and АВ), outgrowth at 3 d is 59% 
greater than that on non-coated dishes (Student's г test P< 
0.005). If LACA was added at zero time or at 2 d, no further 
outgrowth occurred despite the collagen substratum. Adding 
the inhibitor to the outgrewth experiments after the epithelium 
had made contact with the substratum or to the epiboly experi- 
ments at any time caused the cessation of epithelial movement. 
Adding the collagen back in solution (types I, IIL, IV or AB;) 
(50-100 pg ml”) did not restore motility to outgrowth or epi- 
boly experiments in the presence of LACA. 

In these studies we have.demonstrated: (1) that migrating 
epithelium contains type AB, collagen but not types I, III and 
IV; (2) that migrating epithelium synthesises and incorporates 
hydroxyproline and actively incorporates proline into an antigen 
precipitable by antibody monospecific to type AB, collagen; (3) 
that the proline analogue LACA reversibly inhibits epithelial 
migration. One interpretation of these results is that migrating 
epithelium synthesises and contains type AB, collagen and that 
collagen production (synthesis and secretion) is necessary for 
movement. Although it is е simplest conclusion for these 
results, we do not have direct chemical evidence that collagen 
synthesis is necessary for movement. If only the presence of 
collagen in the extracellular environment were sufficient to 
support migration, the ''add-back' experiments (collagen- 
coated dishes and collagen-containing media) should have 
overcome the LACA effect. The failure to restore motility in 
these experiments in the presence of LACA may indicate a more 
complex relationship. First, it may be possible that other 
proline-containing proteins are necessary for movement. We 
think this is unlikely not only because the cells contain collagen, 
but also because the system is very sensitive to inhibition (10 pg 
of LACA is inhibitory) and therefore the necessary proteins 
must be proline-rich (collagen-like). Second, it is possible that 
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Time (d) 


outgrowth on non-coated (a) and coliagen-coated (5) 


radial measured стег a 3-4 period O—O, 
DME-HS (5mgm| ); x---x, DME+HS (5mgml )*LACA 
(100 mg ш). LACA addition x by arrows, Each point 
represents the mean of 6-14 experiments+tt.e. In b, the represent 
the final outgrowth after LACA (100 ng ml‘) was added at day 2 to 


other points are experunents with type I-coated dishes. The dishes were 
prepared by the method of Karasek and Charleton and the collagen 
concentrations were 50 pg cm ^. 


moving epithelial cells require the continual production of 
collagen which is cell-surface-associated or substratum-coated 
in a specific way which we have not been able to reproduce in the 
add-back experiments. 

Collagen has been sought in epithelium before, although to 
our knowledge this is the first demonstration of type AB; 
collagen in epithelium. We were surprised that migrating epi- 
thelium did not contain type IV collagen, as epithelium is 
believed to produce its own basement membrane!^7??, This 
observation is compatible with other studies which report that 
basement membrane material is not morphologically present 
below migrating epithelium during the initial stages of move- 
ment!??!- It is notable that AB, collagen has been found to be 
a component of some epithelial basement membranes??*, 

LACA, a cyclic imino-acid plant extract, has been found to be 
competitively incorporated into proteins in place of proline”. 
Its incorporation into collagen has been demonstra and the 
abnormal collagens formed seem to be inadequately secreted by 
the synthesising cell’*"*. The synthesis of an abnormal collagen 
and its inadequate secretion may explain our results in the 
presence of LACA. In contrast to the complete reversal by 
proline at low LACA concentrations (10 wg) (LACA/proline 
ratio of 1:20), only partial reversal was found at higher concen- 
trations (100 pg) (LACA/proline ratio of 1:2) (Table 1). The 
latter case may be due to the production of abnormal collagen 
secondary to significant LACA incorporation™ even in the 
presence of proline. 
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The specific role of AB; collagen in epithelial migration is still 
unknown. Other investigators have also found that collagen- 
coated substrata have a dramatic effect on various tissue culture 
systems (fibroblasts, mammary gland epithelium, hepatocytes, 
monocytes, corneal epithelium). The effect has included 
increased cellular adherence", differentiation?*?? and protein 
synthesis??. Therefore, the observed enhancement of epithelial 
migration when explants are grown on collagen substrata 
(regardless of type) is not surprising. This phenomenon may 
represent a general charge or ionic effect rather than a specific 
property of collagen?*. Recently, Kleinman et al.*' and Murray 
et al? have demonstrated in short-term cultures that dis- 
sociated epithelial cells attach preferentially to type IV collagen- 
coated dishes. As our studies deal with epithelial cell sheets and 
relatively long-term migration patterns, a meaningful 
comparison between these studies cannot be made. 

These experiments support the hypothesis that migrating 
epithelium contains AB, collagen and must liberate this 
collagen for continual movement. By understanding the inter- 
action of epithelial cells and collagen metabolism in this system, 
we hope to gain insight into the control of epithelial movement 
in particular and, perhaps, cell movement in general. 

This work was supported in part by CS grant IN31Q10, 
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Survival and development of 
ciliary ganglion 
neurones grown alone in cell culture 


NEURONAL cell death is a conspicuous part of development for 
many neuronal populations in the vertebrate nervous system, 
Although little is known about the mechanisms that control 
neurone death, it seems that interactions with the postsynaptic 
target tissue are important. Thus, for the chick ciliary ganglion 
(CG), Landmesser and Pilar showed that half of the neurones 
present die between days 8 and 13 in the embryo. Before cell 
death, all the neurones extend processes to the periphery. 
Ablating the periphery early in development causes more than 
9096 of the neurones to die at the normal time*. We have 
previously shown that nearly all the neurones from chick CG, 
including those destined to die in vivo, can survive and develop 
in cell culture when ganglia from 8-d-old embryos are dis- 
sociated and grown with skeletal myotubes*. Many of the 
neurones innervate myotubes in these conditions. Are 
neuromuscular synapses necessary to prevent the death of cili- 
ary ganglion neurones? We report here that they are not. 
Culture medium conditioned by contact with heart or skeletal 
muscle cells permits complete long-term survival of the dis- 
sociated neurones grown in the absence of other cell types. The 
neurones develop levels of choline acetyltransferase (CAT) 
activity comparable to those obtained for neurones grown with 
myotubes. 

Ciliary ganglia from 7-8-d-old chick embryos (Hamburger- 
Hamilton stages 32-34) were dissociated with trypsin as pre- 
viously described. The cells were plated in collagen-coated, 





Fig. 1 Dissociated CG neurones after 3 weeks in culture. CG 

neurones dissociated from 8-d-old embryonic ganglia were main- 

tained in heart-conditioned medium for 3 weeks. The photo was 
taken with phase contrast optics. Calibration bar: 100 pm. 
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Table 1 Culture medium requirements for survival of CG neurones 





Neuronal 
survival CAT activity 
(neurónes (fmol ACh 
per ganglion, per neurone 
Culture medium equivalent) per h) 
Conditioned + emb. ext. 6,900 + 400 22024 
Conditioned + emb. ext. + cytarabine 5,400 + 200 ND 
Unconditioned + emb. ext. 6,600 + 100 370430 
Conditioned 5,500+ 400 170+ 20 
Unconditioned 0 ND 





Catref were tested vits «su neamo! popon ашу) 
from 8-d embryos and were maintained for 11d in the indicated 
medium. The cultures were then examined for surviving neurones and 
for CAT activity. Each value represents the mean+s.e.m. of at least 7 
cultures from 2 or more cell platings. Heart cell cultures were used to 
condition the niedrum where applicable. For these experiments only, 
embryo extract (emb. ext.) was not present unless indicated. Cultures 
treated with cytosine arabinoside ( e) were exposed to a 
concentration o£ 107 * Monly during the first 2 dof the 11-d period. ND, 
not determined." 3 


16-mm Falcon tissue culture wells at a density of 1 ganglion 
equivalent (~6,500 neurones) per well. Cultures plated at lower 
cell densities yielded variable results. Standard culture medium 
congisted of Eagle's minimal essential medium supplemented 
with 10% heat-inactivated horse serum (Microbiological Asso- 
ciates), 5% (v/v) chick embryo extract (prepared from 10-d-old 

embryos as previously described‘), 50 pg ml! penicillin and 
50 U ml? streptomycin. In our initial studies we used condi- 
tioned medium prepared by incubating standard culture 
medium-with skeletal myotube or heart cell cultures for 72 h; the 
conditioned, medium was.passed through a Millipore filter 
before use, 

When grown in conditioned medium, CG neurones rapidly 
extended processes and survived for many weeks in culture (Figs 
1, 2a). Combining the cell counts for neurone cultures 1-3 
weeks old yielded a value of 6,040 + 160 (s.e.m. 52 cultures) for 
the mean number of surviving neurones per ganglion used to 

prepare the cultures. This represents 93% of the neurones 
previously shown to be present at the time of dissection’. 
Ganglionic non-neuronal cells seemed to, be unnecessary for 
neuronal survival in these conditions, as few such cells were 
usually present (Fig. 1), Furthermore, 48-h exposure of the 
cultures to cytosine arabinoside, a drug that kills rapidly dividing 
cells: such as ganglionic non-neuronal cells?, only slightly 
reduced neuronal survival (Table 1). . 

Assays of CAT activity indicated that the neurones.continued 

to develop along cholinergic lines. CG neurones grown with'and 
without myotubes developed comparable levels of CAT activity, 
and the levels increased about 10-fold between days 3 and 15 in 
culture (Fig. 2b). Lactate dehydrogenase (LDH), a cytoplasmic 
enzyme common to many cell types, was assayed as a marker for 
cell cytoplasm. LDH activity increased three- to fourfold over 
the same period. Thus, at least a part of the increase in CAT 
activity represented an increase in specific activity (CAT/LDH), 
"ageing that neuronal development as well as net growth had 


pa of CG neurones’ was promoted independently by 
factors contributed by embryo extract in thé’ medium and by 
factors derived from heart cells during the conditioning period. 
Unconditioned medium containing embryo extract supported 
complete neuronal survival and the development of high levels 
of CAT activity (Table 1). Nearly complete survival was also 
achieved in heart-coriditioned medium lacking embryo extract, 
although lower levels of CAT activity were observed in this case. 
In unconditioned medium lacking embryo extract, the neurones 
failed to extend processes and degenerated after 1-2d. It 
remains to be detérmined how many factors are involved and 
whether the heart cell factors are the same as those found in 
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Fig.2 Survival and development of CG neurones in culture. CG 
neurones from 8-d-old embryos were grown either with skeletal 
myotubes or alone with heart-conditiored medium. At the 
indicated times cultures were counted for reurones by examining 
15 uniformly spaced fields of view at х2С0 with phase contrast 


(RN. and D.K.B., unpublished observations). After counting the 
neurones, cultures were assayed for CAT and LDH activity as 

described!*, Naphthy! vinyl pyridine (0.5 mM), а 
specific inhibitor of CAT, inhibited at least 80% of the activity. a, 
Neuronal survival; b, CAT and LDH actvity. Neurones grown 
alone, Г]; neurones grown with mytobues, 8; LDH activity for 
neurones grown alone, A. Each point represents the mean t s.e.m. 
for 7-10 cultures taken from 2—5 different cell platings. Back- 
ground values for CAT and LDH activitlos were determined on 
culture wells treated identically to cell cultures except for the 
omission of cells; background values were siways lees than 10% of 

Y the culture values and were sabtracted. 


embryo extract. The differences in CAT activity per neurone 
Observed for the various culture conditions (Table 1) raise the 
possibility that cholinergic development in the neurones may 
respond to different signals from those controlling neuronal 
survival. Other workers have described & factor in heart-condi- 
tioned F12 medium supplemented with 1096 fetal calf serum 
that permitted neurite extension by CG neurones in vitro, but 
did not promote long-term survival in “һе conditions used**, 
` These results demonstrate that neither nerve-muscle synapse 
formation nor direct contact with muscle cells is necessary for 
the survival and development of CG nsurones if appropriate 
"factors are supplied in the culture medium. (The role of possible 
üerve-nerve- synapees in such conditions? has not been 
'éxamined.) Furthermore, it is clear tha: CG neurones are not 
irreversibly committed to cell death in tivo, even as late as the 
beginning of the normal death period. It might be argued that 
neurones in culture remain trapped at a developmental stage 


‘before that at which death occurs in vico. We think that this is 


unlikely as the neurones innervated myotubes when present“ 
-and they developed high levels of CAT activity with or without 
myotubes. CAT activity on a per neurone basis at 15 d in culture 
- was about five times greater than that reported for the sum of 
activity for the CG plus iris (postsynaptic target) tissue for 8-d 
embryos ??, If the in vivo values could be corrected for contribu- 
tions for preganglionic terminals, the comparison would be even 






ourable. CAT levels did not increase as rapidly in 
ture, however, as they did in vivo. 

These findings are consistent with the suggestion that survival 
of parasympathetic neurones in vivo may be regulated in part by 
availability of a factor supplied by postsynaptic target cells''. 
Several lines of evidence support such a model for regulation of 
cell death for sympathetic neurones by nerve growth factor, 
although other interpretations of the data remain possible’?. 
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GABA and glycine may share the 
same conductance channel 
on cultured mammalian neurones 


ANALYSIS of conductance fluctuations induced during appli- 
cation of putative neurotransmitters to postsynaptic membranes 
has led to estimates of the unitary conductance and kinetics of 
the underlying ionic channels. Estimates have been made for a 
variety of receptor-coupled channels activated on invertebrate 
and vertebrate membranes (for review see ref. 1). Recently we 
have applied the technique to mouse spinal neurones grown in 
tissue culture and have estimated the conductance and duration 
of the single channel events underlying responses to the putative 
inhibitory transmitter y-aminobutyric acid (GABAY. We have 
extended our studies to another inhibitory transmitter, glycine, 
and report here that channels activated by glycine have proper- 
ties distinctly different from those activated by GABA and that 
the amino acid receptors may share a conductance mechanism. 

Neurones were dissociated from the spinal cords of 13-14-d- 
old mouse embryos and grown in tissue culture? until large 
enough to be penetrated with two microelectrodes (20-25 „М 
cell bodies). Recordings were made on the modified stage of an 
inverted microscope using phase contrast optics at х250 
magnification. GABA and glycine were applied to the cell body 
by microiontophoresis. MgCl; was added to a final concen- 
tration of 10 mM to suppress spontaneous synaptic activity and 
allow easier examination of the postsynaptic events. The 
temperature of the experiments was 26 = 1 °С. When recording 
with either KAc or KCI microelectrodes, the inversion potential 
of the GABA and glycine responses are identical, averaging 
about —63 mV with KAc microelectrodes and about —20 mV 
with KCl microelectrodes^. This difference in inversion poten- 
tial for the two recording situations is a result of increased 
intracellular Cl” concentration created by СІ leakage from KCI 
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Fig. 1 GABA and glycine activate channels with different 
conductances on the same spinal neurone grown in cell culture. a, 
Membrane current recordings from a neurone voltage clamped to 
—70 mV show inward current responses during iontophoresis of 
GABA (1, 2) and glycine (3, 4). lontophoresis duration is marked 
by bars above traces. Each pair of traces contains a d.c.-coupled 
trace above and a high-gain, a.c.-coupled trace below. Membrane 
current responses to GABA and glycine are associated with dose- 
dependent increases in the thickness of each trace, reflecting 
corresponding increases in conductance fluctuations. b, The vari- 
ance in current fluctuation is directly related to the amplitude of the 
membrane current response to GABA (O) and glycine (89). 
Increases in variance obtained during the two sets of responses 
shown in a were computed along with those observed during two 
other amino acid responses and these plotted as a function of 
membrane current response. The first three points are approxi- 
mated by straight lines whose slopes give estimates of single 
channel conductances of 16.4 pS and 36.4 pS for GABA and 
glycine, respectively. See text for explanation of deviations of the 
fourth points from the straight line. 





Current (nA) 


microelectrodes. Prolonged amino acid responses frequently 
reverse polarity when recorded with KAc microelectrodes, 
presumably due to the time-dependent change in driving force 
induced by sustained activation of СГ conductance*, In 
contrast, KCl recordings permit a relatively more stable, albeit 
altered, driving force. For these reasons fluctuation experiments 
have been carried out using KCl microelectrodes. 

Cells were voltage clamped so that the difference between the 
holding potential and the inversion potential for the amino acid 
responses (the driving force) was about 60 mV. Both amino 
acids caused a dose-dependent increase in inward current which 
was associated with a dose-dependent increase in the fluctua- 
tions of the current signal (Fig. 1). Amino acid-induced increase 
in variance was calculated by subtracting the baseline variance 
obtained before or after the iontophoretic application. This 
particular fluctuation analysis requires three basic assumptions: 
(1) the variance is derived from a statistical variation in the 
number of open ion channels activated by the amino acids about 
a mean level of open channels; (2) each ion channel event is 
rectangular and constant in amplitude; and (3) the probability of 
any channel being open is small’. With these assumptions an 
estimate of the single channel conductance, y, can be made from 
measurement of the agonist-induced variance, o^, using the 
equation 


y * a? /(M(V.— E,)) 


where AJ is the agonist-induced membrane current, V. is the 
potential to which the cell is voltage-clamped and E, is the 
reversal potential of the current response. Glycine current 
responses were associated with a larger variance than GABA 
current responses of similar amplitude. The first three points of 
both series of amino acid responses have been approximated by 
straight lines whose slopes give y values of 15 and 29 pS for 
GABA and glycine, respectively. The fourth points fall below 
the straight lines, indicating an apparent decrease in y. Both of 
the largest current responses were partially desensitised. The 
apparent decrease may reflect a large increase in the probability 
of non-desensitised channels being open, contrary to one of the 
assumptions on which fluctuation analysis is predicted. Esti- 
mates of y were made for GABA and glycine applied to the 
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same spinal neurones (n = 4) and to different spinal neurones 
(n = 12 cells for GABA and б cells for glycine). When the amino 
acids were compared on the same neurone y estimates were 
(mean + s.d.) 14.7 ::3 and 30.4 x 8.4 pS for GABA- (71 obser- 
vations) and glycine-activated channels (50 observations), 
respectively. Estimates made on separate cells were 18:: 8.2 pS 
for GABA (271 observations) and 30.4 +9.5 pS for glycine- 
activated channels (71 observations). 

Channel duration estimates were made by performing spec- 
tral analyses of baseline and amino acid-induced fluctuations 
and then subtracting the former from the latter power density 
spectra. Power density spectra were calculated as the Fourier 
transform of at least 8,192 point samples of the fluctuations 
digitised at 1, 2 or 5 ms per point’. Spectra of GABA- and 
glycine-induced fluctuations could usually be approximated by a 
single lorentzian of the form $(f)/S(0) = 1/1 (f/f. where 
S(f) is the spectral density as a function of frequency, f, and f, is 
the frequency where the spectral density has decreased to half 
the value of the zero-frequency asymptote, S(0), of the spec- 
trum. Such an approximation is consistent with the hypothesis 
that the fluctuations arise from a single population of channels 
whose duration is exponentially distributed. The average chan- 
nel duration, 7, on the same four neurones was 
(mean+s.d.) 26.7 +7.7 ms (71 observations) and 4.8: 1.3 ms 
(50 observations) for GABA- and glycine-activated channels, 
respectively. Estimates of durations derived from amino acid 
responses obtained on different neurones were 20--6.6 ms for 
GABA- (271 observations) and 5.21.6 ms for glycine- 
activated channels (71 observations). 

From these results it is clear that single channel properties 
activated by GABA and glycine are not identical, with GABA- 
induced events being lower in conductance and longer in dura- 
tion than those induced by glycine. The differences in the 
properties of the single channel events may reflect differential 
binding of the. amino acids to the same receptor-channel 
complex, as has been suggested to account for different single 
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Fig. 2 Power density spectra of amino acid-induced current 
fluctuations show different durations for GABA- (О) and glycine- 
(@) activated channels. These spectra were calculated from results 
obtained on the same spinal neurone as in Fig. 1. The spectra 
shown are the differences between spectra derived from amino 
acid-induced fluctuations and those derived from baseline fluctua- 
tions. They have been normalised by dividing each spectral density 
point, S( f), by the zero-frequency asymptote of the spectrum, S(0). 
Points across frequency bands have been averaged to smooth the 
spectra. The points are a ximated by lorentzans (solid lines) 
of the form S(f)/S(0)- 1/(1-(f/f)' ] Double arrowheads 
indicate the half-power frequency, fa which is related to mean 
channel duration, т, by т = із, In this cell, f, for GABA is6.5 Hx 
and f, for glycine 1s 41 Hz, corresponding to channel durations of 
© ~ 24.5 and 3.9 ms, respectively. 
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Fig. 3 GABA and glycine interact on cu tured spinal neurones 
The cell illustrated was voltage clamped t —80 mV and GABA 
and glycine iontophoreeed either separately (a, control; c, reco- 
very) or together (4, during prolonged rontophoresis of GABA; d, 
during prolonged iontophoresis of glycine’. The amplitude of the 
GABA current response is markedly depressed and its time course 
slowed when superimposed on a prolonge, desensitising dose of 
GABA (b, left-hand trace). A depression of the glycine current 
response without apparent change in time course is also evident 
during prolonged GABA iontophoresis (4, right-hand trace). 
Conversely, the GABA response is markzdly depressed without 
apparent change in time course dunng orolonged glycme ion- 
tophoreems (d, left-hand trace). The gircine response is also 
considerably depressed and its time covrse slowed during the 
prolonged, desensitising glycine applicaticn (d, right-hand trace). 


channel events activated by various chol nergic agonists applied 
to endplate regions of muscle membranes‘. However, a single 
receptor site for neutral amino acids or spinal neurones is not 
supported by several lines of investiga-ion. Convulsant drugs 
can selectively antagonise the pharmacological responses of 
spinal and sensory neurones to either of rhe amino acids without 
affecting responses to the other^?, The amino acids do not 
affect each other's affinity for receptor sites as reflected in 
binding studies on membranes extracted from the central 
nervous system (refs 11-13 and E. J Peck, personal com- 
munication). Structure-activity studies with conformationally 
restricted GABA analogues have indicated an 'active con- 
formation’ of GABA which cannot be matched by any 
configuration of glycine!^. Some membranes respond to GABA 
but not to glycine/^!$, We have aso found a selective 
antagonism of the amino acid responses on cultured spinal 
neurones by specific convulsants (refs 17, 18 and unpublished 
Observations) and a selective enhancement of GABA responses 
by barbiturates!??? and benzodiazepines"'. Cultured cells grown 
in the presence of GABA respond to glycine but not GABA, 
while cells grown in glycine respond to GABA, but not gly- 
cine”. These findings, coupled with the present results, suggest 
that the different single channel properties activated by GABA 
and glycine reflect engagement of phys:cally distinct receptor- 
channel complexes on neuronal membranes. 

This notion is not supported by observations made on amino 
acid current responses elicited on membranes acutely desen- 
sitised to one or the other amino acid. For example, sustained 
applications of GABA induced a current and conductance 
response which rapidly desensitised. Current and conductance 
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responses to glycine iontophoresed onto membranes desen- 
sitised to GABA were depressed in a reversible manner relative 
to those obtained in the absence of GABA, while the time 
course of the responses did not seem to be altered (Fig. 3a-c). 
(The time course of desensitised GABA and glycine responses 
was always slower than those obtained in control.) Conversely, 
sustained application of glycine sufficient to induce desen- 
sitisation of glycine responses reversibly depressed the current 
and conductance response to GABA relative to control with 
little change in its time course (Fig. 3d). Similar depressions of 
one amino acid response during sustained iontophoresis of the 
other were observed in each of 11 spinal cord cells where the 
interaction was examined. The depressions of the amino acid 
responses were not associated with a change in the driving force 
for the amino acid responses (unpublished observations). 

One explanation for these results is that both amino acids can 
compete for each receptor site but only activate conductance at 
the appropriate receptor. The inappropriate amino acid would 
thus interfere with channel activation by the appropriate amino 
acid at the receptor. However, a variety of studies have failed to 
show an interaction between the amino acids (refs 11-13, 22, E. 
J. Peck, personal communication) and we have found that 
GABA responses elicited on cultured dorsal root ganglion cells 
are not altered by sustained application of glycine, which does 
not affect the membrane properties of the cells (unpublished 
observations). Thus, it seems unlikely that the interaction takes 
place at the receptor level. Alternatively, GABA and glycine 
receptors may share a common channel which can still be 
activated by glycine when GABA receptors are largely desen- 
sitised but which is difficult to activate by GABA when glycine 
receptors are only partially desensitised and thus almost 
continuously using these channels. This latter explanation 
suggests that postsynaptic Cl” conductance mechanisms might 
be coupled to several amino acid receptors and that the proper- 
ties of the resulting single channel event are determined by the 
type of amino acid released from presynaptic terminals. 
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Acetylcholine receptors in 
organ-cultured human muscle fibres 


ORGAN culture of nerve and muscle facilitates investigations 
which cannot easily be carried out in situ! ^. We have developed 
a method for maintaining human muscle in organ culture which 
should allow us to investigate normal as well as various 
pathological properties of muscle fibres. We report here the use 
of these preparations to compare junctional and extrajunctional 
channels, induced by acetylcholine (ACh), in human muscle. In 
addition we have made a preliminary study of miniature end- 
plate currents, in normal and myasthenia gravis endplates, 
following organ culture. 

Human intercostal herve-muscle obtained from myasthenia 
gravis and control patients was dissected in sterile conditions to 
give small bundles of fibres (~ 100). Fibre bundles were pinned 
through their tendons and mounted, under slight tension, on 
Sylgard frames. They were maintained in Trowell's T-8 culture 
medium (Gibco) or Dulbecco's minimal essential medium 
(Gibco) containing 100 IU ml! penicillin and streptomycin and 
0.02 mM glutamine in an atmosphere of 95% О,/5% СО, (ref. 
3). Cultured muscle fibres had ‘overshooting’ action potentials 
and resting potentials of over 70 mV, and remained viable for 
periods of at least 2 weeks at a constant temperature of 23 °С. At 
this temperature the rate of metabolism is greatly reduced". 
Electrophysiological methods were as previously described". 

Extrajunctional ACh sensitivity was studied at the muscle- 
tendon junction, where it is known to occur in other species^". A 
voltage recording intracellular microelectrode was inserted near 
the tendon to measure the response to a 1-2 nC ionophoretic 
pulse of ACh applied to the surface of the fibre. The ACh pipette 
was moved in steps of 50-100 um (Fig. 1). Some fibres (approx- 
imately 5-50% ) of normal human muscle were found to have a 
marked ACh sensitivity at the tendon junction. The sensitive 
area covered a length of ~800 jum, that is, a small fraction of the 
total fibre length of approximately 1-2 cm. The peak of sensi- 
tivity sometimes occurred several hundred рт away from the 
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Еір.1 а, Distribution of extrajunctional acetylcholine sensitivity, 
at the muscle-tendon junction of a fresh normal human muscle 
fibre, measured in response to 2 nC pulses of ACh applied from a 
micropipette at various distances from the tendon. Note that the 
peak of sensitivity in this fibre apparently occurs at 600 pm from 
the tendon although the presence of connective tissue in the tendon 
region makes the actual site of peak sensitivity uncertain. At 
800 рт or more from the tendon, sensitivity was undetectable. b, 
Examples of the potential changes produced by ACh applied to the 
tendon region (at 480, 600, 700 and 800 pm from the tendon); 
same experiment, as shown in graph. The drug ejection currents 
passing through the micropipette are monitored on the lower trace 
in each pair. Calibration 1 mV or 2 nC, 500 ms. 
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Fig. 2 Power spectra of current noise produced by steady ion- 
ophoretic application of acetylcholine to a voltage clamped end- 
plate (8) and an extrajunctional site at the muscle-tendon junction 
(А) in human muscle cultured at 23 °C for 5 d. The spectra are from 
two fibres, in the same bundle, at clamp holding potential Vm = 
—80 mV, temperature, 21 °C. Endplate spectrum (@) was obtained 
from 136 averaged spectra (four noise runs). Half-power frequency 
indicated by arrow is /. = 87 Hz, hence тоне = 1.8 ms. Mean cur- 
rent, ш = 19.7 nA and the single channel conductance calculated 
from the fitted lorentzian curve is, y = 25.14 pS. Extrajunctional 
spectrum (A) was obtained from 76 averaged spectra (three noise 
runs) Half-power frequency indicated by arrow is ў. = 35 Hz, 
hence Tpoice = 4.5 ms. Mean current, i, = 4.8 nA and the single 
channel conductance calculated from the fitted curve is, y — 
11.75 pS. Vertical axis applies to the extrajunctional spectrum; 
multiplication of the ordinate values by 3.03 gives the spectral 
density values (А? s) for the endplate noise. After feeding into a 
1,000-Hz active (1//5) low pass filter, data was digitalized at 
2,000-Hz sample rate and edited to remove spontaneous, minia- 
tures and artefacts. Control noise, taken immediately before ap- 
plication of ACh, has been subtracted. Fast Fourier transform was 
calculated for 512 point segments. The single channel conductance 
was normally estimated from both the variance, о?, of the current 
noise and the zero frequency asymptote, S(0), of the spectrum; 
yc /u(Va- V.) and у= S(0)f./ui(Vm—-Veq) where the 
equilibrium potential, Veq, for ACh was taken as zero mV. 


tendon (Fig. 1). Normally, sensitivity was not detectable 
between the tendon junction and the endplate. Fibres cultured 
for up to 14 d did not acquire sensitivity in this region. Also, in 
only one out of eight cultures kept at 36 °C for up to 14 d did we 
find evidence for denervation supersensitivity. This is in sharp 
contrast to what has been found in rat muscles which rapidly 
acquire supersensitivity in the whole fibre after denervation in 
similar culture conditions’. 

Acetylcholine sensitivity was not detected in the muscle 
tendon region of any of the myasthenic muscles studied (16 
fibres, 3 muscles). This is probably related to the same process 
which causes reduced ACh sensitivity of endplates in myas- 
thenic fibres. 

Properties of junctional and extrajunctional channels were 
compared in normal human muscle cultured at 23 °C by analys- 
ing the voltage clamped noise"? which occurred during steady 
ionophoretic application of ACh to a junctional site or to a 
tendon region. Power density spectra of current fluctuations are 
shown in Fig. 2. In most cases spectra were fitted with a single 
lorentzian component (1/frequency?), and the frequency, f., at 
which the power is reduced to one half of its maximum value, 
gave the mean life-time of the open channel, Typos, according to 
Таове = 1/(2т/.). Power spectra of junctional and extra- 
junctional noise are similar in form (Fig. 2) but their 
half-power frequencies differ revealing that the open-state of 


de 


extrajunctional channels is prolonged when compared with that 
of endplate channels. 

In the example shown in Fig. 2 extrajunctional channels have 
a mean life-time of 4.5 ms compared with 1.8ms for the 
junctional channel from the same muscle. The mean open-time 
of junctional channels in culture was Troi (functional) = 
1.55+0.08 тѕ (n=7 fibres); the comparable value. for 
extrajunctional channels was Taise  (extrajunctional) = ` 
3.52:0.27 ms (п =5 fibres), V,--—80mV, temperature, 
21°C. The single channel conductance, y, derived from both the 
variance of the current noise and the zero frequency asymptote 
of the spectra, was in the range 20-25 pS for endplate channels 
and 11-16 pS for extrajunctional channels. The values of these 
channel parameters are similar to those obtained in the same 
muscles before culturing (see also ref. 11). 

In both normal and myasthenic endplates miniature endplate 
currents (m.e.p.cs) are present for 5-7 d in muscles cultured at 
23 °C indicating the time required for denervation of the end- 
plates. It was therefore possible to assess the sensitivity of fresh 
and cultured endplates by comparing tieir m.e.p.c. amplitudes. 
Myasthenic m.e.p.cs are small apparently due to binding of 
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Fig. 3 a, Examples of miniature endplate currents at a fresh 
normal human endplate (left) and at ак endplate from the same 
muscle after 5 d in culture (right). m.e.».cs were recorded under 
voltage clamp ( Vm = —80 mV, temperature, 21°C) in the presence 
of prostigmine 2x 10" g ml! through a 500-Hz low pass filter 
which prolongs the rising phase and slightly attenuates the ampli- 
tude, Calibration, 5 nA and 10.ms. b, Amplitude distributions of 
m.e.p.cs at a voltage clamped myasthenic human endplate in fresh 
muscle (left) and at an endplate from the same muscle after 6 d in 
culture (right). Mean m.e.p.c. amplitude (arrows) at the. fresh 
endplate = 0.99 + 0.06 nA (meant s.e.m.); mean mepe. ampli- 
tude at an endplate after 6 d culture = 1.06 0.03 nA. mepes 
were obtained in the presence of prostigmine 2х 1077 gmt? 
(Vin = —80 mV, temperature, 21 ^C). Background noise level is 
indicated by arrows on abscissa. 
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anti-receptor’ antibodies to the ACh-receptor?, which may 
cause a loss of functional receptors **, and also a reduction in 
* their number through an increased rate of degradation ^7, As 
circulating anti- receptor antibody occurs in-the plasma of myas- 
thenic patients", the possibility arises that in its absence the 
m.e.p.cs would increase in amplitude if antibody could detach 
from receptors or if new receptors were incorporated into the 
membrane; although the latter process should be far from 
optimal in culture conditions at 23 °C., 

The amplitude of m.e.p.cs at normal human endplates is not 
_ markedly changed after 5-6 d in our culture conditions. Figure 
' 3a shows examples of m.e.p.cs recorded from a.voltage-clam- 
ped normal endplate at zero culture time and from another 
endplate in the same muscle 5 d later (Va = —80 mV, tempera- 
ture, 21°C, prostigmine 2x 1077 g ml"). In cultures of three 
myasthenic muscles there was no marked change. in m.e.p.c. 
amplitudes after 5—7 d. Amplitude distributions of myasthenic 
m.e,p.c from one endplate ‘before culture апа 
from another endplate in the same muscle 6 d later are shown in 
Fig. 35. . 
' We conclude that extrajunctional ACh receptors are normally 
present in some adult human muscle fibres and that the channels 
they operate ‘differ from endplate channels. in:their kinetic 
properties. This is analogous to the situation in denervated 
frog*'?, rat and mouse” muscle where properties of junctional 
and extrajunctional channels show differences comparable to 
those described here. However, the single channel life-time and 
conductance of the extrajunctional channels in adult human 
muscle are smaller than those in cultured human’ myotubes?! 
This dissimilarity as well as that between junctional and extra- 
junctional receptors in adult. fibres’ may reflect differences 
in the receptor molecules themselves or in their membrane 
> environment.- ў 

Finally our experiments indicate that if some of the reduced 
ACh sensitivity of myasthenia gravis endplates results from 
binding of an anti-receptor antibody, as has been suggested, 
then the antibody-receptor combination is practically irrever- 
sible when the muscle is maintained at 23 °C or the antibodies 
may unbind but leave the receptors still in a non-functional 
state. 
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Is the red cell 
calcium pump regulated by ATP? 


THE very low physiological level of calcium in the human red 
cellis maintained by a powerful ATP-fuelled Ca extrusion pump 
which has been extensively studied!. Recently evidence has 
been accumulating that the kinetic properties of the active Ca 
flux and associated (Са + Mg)ATPase activity depend very much 
on the experimental conditions and/or the manner of prep- 
aration of the red cell membranes or resealed ghosts? ^. The 
variability may reflect the nature or degree of interaction 
between the membrane Ca and a cytoplasmic activator 
protein described recentl which could be involved in 
regulation of physiological Ca levels. In previous work with 
whole red cells*? or resealed ghosta!? the concentrations of the 
major Ca pump ligands, A'TP and/or Ca, have been changing 
during the course of the reaction. Because of the possible 
importance of the ligand conditions in assessing the physiologi- 
cal functioning of the Ca pump, we have looked at (Ca + Mg)- 
dependent ATP hydrolysis in resealed ghosts with buffered ATP 
and Ca levels and at the active Ca бих with a buffered ATP level. 
The experirhents reported here show that: both the ATP 
hydrolysis and the Ca flux are activated with two distinct ATP 
affinities and tliis raises the possibility of regulation of the Ca 
pump by ATP in the region of the Iower affinity. 

For the ATPase measurements, the internal ATP concen- 
tration was clamped at a fixed level by incorporating 
[y-7P]ATP and a regenerating system into the ghosts. The 
regenerating system consisted of creatine kinase and creatine 
phosphate in chemical and isotopic equilibrium with the ATP. 
The method (details of which are given in the legend to Fig. 1) 
was developed previously!' and has the advantage of allowing 
measurement of ATP hydrolysis at very low concentrations. The 
free Ca levels in the cells were maintained in the range 10™ to 
107* M by incorporating Ca buffers into the cells and equilibrat- 
ing the Ca concentrations across the membranes by means of the 
Ca-ionophore A23817. Figure 1 shows а time course of ”Pi 
release in cells prepared to contain 50 „М ATP and about 6 „М 
free Ca?*. Measurements of the internal Ca by flame- pho- 
tometiy showed that it was approximately equal to the external 
Ca concentration at the beginning of the test incubation and 
remained constant (not shown). The rate of “Pi release was - 
constant for about 15 min during which time the total ATP 
content of the ghosts must have turned over about 40 times. 
Linearity has been observed regularly at 1-1,000 M. ATP 
demonstrating effective regeneration of ATP even at the high 
rates of ATP hydrolysis observed. 

In several experiments in which ghosts were prepared to 
contain different Ca-buffer mixtures, and either 10 or 500 рМ 
ATP, the free Ca?* concentration which sustained the half- 
maximal ATPase activity was about 0.2 рМ, that is, a ‘high 
affinity’ (see refs 3, 4). 

Figure 2 shows the rate of (Ca-- Mg)-dependent ATP hy- 
drolysis as a function of the total ATP concentration in cells, 
with an optimal but relatively low free Ca?” concentration of 
6.3 uM. The curve is clearly biphasic. The kinetic parameters 
calculated from the curve show a high affinity component with 
Kn» 1-2 „М and a Vmax of about 4.7 mmol per | cells per h, and 
the low affinity region has a K,, of about 180 uM with an overall 
maximal rate of about 16 mmol per | cells per h. The rate of ATP 
hydrolysis in resealed ghosts without Ca, that is Mg-dependent 
ATPase, was subtracted from the total activity with Ca and Mg 
at all ATP concentrations. The rate of Mg-ATPase did not vary 
between 10 and 500 ùM ATP and the measured value of 
0.8 mmol per 1 cells per h was used to make the correction. The 
rate of (Cat+Mg)ATPase is presumably somewhat under- 
estimated at very low ATP concentrations (« 10 М) but this 
does not alter the activation pattern. 
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Fig. 1 (Ca+Mg)-dependent ATP hydrolysis i in resealed red cells 
containing buffered concentrations of Са?* ions; and ATP. See ref. 
11 for details. Preparation of [у-22 РЈАТР and ??P.-creatine phos- 
phate in chemical, and isotopic equilibrium: 2504M of 
ATP(containing [ у-??Р]АТР 1 x 10 c.p.m.) was added to 1 ml of a 
solution containing 50 mM creatine phosphate, 0.5 mM creatine, 
12.5 mM MgCh, 25 mM inosine, 0.5 mM ouabain, 50 mM HEPES 
(Tris) (pH 7.4 at 22°C) and 25 units of creatine kinase and 
hexokinase. After 1 h incubation at 37 °C, 5 pmol of HEDTA (pH 
7.4 at 22 °C) was added, the solution was diluted 5 times and kept at 
0°C, Preparation of resealed ghosts and measurement of ATP 
hydrolysis: red blood cells were washed 3 times with a standard 
‘wash solution’ which contained: 130 mM NaCl, 10 mM KC], 
2.5 mM MgCl, and 10 mM HEPES (Tris) (pH 7.4 at 22 °C). The 
cellular ATP was depleted by incubating the cells for 60 min at 
37°C in a medium containing 6 mM inosine and 6 mM 
iodoacetamide. The cells were then washed 3 times at room 
temperature to remove inosine and iodoacetamide and packed at 
1,500g for 10 min. Packed cells were lysed in 9 times their own 
volume of the diluted ice-cold solution containing the ATP 
regeneration system. After 2 min 2 M NaCl was added to restore 
the tonicity to 310 ideal milliosmolar, and the ghosts were 
incubated at 37°C for 10 min. The resealed ghosts were then 
washed 3 times, the first and third time with ice-cold medium and 
the second wash at room temperature. The final intracellular 
concentrations were: NaCl, 130 mM; MgCl, 2.5 mM; HEDTA, 
1 mM; ATP (+[у-??Р]АТР), 50 „М; creatine phosphate, 10 mM; 
HEPES (Tris), 10mM pH 7.4; creatine, 100 „М; ouabain 
0.1 mM; creatine kinase 5 units per ml and hexokinase 5 units per 
ml. The ghosts were packed at 25,000g for 1 min, suspended to 
3-596 haematocrit in ice-cold wash solution containing 0.1 mM 
ouabain, and CaCl, | 0. 71mM plus HEDTA 1 mM, calculated to 
give 6.3 um free Ca** (see ref. 12). Ca ionophore (A23187) was 
then added to a final concentration of 10 uM and the ghosts were 
incubated for 20 min at 0°C and for 5 min at 37°C before the 
measurements were begun. At various times at 37?C the ATP 
hydrolysis was terminated by the addition of glucose to a final 
concentration of 15 mM and further 10 min incubation at 37 *C 
(this converts the remaining creatine phosphate and ATP to 
glucose-6-phosphate). The membranes were precipitated by 596 
perchloric acid. 1 ml of membrane free extract was shaken for 30 s 
with 4 ml 0.5% ammonium molybdate in 5% (w/v) perchloric acid 
and 2 ml isobutanol, and the tubes were centrifuged at 1,000g for 
30 s. Measured portions of the isobutanol layer were transferred to 
vials containing 0.5 ml of 2M Tris solution and 8.5 ml Bray's 
scintillation fluid, and counted. The total ??P counts were estimated 
by boiling 1 ml of the ghost suspension with 1 M НСІ for 15 min 
and extracting ??P as above. The rate of ATP hydrolysis is cal- 
culated from the fraction of breakdown of total phosphate sub- 
Strate (creatine phosphate + ATP) per given time. Each point 
represents the average value + 1 s.e.m. from tubes incubated in 
triplicate. 
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Experience showed that to observe biphasic curves the free 
Ca^* within the cell must be less than about 1 mM. At higher 
concentrations (3-6 mM) we have observed an apparent 
hyperbolic saturation by ATP with a Km of 5-10 „М and a 
severely depressed maximal rate of 3-6 mmol per | cells per h. 
The difference in the observed type of beaaviour at low and high 
Ca is attributable to this inhibitory effect of high Ca concen- 
trations, which is much more effective at the higher ATP 
concentrations than in the low ATP coacentration range (not 
shown). 

The curve in Fig. 2 could indicate thet ATP combines twice 
with the Ca pump per turnover but it might also be explained by 
the action of two different (Ca + Mg)-dependent enzymes with 
only one involved in Ca transport. 1 was therefore also 
important to look at the ATP dependence of the active Ca flux. 
For the flux experiment of Fig. 3 the ATP levels were buffered 
again by the use of the creatine phosphate-creatine kinase 
system and the cells were loaded with 2.5 mM Caí( + Ca). Here, 
of course it is not possible to use the ionophore and so the 
internal Ca concentration drops during the course of the 
incubation. The cells in this experiment contained less than 
1 mM total Ca immediately before the test incubation. The rate 
of “Са efflux was constant for 5-15 min at the different ATP 
concentrations. A biphasic behaviour is clearly observed. The 
kinetic parameters for the two regions are respectively K,,~ 
2 uM, Ум, 2.2 mmol perl cells per h and Km = 190 pM with an 
overall Vmax of 7.3 mmol per | cells per b. Again if much higher 
initial Ca concentrations were used the biphasic pattern could 
not be clearly distinguished. In Fig. 3 the rates of Ca efflux are 
appreciably lower than the ATPase measured with low free Са?” 
concentration plus ionophore (see Fig. 2). This is due to a 
significant inhibitory effect of Ca even at the 0.5-1 mM level 
present in the flux experiment. The Ca inhibition seems to affect 
the Уш, or turnover rate of the Ca pump without altering the 
apparent affinities or K,, for ATP. In parallel measurements of 
ATP hydrolysis estimated as in Fig. 2 but without ionophore, 
and Ca flux, made with ghosts containing 0.5-1 mM Са?“ and 
10 pM or 500 uM ATP, we have observed a ratio of Ca efflux to 
(Ca+Mg)-dependent ATP hydrolysis cf 0.93 and 1.08 at the 
two ATP concentrations. This confirms the figure reported 


originally by Schatzmann'?. 
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Fig. 2 ATP dependence of the (Ca-- Mg)ATPase in resealed 
ghosts. Ghosts were prepared essentially as described in the legend 
to Fig. 1 except that: (1) the cells had beensstarved for 24 h at 37 °С 
in the glucose free wash solution containiag also 92 mM EGTA 
with no added Ca, and chloramphenicol (25 ug ml"), before a 2-h 
incubation with inosine and iodoacetamide; and (2) the lysing 
solution contained the appropriate concentrations of [ y- ° P]ATP, 

together with the ATP regeneration system. For measurement of 
(Са + Mg)ATP hydrolysis the cells were :ncubated at 37°C for 
15-60 min according to their ATP concentration, The rate of 
Mg-dependent ATP hydrolysis was measured over а 120 min 
incubation period in cells containing 10 uM or 500 uM ATP, and 

| 1 mM EGTA. 
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Fig. 3 ATP dependence of active Ca efflux from resealed ghosts. 
' Red cells were washed as in the legend to Fig. 1 and starved as 
described іп Ње legend to Fig. 2. 0.5 ml of packed starved red cells 
` was lysed in 4.5 ml of ice-cold lysing solution containing: ATP, ` 
1-1,000 uM as indicated, creatine phosphate, 10 mM creatine 
kinase 25 units. CaCl, (containing *Ca2x10$c.p.m.) 2.5 mM; ° 
HEDTA, 1 mM; MgCh, 2.5 mM; HEPES (Tris), 10 mM(pH 7.4 at 
22 °C); inomne, 5 mM; and ouabain 0.1 mM. After 2 min2 M NaCl 
was added to restore tonicity to 310 ideal milliosmolar. The cells 
were incubated for 10 min at 37 °C and washed 9s in the legend to 
Fig. 1 (EGTA, 0.5 mM was added to the warm wash solution). The 
cells were then suspended at 2-3% haematocrit in ice-cold wash 
solution. The Ca flux was initiated by transferring the tubes to a 
37°C water bath: At various times the efflux was terminated by 
removal of 0.5 ml of the suspension into 0.7 ml of ice-cold wash 
solution containing 170 pM-LaCl,. The cells were spun down for 
2min at 12,000g in an Eppendorf- Microcentrifuge, and 1 ml 
supernatant was transferred into vials containing 9 mi of Brays 
scintillation fluid, and counted. Radioactivity in the supernatant at 
zero time was subtracted from that at all other incubation times. 
The total “Са counts present initially in the cells was obtained by 
allowing complete effiix in a 2-h incubation at 37°C. The concen- 
tration of Ca in the celis before the 37°C incubation waa estimated 
either from the total radioactivity per known volume of cells and 
thie specific асана the МОВ the Туве solution: af by flame 
photometry. For the latter measurement 50 ul of ghosts of known 
haemotocrit (25-50%) were lysed in i ml of perchloric acid 
1.5% w/v. The precipitated protein was spun down and the 
supernatant Ca was read against standard CaCl, solutions, 25— 
100 M made up in 1.5% PCA and the appropriate volume of 
wash solution (containing NaCl) added with the cell suspension 
Both methods give similar results. In the experiment of Fig. 3 the 
Initial Ca concentrations were 0.8+1.1 mM. The rate is calculated 
from the fractional efftux of the total Ca per grven time. Each point ' 
represents the average value +1 s.e.m. from tubes incubeted in 
triplicate. 


The biphasic ATP activation curve and the constancy of the 
ratio of Ca flux to ATP hydrolysis at 10 and 500 uM ATP 
suggest strongly that the ATP hydrolysis at both high and low 
ATP levels (Fig. 2) is involved in the working of the Ca pump. 

In previous observations of ATP activation of the ATPase, 
using broken membranes somewhat conflicting results have 
been reported. Wolf? and Schatzmann!* observed an apparent 
simple saturation behaviour with K, values for Mg-ATP in the 
range 20-50 uM. Wolf et al."*, working with a partially purified 
(Ca-- Mg)ATPase, and Sharf and Foder'*, have reported Hill 
coefficients of « 1 for activation by ATP but no evidence for a 
very high affinity activation as in the present resealed ghost 
experiments. On the other hand Sarkadi ef al.’’, looking at the 
active Ca flux in inside-out vesicles have.seen a high ATP 
affinity. It seems possible that the differences between the 
resealed ghosts and broken membranes reflect. changes that 
occur during the membrane preparations or result from the 

inhibitory effects of high Cá^* mentioned above. 

The reaction mechanism of the Ca pump- -associated (Са+ 
Mg)ATPase involves a phosphorylated intermediate'*. Rega 
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and Garrahan’® have shown that formation of the phos- 
phoenzyme requires ATP at 1-2 uM, that is, in the high affinity 
range. Thus it seems possible that the increase in the turnover 
rate at the higher ATP concentrations is a regulatory function of 
the nucleotide acting in a non-phosphorylating role. The cell 
membrane (Na+ K)ATPase is phosphorylated by ATP acting at 
a high affinity site and in addition an extra non-phosphorylating 
function of the ATP at a low affinity site is well documented for 
both kidney membranes” and resealed red cells where we 
previously reported biphasic ATP activation curves'!. The non- 
phosphorylating function of ATP involves regulation of the rate 
of a conformational transition, which is probably involved in the 
transport of K* ions 7. 

As the membrane Ca pump and Na pump show a number of 
similarities in the reaction mechanism it would be interesting if 
regulation of transport linked conformational changes by ATP is 
found to be another common feature of the active cation pumps. 

A23187 was kindly provided by Eli Lilly Co. Fresh blood was 
supplied by the Blood Bank of Kaplan Hospital Rehovot. 
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Physiological correlation between 
lactate dehydrogenase genotype 
and haemoglobin function in killifish 


ERYTHROCYTE organic phosphate concentration is known to 
be an heritable trait in both humans and rats'^. In humans this 
trait has been correlated with genetic variability of both pyru- 
vate kinase'and hexokinase?. However, similar phenomena have 
not been reported in lower vertebrates. During our studies on 
the allosteric regulation of fish haemoglobins by ATP (ref. 4) we 
observed significant variability in red céll ATP concentrations 
among individuals of the killifish Fundulus heteroclitus, and 
wondered whether this variability in organic phosphate could be 
the result of a genetic component. Consequently, we analysed F. 
heterochtus for' red cell. ATP, concomitantly screening for 
enzyme variants. We report here that not only are ATP levels 
under genetic control, but they are also highly correlated with 
lactate dehydrogenase (LDH) phenotype. To our knowledge, 
this is the first such correlation reported. Moreover, as ATP is 
the major allosteric modifier of F. heteroclitus haemoglobin- 
oxygen affinity^5, this study provides a basis for an association 
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Fig. 1 Oxygen equilibria curves for whole blood from F. hetero- 
clitus determined with an Aminco oxygen dissociation analyser. 
The ordinate is the fractional saturation of haemoglobin by oxygen 
and the abscissa the partial pressure of oxygen (po,) in mm Hg. The 
standard errors of the mean po, (n = 6) for 50% saturation are 
represented by horizontal bars. Intra-erythrocyte ATP/Hb ratios 
for the three phenotypes are presented in the inset. ATP was 
determined by the firefly luciferase assay!'. Fundulus haemoglobin 
concentrations were determined as described previously?. The 
values for ATP/Hb are: a, LDH-B^B? = 1.27 +0.08 (n =6); b, 
LDH-B^B* =1.83+0.11 (п = 5); c, LDH-B^B* =2.00+0.06 
(n = 5). All animals were acclimated to laboratory conditions for 
30 d before assays. Temperature, 20.5?C, pH 7.4. 


between LDH and the fish's external environment through the 
physiological role of haemoglobin at the organism-environment 
interface. 

There are three major electrophoretically distinguishable 
phenotypes of the heart-type LDH (the LDH-B locus) in F. 
heteroclitus’*®. The polymorphism is due to two co-dominant 
alleles which exhibit a dramatic north-south cline in gene 
frequency along the Atlantic coast of the US?'?, The two 
common LDH-B homozygous phenotypes yield fast (LDH- 
B^B^) and slow (LDH-B'B^) bands on electrophoresis, 
whereas the heterozygote phenotype (LDH-B^B^) gives the 
classic five-banded pattern?. The B locus is the only LDH 
expressed in the red blood cells of this fish. When intra- 
erythrocyte ATP levels (expressed as molar ratios of ATP/Hb) 
are compared for individuals of different LDH-B phenotype, a 
significant association (Fi; 1з = 20.58, P « 0.001; index of asso- 
ciation w° = 0.76) is found (see inset in Fig. 1). 

ATP is the major organic phosphate in the red blood cells of F. 
heteroclitus?. Its role as an allosteric modifier of fish haemoglo- 
bins is similar to that of 2,3-diphosphoglycerate in mammalian 
red blood cells, in that it decreases the affinity of haemoglobin 
for oxygen’. A decrease in haemoglobin-oxygen affinity is 
characterised by an increase in the partial pressure of oxygen at 
which one-half of the haemoglobin is saturated with oxygen (the 
Ps). As the intra-erythrocyte ATP/Hb ratio is different for each 
of the LDH-B phenotypes, we expected to find differences in 
haemoglobin-oxygen affinity also. In agreement with this 
expectation (Fig. 1), LDH-B"B^ homozygotes with the lowest 
ATP/Hb ratio have the highest oxygen affinity and LDH-B^B*^ 
homozygotes with the highest ATP/Hb value have the lowest 
oxygen affinity. At the same partial pressure (po, = 10 mm Hg) 
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the haemoglobin from LDH-B^B^ fish is 96% saturated with 
oxygen, whereas that of LDH-B^B" individuals is only 80% 
saturated. Such differences in oxygen loading would be 
exaggerated in vivo when blood pH is reduced following an 
increase in temperature and/or anaerob«c metabolism". 

Our work on the haemoglobin components of F. heteroclitus 
indicates that the shift in oxygen equilibria does not result from a 
difference in the distribution of the haemoglobin components 
between the LDH-B phenotypes, as all individuals express the 
same complement of components. Im addition, each iso- 
haemoglobin responds similarly to the changes in pH, tempera- 
ture and ATP concentration’. Therefore, the differences in 
intra-erythrocyte ATP concentrations reported here must be 
either the result of: (1) functional diterences between the 
LDH-B allozymes which affect cellular ATP levels, or (2) the 
regulation of ATP levels by other enzymes which are genetically 
linked to the LDH-B locus. Studies are now underway to answer 
this question. Also, selection experiments are in progress to 
determine the feasibility of oxygen and pH as selective agents 
for the LDH-B phenotypes of F. heteroclitus. 

Whatever the molecular basis for these ATP differences, it is 
clear that the LDH-B^B^ phenotype has a lower intra-eryth- 
rocyte ATP concentration than LDH-B'*B? individuals and as a 
consequence, a higher haemoglobin-oxygen affinity (Fig. 1). 
Fish with the LDH-B^B^ phenotype might therefore have a 
selective advantage when competing with individuals of the 
other two phenotypes in a low oxygen environment. Final 
resolution of this phenomenon may helpresolve the controversy 
between exponents of the ‘selectionist’ and ‘neutralist’ evolu- 
tionary theories concerning the maintenance of protein poly- 
morphisms in natural populations. 

This work was supported by NSF grant DEB 76-19877, a 
grant from the National Geographic Soc:ety, NIH training grant 
HD00139, and a biomedical research grant to J.H.U. 
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Immunoprecipitation of protein kinase 
activity from adenovirus 5-infected 
cells using antiserum 

directed against tumour antigens 


THE function of transformation proteins coded for by RNA- 
and DNA-containing tumour viruses is a major question in 
oncology. A large number of diverse alterations are produced in 
cells following viral transformation, and such changes are 
thought to be the result of the action o: one or a very few viral 
gene products. Until recently, very little was known concerning 
the mechanism of action of such transforming proteins. 
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Fig. 1 In vitro phosphorylation of immunoprecipitates from Ad 
5- and mock-infected cells. Proliferating KB cells were infected 
with Ad 5 (50 plaque-forming units per cell) or were mock infected. 
At 9 h post-infection, cytoplasmic extracts were prepared and 
these were immunoprecipitated using a method similar to that of 
Schaffhausen et al.?. Cells were scraped off 100-mm Petri dishes, 
washed twice with cold phosphate-buffered saline, rinsed with cold 
buffer containing 20 mM Tris (pH 8.0), 137 mM NaCl, 1 mM 
CaCl, 0.5 mM MgCl; and 10% glycerol (v/v), and then lysed in 
the same rinsing buffer containing 1% NP40 (v/v). After incubat- 
ing the cells at 4°C for 20 min, nuclei were removed by centri- 
fugation at 2,000 r.p.m. for 10 min in an IEC centrifuge. To the 
supernatant from an equivalent of 2x 10° cells was added 10 jl of 
14b antiserum or nonimmune serum and 40 ul of protein A- 
Sepharose CL-4B (Pharmacia) which had been equilibrated in 
rinsing buffer containing NP40 and glycerol. After 2 h in the cold 
with constant mixing, the Sepharose beads with bound antibody 
were pelleted by low speed centrifugation (400 r.p.m. for 30 sin an 
IEC centrifuge), and then washed 3 times with 100 mM Tris (pH 
8.0) containing 200 mM LiCl and 0.1% 2-mercaptoethanol (v/v), 
and once with 1 mM Tris (pH 7.0) containing 150 mM NaCl. The 
final pellet was resuspended in 50 jl of 40 mM sodium acetate (рН 
6.0) containing 10 mM MgCl, and 7.5 uM [y-"?P] ATP (specific 
activity 250 Ci mmol^!; NEN), and the mixture was incubated for 
10 min at 37°C. The reaction was terminated by the addition of 
100 yl of standard double-strength SDS sample buffer? and the 
immune complexes were eluted from the Sepharose beads by 
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boiling for 2-3 min. The beads were removed by low-speed centrifugation and equal volumes (25 yl) of supernatant were then analysed by 

SDS-PAGE using a 16% polyacrylamide slab gel. The gel was stained with Coomassie brilliant blue, dried, and an autoradiograph was prepared 

using Kodak RP X-Omat film. Mock-infected cells treated with 14b (a) or nonimmune (5) serum. Wild-type Ad 5-infected cells treated with 14b 

(c) or nonimmune (d) serum. Cells infected with Ad 5 group П host range mutants hr 6 (e) and hr 50 ( f) treated with 14b antiserum. Cells infected 

with Ad 5 group I host range mutants hr 1) and hr 3 (л) treated with 14b antiserum. Coomassie blue-stained gel of wild-type-infected cells 
°S 


treated with 14b antiserum (i). 


However, studies carried out by Collett and Erikson with the 
RNA tumour virus Rous sarcoma virus (RSV) suggested that the 
RSV transforming protein, src, either possesses or is associated 
with protein kinase activity’. Using antiserum directed against 
virus-coded proteins, it was found that phosphorylation of the 
heavy chain of the antibody occurred when immunoprecipitates 
containing src protein were incubated with [ y- P]ATP. No such 
protein kinase activity was observed in immunoprecipitates 
using uninfected cell extracts, extracts from cells infected with 
transformation-defective virus, or control nonimmune serum. 
These data suggest that alterations in protein phosphorylation 
may regulate RSV transformation. This concept is quite appeal- 
ing, as protein phosphorylation is already known to have an 
important regulatory role in several cellular processes" ^. We 
show here that antiserum directed against tumour antigens of a 
DNA. virus, human adenovirus type 5 (Ad 5), will also 
immunoprecipitate protein kinase activity. Further, immuno- 
precipitates from cells infected with transformation-defective 
host range mutants of Ad 5 contain reduced levels of protein 
kinase activity. 

We have used an approach similar to that of Collett and 
Erikson to determine if the transforming gene products of Ad 5 
possess protein kinase activity. Antiserum against viral trans- 
formation proteins was obtained from hamsters bearing 
tumours induced by Ad 5-transformed hamster cells. The trans- 
formed cells, designated 14b, contain 40% of the left end of the 
Ad 5 DNA molecule’ and transcribe 7% of the genome near the 
left end®. This region of the viral DNA molecule is necessary and 
sufficient for oncogenic transformation^?. Thus, antiserum 
prepared against 14b cells should contain antibodies directed 
against only the transforming proteins of Ad 5. 

Cytoplasmic extracts were prepared from Ad 5-infected and 
mock-infected human KB cells and these were immunoprecipi- 
tated with immune or control nonimmune serum, using essen- 
tially the procedure of Schaffhausen et al.?. Washed immune 
complexes were then incubated in the presence of [y-**P]ATP 
and the samples were analysed by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE). Studies were also carried out 
using extracts from KB cells infected with host range mutants of 
Ad 5. These mutants have been shown to fall into two comple- 
mentation groups, I and II (ref. 10), both of which are trans- 
formation defective''. 


-methionine-labelled Ad 5 virion proteins are included as molecular weight markers. 


Figure 1 shows an autoradiograph of immunoprecipitates 
incubated with [у-??Р]АТР. With wild-type Ad 5-infected cell 
extracts and immune serum (Fig. 1c), a major *’P-labelled 
species was observed which co-migrated with the heavy chain of 
IgG (see Fig. 1i). Several minor labelled bands of higher mole- 
cular weight were also observed, and additional labelled species 
appeared with prolonged exposure of the gel. Incorporation 
into the light chain of the antibody was not detected. Little 
incorporation was observed with extracts from wild-type- 
infected cells precipitated by nonimmune serum (Fig. 1d), or 
with extracts from mock-infected cells (Fig. 1a, b). Counts on 
bands excised from the gel indicated that the amount of "P 
incorporated into the heavy chain of IgG was 14 times greater 
with infected cell extracts and immune serum than with controls. 
Similar experiments with the host range mutants hr 6 and hr 50 
of group II (Fig. le, f, respectively), and hr 1 and hr 3 of group I 
(Fig. 1g, h, respectively) gave levels of incorporation into the 
heavy chain of IgG which were reduced compared to wild-type 
Ad 5 (30-60% of wild type). 

With immunoprecipitates from  wild-type-infected cell 
extracts, the reaction was very rapid, maximum incorporation 
into IgG occurring within 1 min at 37°C. No incorporation of 
??P into IgG was observed when the immune complex was 
heated at 100 °С for 2 min before incubation with [ y-?P]ATP. 

As high levels of endogenous protein kinase activity exist in all 
mammalian cells, the activity found in immunoprecipitates from 
Ad 5-infected cells could be due to nonspecific entrapment 
during formation of the antigen-antibody complex. To exclude 
this possibility, an unrelated antigen-antibody complex (human 
IgG and sheep anti-human IgG) was formed in an extract from 
Ad 5-infected cells. The complex was immunoprecipitated and 
incubated with [y-**P]JATP. No incorporation of ??Р into IgG 
was observed in these conditions (data not shown). Thus, it is 
unlikely that the Ad 5-associated protein kinase activity resulted 
from entrapment of cellular enzymes, as the amount of antigen- 
antibody complex in this control study was far in excess of that 
obtained using infected cell extracts and immune serum. Results 
from another experiment suggest that the protein kinase activity 
found in immunoprecipitates from infected as opposed to 
control cell extracts was not due to the presence of vastly 
different levels of total enzyme activity in the two preparations: 
cytoplasmic extracts (containing equal amounts of protein) were 
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incubated with [ y-"7P]ATP in a reaction mixture similar to that 
described in the legend to Fig. 1 and the amount of protein 
kinase activity was measured using endogenous substrates (as 
described in ref. 12). Ad 5-infected cells contained опу 1.4 
times more total activity than uninfected cells. 

Our results are similar to those obtained with RSV’. The data 
suggest that an Ad 5 transformation-specific protein either is a 
protein kinase or is associated with one. Whether this activity is 
due to a virus-coded or virus-induced cellular enzyme is at 
present not clear. However, because the antiserum was raised in 
hamsters using transformed hamster cells and the immuno- 
precipitation experiments were carried out with infected human 
cell extracts, it seems more likely that it is a virus-coded 
function. The immune antiserum binds specifically to at least 
two Ad 5-induced polypeptides, of molecular weights of 58,000 
and 10,500 (refs 13, 14), as well as other minor species (N J.L., 
unpublished), Localisation of protein kinase activity to a specific 
polypeptide will require further studies. With transformation- 
defective host range mutants, enzyme activity was reduced, 
suggesting that these mutants are at least partly deficient in this 
function. Furthermore, some of the activity obtained with the 


mutants may be due to leakiness caused by the high multiplicity 


of infection. 

It is now apparent that protein kinase activity is associated 
with the transforming proteins of both an RNA and a DNA 
tumour virus and thus alterations in protein phosphorylation 
may be a general mechanism by which all tumour viruses induce 
cellular transformation. Ё 

We thank W. E. Rawls for discussions. The 14b cells were 
obtained from J. F. Williams. This work was supported through 
grants from the NCI, the MRC.and the NRC of Canada. N.J.L. 
is a research student and F.L.G. and P.E.B. are research 
scholars of the NCI of Canada. à 


NORMAN J. LASSAM* 
STANLEY T. BAYLEY* 
FRANK L. GRAHAM*t 
PHILIP E. BRANTONT 


Departments of Biology * and калу t 


Harnwon, T, Graham, F.L & Wilbems, J Virelogy 77, 319-329 (1977) 

Graben, Е L,Hasrnson, T & Мат, J Virolegy 96, 10-21 (1978) 

Bramon, Biochem bwopkys Асы 908, 246-259 (1978) 

J & Levine, А J. m ICNU-UCLA Symp Perusient 
G ) (m the press) 


CECS. ошады 
E 
m 
* 
F 
| 
x 
Ў 
Eg: 
H 
P 
© 
> 
й 
f 





Kinetics of in vitro reconstitution 
of oligomeric enzymes by cross-linking 


THE reconstitution of oligomeric enzymes from their denatured 
state is a consecutive process consisting of folding and asso- 
ciation steps. In the case of multimeric enzymes the pathway of 
reassociation and its correlation with the occurrence of enzy- 
matic activity is an open question. The combined use of cross- 
linking and SDS-polyacrylamide gel electrophoresis allows the 
assembly of multimeric enzymes to be followed quantitatively. 


0023-0856/79/0277—0243$01 00 


243 





Fig. 1 SDS-polyacrylamide gel electrophoresis of cross-linked 
LDH-M,. Cross-linking by 2 min incubation in 0.3-0.4 mM glu- 
taraldehyde, 20°C, was stopped by addition of 15-25 uM SDS; 
unreacted bifunctional reagent was inactrvated by 3—4 mM hydra- 
zne The solutions were heated for 10 min (100°C) and 
subsequently stored for 2 h at 20 °C. For ccncentrating, the protein 
solutions were dialysed for 24h against 20% polyethyleneglycol 
before electrophoresis (5% polyacrylamics gel containing 0.1596 
SDS). The gels were stained for 2 h with С.1% Coomassie blue R 
250 in 50% trichloroacetic acid, and destained in 7% acetic acid 
plus 5% methanol. 0.2 M phosphate buffer, pH 7.6, plus 5 mM 
EDTA was used throughout. The gels were scanned at 560 nm. 
Correlation of the bands to the tetramer.c (T), dimeric (D) and 
monomeric (M) fractions of LDH was achieved by calibration with 
proteins of defined molecular weight (d.meric and monomeric 
human serum albumin, monomeric LDH end lysozyme). a, Cross- 
linking of native tetramers (solid linc) and SDS-denatured 
monomers (dashed ипе); monomer concentration, 81 nM. b, 
Cross-linking of reactivating LDH after acid dissociation at pH 
2.3. Reactivation at 20°C by dilution at pH 7.6, final monomer 
concentration, 343 nM. Cross-linking afte- 210 s (dashed line) and 
1 h (solid line) of reactivation and reassociation. 


We report here that by applying this technique to a study of 
lactic dehydrogenase from pig muscle, we have shown that 
tetramer formation parallels reactivatio1 of the enzyme. 
Nascent polypeptide chains fold spcntaneously to defined 
three-dimensional structures, without additional information 
beyond the specific amino acid sequence »f the given protein and 
its aqueous environment. In addition, protein molecules above a 
critical chain length tend to associate to form stoichiometrically 
and geometrically well defined quaterrary structures. In this 
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Fig.2 Determination of the kinetics of reassociation of LDH-M, 


by cross-linking. Experimental details as described in Fig. 1. 
Reassociation (20 °C) at 170 nM monomer concentration analysed 
by-<drawing aliquots at defined times and fixation of the association 
products by cross-linking. Percentage of monomers (8), dimers 
(А) and tetramers (Ж) defined by the respective peak areas relative 
to their total amount. Reactivation (LT), аз determined by testing 
aliquots at defined times in standard test conditions, was calculated 
relative to the final extent of reactrvation (75% after 6 d). 


connection, folding and association can be considered as the 
final stages of protein biosynthesis. The timing of the two 
processes must be coordinated because the correct assembly of 
subunits requires proper folding to defined three-dimensional 
structures. In this sense the primary function of 'folded 
monomers’ is self-assembly’. 

For single-chain proteins a variety of experimental 
approaches has allowed the identification of intermediates along 
the folding pathway”. These in vitro studies have mostly been 
aimed at the prediction of three-dimensional structures from the 
amino acid sequences and the elucidation of the mechanisms 
dominating the folding process in vivo? *. 

In multi-chain proteins, folding is inherently correlated with 
the association of subunits. Besides the folding of the isolated 
polypeptide chains, additional transconformation reactions 
occur after the association of the native quaternary structure has 
taken place. Recent analyses of the reactivation kinetics of 
several oligomeric enzymes have demonstrated that the reas- 
sociation process is a prerequisite for conformational transitions 
leading to the complete restoration of the native enzymatic 
properties**. The corresponding reactivation relaxations obey a 
simple kinetic mechanism oar of two consecutive first 
order and second order reactions The assignment of the 
respective rate-limiting steps to certain elementary processes in 
the overall transconformation—association reaction has not been 
feasible so far. It would require the quantitative determination 
of the kinetics of association, for example, by light scattering 
measurements, which is not practicable because of the 
unfavourable signal-to-noise ratio at low enzyme concen- 
trations and the difficulties connected with a quantitative popu- 
lation analysis. 

Therefore, we developed a method of analysing the asso- 
ciation kinetics of oligomeric enzymes by cross-linking the 
refolding subunits with a bifunctional reagent (glutaraldehyde), 
and subsequent separation of the various association products 
by SDS-gel electrophoresis. The method allows the detection 
and quantitative evaluation of intermediates of association even 
at very low enzyme concentrations. The kinetics of formation 
and disappearance of these intermediates can be analysed by 
taking aliquots of the enzyme solution at defined times during 
the process of reconstitution. Parallel measurements of the 
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regained enzymatic activity in identical conditions were carried 
out to correlate the kinetics of reassociation and reactivation. 
The determination of the kinetic constants of the latter reaction 
may reveal whether or not subunits as intermediates of recon- 
stitution represent catalytically active entities. 

We used lactic dehydrogenase (LDH-M,) from pig skeletal 
muscle (Boehringer). The different isoenzymes of mammalian 
LDH are composed of four subunits, the structural and catalytic 
properties of which have been investigated in great detail’. The 
hydrodynamic and spectral properties of the dissociated, 
inactive and partially unfolded monomers, present at pH 2.3, 
have been described previously''’?. After renaturation, the 
reactivated tetramers were found to be indistinguishable from 
the native isoenzymes by icd fora variety of physicochemical 
and enzymatic parameters? 

The reactivation of both isoenzymes (LDH-M, and H, from 
pig) was found to be dominated by second order reactions; 
slightly sigmoidal relaxations (especially for LDH-H,) suggest, 
however, that first order reactions are involved to a certain 
extent*!i7?, The overall process can be quantitatively described 
as a consecütive uni-bimolecular reaction sequence. For both 
isoenzymes, the respective rates of reactivation are not 
influenced by their coenzyme, NADH or NAD* (refs 5,14). 

In the present experiments, LDH-M,, after denaturation at 
pH 2.3, was renatured at pH 7.6 in the absence of cofactors or 
substrates, At specified times after dilution, aliquots- were 
analysed with respect to their particle’ distribution and the 
regeneration of enzymatic activity. To ensure fast and quan- 
titative intramolecular cross-linking of associated particles, a 
high molar excess (107—107) of glutaraldehyde was used. To 
prevent intermolecular cross-linking, the reaction was 
after a constant reaction time of 2 min by addition of 5% SDS 
and inactivation of excess glutaraldehyde by the addition of 
hydrazine**, 

As Fig. la shows, optimum conditions gave 100% cross- 
linking and fixation of native enzyme in its tetrameric state, 
whereas cross-linking of the SDS-dissociated enzyme yielded 
only monomers. No high molecular weight products were 
formed by inter-molecular cross bridges in either of the blank 
experiments. Therefore, cross-linking and subsequent SDS 
electrophoresis can be used to determine relative amounts of the 
different states of association present at various times during 
reassociation (Fig. 15). The kinetic traces for the decrease of the 
concentration of monomers and the formation of dimers and 
tetramers show that within the range of experimental error, 
tetramer formation clearly parallels the time course of reac- 
tivation (Fig. 2). 

The identification of monomers, dimers and tetramers during 
reassociation (Figs 15, 2) shows that at least two reactions are 
rate limiting in the overall process of reconstitution. Considering 
the fact that the reactivation kinetics for LDH-M, (apart from 
an insignificant contribution of rapid first order transconfor- 
mation reactions) can be described by a single second order rate 
constant*!!, one may exclude the possibility that two consecu- 
tive bimolecular reactions are rate determining for reactivation 
and tetramer formation. This means that only one of the reac- 
tions which is rate limiting for the formation of dimers from 
monomers, or of tetramers from dimers, is determined by an 
association process; the other must be of first огаег!. 

From our data it is not possible to show if the formation of 
dimers or tetramers is governed by the association reaction. This 
can only be clarified by analysing the formation of dimers and 
tetramers at various initial concentrations of monomers. That 
reactivation and tetramer formation take place together clearly 
shows that those dimers which accumulate during reassociation 
do not possess appreciable catalytic activity. This does not rule 
out the possibility that active dimers occur as intermediates of 
reactivation. Whether a kinetic model consisting of two conse- 
cutive unimolecular and bimolecular reactions is sufficient to 
describe the observed patterns of dimer and tetramer formation, 
or whether more sophisticated models, including rapid equili- 
bria, are necessary, cannot yet be decided. 
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Formation of a new fluorophore 

on irradiation of carboxymethylated 
D-glyceraldehyde-3-phosphate 
dehydrogenase 


BECAUSE of its physiological importance, allosteric properties 
and ready availability, D-glyceraldehyde-3-phosphate dehy- 
drogenase (G3PDH) is one of the most thoroughly studied of the 
dehydrogenases. We report here a study of the ligand binding 
properties of G3PDH. We observed that when active site 
carboxymethylated G3PDH was irradiated with near ultraviolet 
light in the presence of NAD', a new fluorophore was formed. 

A six-times recrystallised G3PDH from rabbit muscle was 
modified with iodoacetate until less than 5% of the original 
activity remained. The reaction mixture was then passed 
through a Sephadex G-50 column to remove excess iodoacetate. 
Determination of the sulphhydryl groups present before and 
after iodoacetate treatment with 5,5'-dithio-bis(2-nitrobenzoic 
acid) showed that only one sulphhydryl group per subunit was 
modified—-this is presumably Cys-149 at the active site’. When 
the active site-carboxymethylated enzyme was irradiated in the 
presence of excess NAD* with a 150-W xenon lamp for 6 min, a 
new fluorophore was formed. The excitation spectrum of the 
new fluorophore shows peaks at 290 and 325 nm whereas the 
emission maximum is at 410 nm (Fig. 1). The photochemical 
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Fig. 1 Excitation and emission spectra of the fluorophores 

formed on irradiation of carboxymethylated G3PDH with nico- 

tinamide nucleotides. a, Excitation spectrum of the fluorophore 

formed with МАР”. b, Emission spectra of the fluorophores 

formed with NAD'(I), NADP'(2) and NMN'*(3). Enzyme 
concentration in all cases, 3 uM. 
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Fig. 2 Photochemical action spectrum for the formation of the 
NAD* fluorophore. Portions of carboxymethylated G3PDH, 
3 uM and NAD”, 33 „М in 0.1 M phosphate buffer, pH 6.7 were 
directly irradiated with lights of different wavelengths through the 
excitation monochromator of a MPF-4 spectrofluorometer at a slit 
width of 10 nm for 20 min each to give curve 1. The excitation 
spectrum of a concentrated rhodamine B solution was then 
scanned. The fluorescence intensity of this solution at each 
wavelength of excitation is directly proportional to the quantum 
input at this wavelength and can be used for the correction of curve 
1 to give the true photochemical action spectrum for the formation 
of the new fluorophore (curve 2). 


reaction leading to the formation of :he new fluorophore 
appears to be quite specific. Neither the holoenzyme nor the 
iodoacetamide- or sodium tetrathionate-modified enzyme can 
form the new fluorophore. At much higher concentrations, 
NADP* and NMN' can replace МАЮ“ to form new fluoro- 
phores with emission maxima at 410 anc 385 nm respectively, 
whereas AMP, ATP or ADPR are completely ineffective. These 
results suggest that the nicotinamide ring end the carboxyl group 
introduced at the active site Cys-149 are involved in the forma- 
tion of the new fluorophore. 

The new fluorophore is tightly bound tothe enzyme protein as 
shown by the following experiments. Treatment with excess 
activated charcoal removed all the МАР“ added in excess and 
raised the ratio of Argo to Argo to 1.4-1.5, but failed to remove 
the fluorophore from the enzyme protein. After passage through 
a Sephadex G-50 column, only the protein fraction was 
fluorescent, the МАЮ“ fraction showed no significant fluores- 
cence. Furthermore, ethanol at concentrations greater than 
60% also precipitated the enzyme protein together with the 
fluorophore. 

When carboxymethylated G3PDH was irradiated with 
monochromatic light in the presence cf МАЮ“, the photo- 
chemical action spectrum obtained (Fig. 2) showed a broad 
maximum in the 280-290 nm region. Absorption by tyrosine 
residues decreases sharply at wavelengths longer than 280 nm, 
so our findings implicate strongly the excitation of tryptophan 
residues in the formation of the new fluorophore. 

With excess NAD* removed by charcoal adsorption, the 
irradiated enzyme shows a broad absorption band at 325 nm due 
to the new fluorophore. This overlaps with the 295 nm excited 
protein fluorescence at 335 nm due to tryptophan residues. 
During the course of irradiation, with the gradual appearance of 
the new fluorescence band at 410 nm, the tryptophan fluores- 
cence was quenched as shown in Fig. 3. Determinations with 
p-N-dimethylaminobenzaldehyde showed that no destruction 
of tryptophan residues had occurred. The quenching of tryp- 
tophan fluorescence is, therefore, due to a radiationless energy 
transfer from tryptophan to the new flucrophore. As both the 
А»во/ Аво ratio and the amino acid composition of the irradi- 
ated enzyme seem to suggest that the photochemical formation 
of the new fluorophore may also be a ‘half-of-the-sites’ reaction, 
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Fig. 3 Quenching of tryptophan fluorescence during the forma- 


поп of the new fluorophore. Carborymethylated G3PDH, 3 uM 

and NAD* 33 „М in 0.1 M phosphate buffer, pH 6.7 was irradi- 

ated in the MPF-4 spectrofluorometer with an exciting light of 

290 nm and a slit width of 20 nm. The emission spectra with the 

exciting wavelength also at 290 nm were scanned at a, 0, 5, 1.5, с, 
3; d, 6; e, 9; f, 12; g, 15 and A, 20 min. 


this energy transfer involves probably only two of the four 
subunits. Calculations based on the Förster equation with the 
orientation factor К? taken as 2/3 give a distance between 
tryptophan and the new fluorophore of 15.79 A. As each 
subunit of the rabbit muscle enzyme has three tryptophan 
residues, this probably represents a weighted average value of 
the distances between the three tryptophan residues to the new 
fluorophore. This value can be compared with the results of 
X-ray crystallographic analysis of the lobster? and bacterial* 
enzymes. 

The formation and the fluorescence of the new fluorophore 
were found to be sensitive to conformational changes of the 
enzyme protein. Sodium dodecylsulphate (SDS) at a weight 
ratio of 1:1 with the enzyme led to a 50% decrease in the 
fluorescence intensity at 410 nm. However, even more marked 
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Fig. 4 Effect of sodium dodecylsulphate on the formation and 
intensity of the new fluorophore. Curve 1 shows the effect of SDS 
present during irradiation on the formation of the 410 nm fluoro-: 
phore. Curve 2 shows the effect of SDS added after the formation 
of the new fluorophore on its fluorescence intensity. Relative 
fluorescence intensity plotted against the weight ratio of SDS to the 
enzyme. Final concentration of the cazyme wes 2 ЬМ with 
22 uM NAD* in 0.1 M phosphate buffer, pH 6.7. 
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was the effect of SDS on the formation of the new fluorophore. 
As shown in Fig. 4, the presence of SDS at a weight ratio of 0.5 
during irradiation was enough to decrease the 410 nm fluores- 
cence formed by 75%. It has been reported? that SDS at a 
weight ratio to G3PDH of 0.5 loosened its tertiary structure and 
at a ratio of 1 dissociated this enzyme. Our own studies by 
difference spectroscopy and protein fluorescence also showed 
that with increasing SDS to enzyme ratios, the internal tryp- 
tophan and tyrosine residues of G3PDH were gradually 
exposed. The great sensitivity of the formation of the new 
fluorophore seems to suggest that the photochemical reaction 
leading to its formation has strict requirements on the spatial 
relationship of excited tryptophan residue(s), the carboxy- 
methyl group introduced at Cys-149 and the nicotinamide ring. 

Further studies are needed to establish the chemical nature of 
the new fluorophore. At present, we can say that it is tightly, 
probably covalently, bound to the enzyme protein and its spec- 
tral and fluorescence properties closely resemble a series of 
addition compounds of МАР“ incl NADH. | 

In spite of some earlier suggestions’, very little is known 
about the role of tryptophan residues in G3PDH. Our results 
demonstrate the close relationship between tryptophan, Cys- 
149 and the nicotinamide ring and suggests the need for close 
examination of this problem. 

Further details of this work will be published elsewhere’: 
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Errata 

In the letter ‘Photographic amplification of faint astronomical 
images’ by D. F. Malin, Nature 276, 591-593, the figures have 
been transposed. Figure 1 is shown above Fig. 2 legend and Fig. 
2 above Fig. 1 legend. 


In the article *Olivine fractionation equations for basaltic and 
ultrabasic liquids’ by T. H. Pearce, Nature 276, 771-774, equa- 
tion (12) should read: 


tog (2) = K log (= ) + og (x xd) 


equation (14) should read: 


log (5) = К log (289) +log (585), х (2) 


In the article ‘Analysis of Cl in environmental water samples 
using an electrostatic accelerator’ by D. Elmore et al., Nature 
277, 22-25, the last sentence in the summary should read: ‘For 
each sample less than 70 mg of AgCl were used, requiring 1—5 
litres of water.’ Line 19 on page 23 should read ‘with mass 
spectrometers lies in the difficulty of separating...’ In line 41 for 
‘from’ read ‘with’. In line 47 for ref. 18 read ref. 17. In Table 1 
the units in the last three columns should read: (d.p.m. per kg 
Cl); (mg 175); (x10~, atoms 1"). An extra line should be added 
to the table: 


Groundwater, deep well near Tucson, AZ 
101 990 4 320250 24 10 . 53 


In line 31 in the right column for ‘neutral’ read ‘natural’ and-in 
line 54, for 100-mg read 20-mg. 
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Making sense of man's universe 


Garrett Hardin 





The Little Universe of Man. By C. D. 
Darlington. Pp. 307. (George Allen and 
Unwin: London, 1978.) £6.95. 


Tuis is a biologist’s attempt to make 
sense of the world's past, to foresee its 
probable future and, by putting fore- 
sight into words, possibly to influence 
what comes. 

On what basis shall we appeal to 
people to alter their actions? “As the 
teachings of Adam Smith and Robert 
Malthus, Karl Marx and Charles 
Darwin agree, the animal principle of 
the self-interest of individuals, often, 
as we know, enlightened and extended, 
is the only motive to be infallibly 
relied on in the conduct of human 
affairs". It is psychologically neces- 
sary to believe in the rightness of one's 
action if that action is to be pursued 
with the fervour required to melt away 
opposition; out of this necessity springs 
the paradox of self-interest creating 
self-deception. 

Does self-deception have survival 
value? It depends on the stage of 
ecological maturity of society. ‘As the 
resources of the earth become more 
depleted and populations both more 
crowded and more deprived, the 
greater will be their effort to pass the 
problem on to the next generation. 
Self-deception will become more per- 
suasive. Optimism will take hold. Those 
who remember 1914 and 1939 will also 
remember that these smaller calamities 
were produced by optimists but fore- 
seen by pessimists. Indeed before these 
events an optimistic temperament had 
seemed to confer a permanent selective 
advantage in human evolution. It is not 
so now", 

For the extreme example of an 
approach that will not solve the world's 
problems Darlington cites witchcraft: 
“The profession of witch-doctor domi- 
nates Negro life in Africa, creating a 
religion whose redeeming features we 
seek in vain". Despite justifiable criti- 
cisms that can be levelled against it the 
European approach to reality is the 
world’s last and best hope: "The 
world is indepted to Europe for two 
great achievements which have trans- 
formed human life in the last 500 
years. One is the control of nature 
which has led to our present crisis. The 
other is the understanding of nature 
and of man which is our means of 


escape from this crisis". 

At every stage in our progress in 
understanding ourselves our will to 
self-deception erects taboos capable of 
delaying understanding for genera- 
tions. In the English-speaking world the 
idea of man as an animal was under a 
taboo from about 1819 to 1859; human 
sexuality continued under taboo until 
about 1930; and the dispassionate dis- 
cussion of the existence and conse- 
quences of innate human differences 
is still seldom possible. To a geneticist, 
of course, it is inconceivable that 
innate, heritable differences could not 
exist, and it is hard to believe that 
none of these is humanly important. 
A Darwinian biologist (and what other 
can there be?) looks for selection 
everywhere. Darlington's book is per- 
meated with the Darwinian outlook. 
It takes only a moment for a perceptive 
biologist to postulate selective adapta- 
tions that may require years to validate. 
Darlington postulates many, so his book 
should stimulate many controversies. 

The author is not unsympathetic to 
the currently reigning taboo: "Innate 
hereditary or genetic differences must 
not be admitted between individuals 
or groups, between classes or races, or 
even between the sexes, But above all 
what must not be discussed. what must 
be rejected, are differences in the 
foundations of human behaviour, the 
study of brains, of instincts, and of 
intelligence. These foundations are 
complex and happily concealed from 
the public view. They must remain 
concealed. In a world already over- 
crowded and over-troubled they might 
cause more trouble". 

A great source of the ever-verdant 
controversy of nature versus nurture 
is the awkward fact of causal circu- 
larity, sometimes called the “Baldwin 


effect." First we select our inventions 
and then our inventions select us. 
Equestrian cultures undoubtedly 
selected for the ability to manage 
horses, which not all men have. Agri- 
culture and the capital accumulation 
that it made possible selected for the 
willingness to engage in sustained, hard 
work and for a new form of com- 
petitiveness between tribes. The 
increase in the supply of food brought 
about by agriculture did not set supply 
and demand permanently in balance: it 
merely moved the instability to a 
higher population level and rewarded 
those who could successfully migrate 
into new and relatively unexploited 
environments. Language selected for 
those who could manipulate language 
—and their fellow-men- most com- 
petently. This fact justifies the over- 
whelming emphasis on language in 
intelligence tests: it also explains the 
passion invested in a particular lan- 
guage. “People have treated the sur- 
vival of their language in speech and 
writing as a matter of life and death. 
And they have been right in doing so 
since language guarantees the survival 
of the breeding community”. 

Trying to make sense of the whole 
universe of man. as Darlington does, 
is an ambitious undertaking. scarcely 
mitigated by calling it a Little Universe, 
Every thoughtful person will find many 
points of disagreement with the author. 
The beauty of it is that the points of 
disagreement are easy to find, for Pro- 
fessor Darlington’s exposition is crystal 
clear. The result is a splendid book for 
stimulating important discussions. [2 





Garrett Hardin is Professor Emeritus in 
the Department of Biological Sciences at 
the University of California at Santa 
Barbara. 





Coral reef research 





Coral Reefs: Research Methods. 
Edited by D. R. Stoddart and R. E. 
Johannes. Pp. 581. (UNESCO: Paris, 
1978.) 





THE study of coral reefs, earlier largely 
sustained by occasional expeditions, 
sprang suddenly into the fullest vigour 
in the Marshall Islands in 1945. This 
was in preparation for the atom bomb 


tests that began in the following year 
in Bikini and then Eniwetok atolls. 
Preliminary studies were exhaustive in 
their oceanographical and descriptive 
ecological content, and as a result of 
unprecedently deep boring, the validity 
of Darwin's postulates (if not their 
universal application) was established, 
This impetus was sustained by the 
Coral Atoll Program of the Pacific 
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Science Board of the National Academy 
of Sciences of the USA with many of 
the results appeanng in the Atoll 
Research Bulletin Important guidance 
was provided in the Handbook of 
Atoll Research published in 1953 by 
F. R. Fosberg and M.-H Sachet of the 
Smithsonian Institution who also 
edited the Bulletin. ` 

Today the subject matter has pro- 
liferated widely. The mapping of reefs 
presents unique problems owing to 
geographical or seasonal inaccessibility 
and constantly changing pattern. New 
methods have developed for drilling. 
for determination of the sediments into 
which the reef mass disintegrates and 
for the local determination of sea level. 
Evaluation of a fauna and flora living 
on largely three-dimensional reefs with 
a territorial fish population presents 
problems not encountered in temperate 
seas. 

"Тп striking contrast to the surround- 
ing oceanic deserts, atolls are oases of 
high productivity. But they are fragile 
systems without any sustaining reser- 
voir of nutrients and phytoplankton, 
dependent on continuous re-cycling 
Everything removed, notably fish, 
affects total production. The influence 
of the algal zooxanthellae present in 


all hermatypic corals on both calcifica- 
tion and nutrition awaits final 
evaluation 

Many working on these problems 
have devised new methods of attack, 
and new techniques such as aerial 
photography have appeared The whole 
subject has been critically reviewed by 
Working Group 35 of the Scientific 
Committee on Oceanic Research of 
UNESCO which is responsible for this 
volume with 43 contributions. These 
are grouped under Morphology and 
Structure, Biotic Distributions, and 
Energy and Nutrient Flux, their value 
the greater because the two first are 
edited by D R. Stoddart and the third 
by R E. Johannes, respectively the 
leading workers on the geomorphology 
and on the productivity of reefs 

Both field workers and those more 
theoretically interested in the problems 
of coral reefs will find this book of 
the greatest help; it will also have 
permanent value as a record of the 
current state of enquiry. 

C. M. Yonge 





Str Maurice Yonge is Honorary Fellow in 
the Department of Zoology, University of 
Edinburgh, UK. 





Marine 
micropalaeontology 


Introduction to Marine Micropaleontolog y. 
Edited by B. U. Haq and A. Boersma. 
Pp.376. (Elsevier: New York and Oxford, 
1978.) $24. 


Ir is fifteen years since the English 
translation of Pokorny's Principles of 
Zoological Micropalaeontology was pub- 
lished. Since that time there has been no 
new general text in micropalaeontology, 
despite the major contribution that the 
study of microfossils has continued to 
make in world exploration for oil and 
gas, and the successive achievements of 
the Deep Sea Drilling Project. It is 
perhaps not as well recognised as it 
ought to be that confirmation of the 
hypothesis of oceanfloor spreading and 
plate tectonics in the ocean basins is 
almost totally dependent on micro- 
palaeontological evidence. Also the 
general application of ‘absolute’ ages to 
marine geological ‘events 15 heavily 
dependent on the precision with which 
micropalaeontological biozones have been 
related to otherwise relatively isolated 
radiometric and palaeomagnetic deter- 
minations. Latterly too, in association 
with isotopic analysis, micropalaeont- 
ology has begun to yield significant new 
insights into the periodicity and chemistry 
of major oceanic changes that are 
themselves linked to worldwide variations 
in the planetary environment. 





During this period of development 
knowledge of the various plant and 
animal microfossil groups has been vastly 
extended, new numerical methods intro- 
duced, and new technologies, such as 
scanning electron microscopy, adopted. 
Perhaps it is because of all this endeavour 
that no micropalaeontologists have had 
time to compile a review of the current 
state of their science. Here at last, how- 
ever, Bilal Haq and Anne Boersma have 
persuaded а distinguished group of 
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specialists to contribute to a pre-arranged 
pattern, a series of up-to-date accounts 
of the groups which they study. Thus, 
we have separate chapters on foraminifera, 
calcareous nannoplankton, ostracodes 
(by Pokorny himself), pteropods, cal- 
pionellids, calcareous algae and bryozoa— 
al mainly of calcareous composition; 
radiolaria, diatoms, silicoflagellates—all 
siliceous; and conodonts, dinoflagellates, 
spores and pollen and chitinozoa—of 

phosphatic and organic composition. 
Each account gives an outline of the 
biology, taxonomy and stratigraphical 
distribution of the respective groups, but 
more interestingly usually goes on to 
consider their palaeoecology and con- 
tribution to palaeo-oceanic problem- 
solving They therefore serve at the same 
time the prosaic purpose of imparting 
technical information to the would-be 
specialist, and also stimulate an interest 
in problems of more general concern that 
can be approached by way of micro- 
palaeontology. Naturally with so many 
different authors contributing the quality 
is sometimes variable, and, in spite of 
the extensive review system adopted, the 
text (be warned) does contain some 
unexpected errors Nevertheless the 
editors are generally to be commended 
on what they have achieved in terms of 
uniformity, quality and accuracy. The 
whole impact of the book is greatly 
helped by the generous use by all authors 
of a variety of types of [ine and half-tone 
diagrams and illustrations Here is a text 
that fully realises that endless prose is not 
always the best way of imparting inform- 
ation and understanding. 
i B. M. Funnell 





B M Funnell is Professor of Environmental 
Sciences at the University of East Anglia, 
Norwich, UK 





Chemistry and 
metabolism of 


vitamin D 
Vitamin D Edited by D. E. M Lawson. 
Pp 433. (Academic: London, New 


York and San Francisco, 1978.) £20.50; 
$42 40. 


LAD o ee ee НЕННЕ 
Untit the late 1960s vitamin D was 
generally regarded as being a subject of 
rather academic interest. It was 
acknowledged to play a role in 
intestinal calcium transport; and the 
main symptom of vitamin D-deficiency, 
a disorder of bone formation, was 
attributed not to a direct effect of the 
vitamin but to the secondary disturb- 
ance of calaum metabolism. | 

The past decade has seen dramatic 
advances in our understanding of the 
role of this vitamin. It would now be 
more appropriate to regard it not as 


a vitamin but as a metabolite and pro- 
precursor of a steroid-like hormone. 
The two hydroxylations, one in the 
liver and a subsequent one, controlled 
by parathyroid hormone, in the kidney 
convert the vitamin to an active 
form 1,25-dihydroxycholecalciferol. This 
latter compound acts on intestinal cell 
nuclei resulting in the induction of 
synthesis of proteins, including a 
calcium-binding protein, and leading to 
an increase in intestinal calcium trans- 
port, it is also the most potent 
stimulator of bone resorption yet dis- 
covered The clinical application of this 
information has been remarkably rapid 
Less than three years after the dis- 
covery of the role of the kidney in the 
intermediary metabolism of vitamin D 
an appropriate analogue had been syn- 
thesised and applied therapeutically by 
clinicians involved with the manage- 
ment of patients in chronic renal 
failure. 
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New books from CAMBRIDGE 





The vessels of the Intestinal villus. — Physiology of the 
Gastro-Intestinal Lymphatic System. 


Physiology of the Gastro- 
Intestinal Lymphatic System 


J. A. BARROWMAN 
In this book the author provides a detailed treatment 
of the lymphatic system of the alimentary tract and 
Its associated organs. He assesses the importance of 
the lymphatic drainage of the intestine, liver and 

_ pancreas in the normal physiological function of 
these organs This volume will be of particular 
interest to gastro-intestinal physiologists, 
btochemists, nutntionists and clinicians. £17.50 net 


Monographs of the Physiological Society 33 


Special Relativity 
W. G. DIXON 
The aim of this book'is to show that by unrting 
dynamics, thermodynamics and electromagnetism 
into a coherent whole special relativity illuminates 
each of these subjects in a manner which cannot be 
obtained by studying them in isolation This analysis 
of special relativity is designed for advanced 
undergraduate students of physics and applied 
mathematics and research workers in related fields. ` 
T £14.50 net 


Introduction to the Theory of 
Thermal Neutron Scattering 
G. L. SQUIRES 


Thermal neutron scattering is a valuable tool for the 
study of the properties of solids and liquids. The 
present book provides an introduction to the basic 
quantum theory of thermal neutron scattering and 
applies the concepts to scattering by crystals, liquids 
and magnetic systems. Knowledge of physics to 
degree level is assumed The book 15 intended for 
SAPOFTenters rather than theoreticians. 

£16.00 net 


CAMBRIDGE UNIVERSITY PRESS 


The Microprocessor and its 
Application 
Edited by D. ASPINALL 
The microelectronics revolution has resulted in the 
manufacture of a large range of components which 
can be produced at low cost. In orde- to understand 
the properties and applications of eech component, a 
sound knowledge of computer science and electronic 
engineering is required. Contributors to both 
disciplines collaborated to produce єп advanced 
course at Swansea under the auspicas of the EEC 
Technical Research Committee. This volume is based 
on material presented at the course and will be of 
interest to everyone Involved in this new technology. 
£12.50 net 


Reliable Knowledge 


J. M. ZIMAN 


In this book Professor Ziman explores the grounds 
for belief in science and in doing so s2on escapes the 
conventional bounds of the philosop ry of science to 
search for relevant evidence for his ergument that 
scientific knowledge is no more than an elaborate 
extension of every-day reality. Well-known episodes 
in the natural sciences have shown tnat accepted 
scientific knowledge must always be treated with 
scepticism. In view of the importance of scientific 
ideas in modern culture this work should be of 
interest to every educated person. £7.95 net 


First Paperback Edition 
Models in Ecology 
JOHN MAYNARD SMITH 
This widely acclaimed book deals with ecological 
models of two kinds which illuminate one another: 
mathematical models of a strategic kind aimed at an 
understanding of the general properties of 
ecosystems, and laboratory models with the same 
aim in view. The author has taken graat care to 
explain the mathematics he employs and the 
conclusions to be drawn, thus makirg this book 
attractive to those with a minimal familiarity with 
mathematical notation 


Man and Nature in the 
Renaissance 


A. G. DEBUS 
This book provides an integrated int-oduction to 
science and medicine from the mid-ftteenth to the 
mid-seventeenth century. It describes the key 
developments that prepared the war for modern 
science in the late seventeenth century. The book is 
illustrated with many beautiful contemporary 
pictures and is suitable for undergraduates and 
general readers wrth an interest in this area. 

Hard covers £7.95 net 


Paperback £2.50 net 
Cambridge History of Sclence Series 


Cirole No 1 on Reader 





£2.95 net 
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Physicochemical Aspects of Protein. 
Denaturation ч 


by 8. Lapenje; Unrversity of Ljubljana, Yugoslavia. ү 

The material in this book has beerí selected and organised for 
readers of varying educational levels and professional 
backgrounds to qve a concise and pragmatic review Accounts 
of experimental methods are self-contained, with al 
emphasis given to the, macromolecular properties of unfolded 
(denatured) proteins. 
December 1978 
0471 034098 6 


344 pages 
$40.00/£19.50 


t. 


Disposition of Toxic Drugs and 
Chemicals in Man: Vols 1: and 2^ 
by R.C. Basett, Office of the Medical Examiner, State of 
Connecticut; and of caver nity Medicine, University of 
Connecticut Health Center. © ~. 
The purpose. of .this two-volume work Ig to present In 8 
convenient source the current essential information on the 
disposition ~of the chemicals and drugs ' most frequently 
encountered in өре es of human’ pong The data 
included relate to body fluid concentrations ot-subetances 
in normal or therapeutic srtuations, concentrations in fluids 
and tissues in instances of toxicity and the known metabolic 
fate of these substances in man. Brief mention is made of 
specific analytical procedures which are applicable to the 
determination of each substance and: its active metabolites in 
biological specimens. For convenience the substances have 
been grouped primarily by pharmacologic class and tocondarily 
by chernical structure. 
Volume 1 Centrally- Acting Drugs 

mber '1978 312 pag 
047199718 1. ~~‘ $29.00/£15 80 


Volume 2: Peripherally- one ee and Common Toxic 

Chemicals tour c i 

December 1978 290 pa pages 
$29 ОО/Е1Б 80 


5G =? 


0471 99717 X ` 
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Й 


Cell Survival After Low Doses of ` 
Radiation: Theoretical and Clinical 
Implications:. 


Prooeedi of the 6th LH. Brev моо ыр 
аї Coftege, London, іп September 1974. 

edited by Tikvah Alper. 

Reports and discussions of work on the initial shapes of cell 
survival curves are presented Major topics incloded are the 
biological applications of statistical methods, the construction 
of mathematical models for call survival, experimental and 
theoretical work on oxygen enhancement, , fractionation and 
observations of tumours in vatro and in vivo. . 
November 1975 {< 1 К 

0471 02513 b: : $35 60/£16.75 
Жузу айбай John Witey and Sons. Ltd, and the Institute 
PPAR 


' understanding this increas 


. countres A cross-cultural perspective em 


‘December 1978 


* 412 pages’ 
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BRISBANE *: TORONTO 


Handbook of Clinical Ultrasound 


‘edited by M. deVileger, Acedemic Hospital, Rotterdam. . 


The fist major work to cover thoroughiiy-the scientific 
application of. ultrasound in all medi specialties. [t is 
composed of ninety-five chapters dogically categorized into 
eight major specialty aréas which are individually edited by 
internationally recognized specialists. in. thelr flekis It will 
provide the ultrasound professional with a sound basis for 
ly important diagnostic tech- 

nique Over 1,000 high-quality Illustrations . (photographs, 


‘scans, ultrasonic images, charts, tables, and diagrams) are 


Included along with ‘вп extensive selection ‘of, telerencas for 
further investigation 

December 1978 «+ ` J 
0471 02744 8 


990 pag 
685.00/£42 БО 


Medical Anthropology 
by G.M. Foster and Barbera G. Anderson, 
both of the University of California, Berkeley 


A general survey of the field which examines similarities in 
health-related behaviour in both Western and the developing 
hasizing common 
elements of medical systems regardiess of'cultural context is 
stressed The book provides comprehensive coverage drawing . 
on pertinent medical sociology as well as anthropo! Also 
included are sociocultural factors in diet, a comprehensive | 
discussion of medical institutions Ih the Unrted States and a 
sophisticated, up-to-date киыр ethnomedicine. 


388 pages 
. $18 50/ £9.75 


0471 043427 °° ` Е 
Estrogens and Cancer 

edited by 8.6. Sltverberg-and F.J. Major, Bathor die 
University of Colorado School of Medicine, Denver. ; 
This brings together with epidemiologic; clinical, and 
pathological data on the multi-faceted relationships between 
oestrogens and naturally occurring human neoplasms. К 


` features the combined expertise of many eminent contributors, 


roviding а multidiscipiinary, one-volume source of current 
edge and future research directions regarding the often- 
controversial relationship between oestrogens and cancer 
December 1978 ` ' 208 pages 
0471 041726 $30.00/£15 85 


Non- ован Techniquesi in. Cardiology: 


For the Nurse and Technician 


by A. Benchlmot, /nstrtute for Cardiovascular Diseases, 
Phoenix, Arizona 4 
A concise handbook fot all those Interested in the technital 
aspects of non-invasive diagnosis in cardiology ít presents 
basic ‘guidelines for clinical application of the principles ot 
ultrasound, with In-depth discussion of anatomy ‘and 
physiology as well as specific disease states Моге than о , 
illustrations of phonocardiograms, pulse wave recordi 
vectorcardlograms, and echocardiograms are included ` o 
increased understanding: 


Decernber 1978 
0471 04440.7 


К] 


336 pages 
$22.40/£11.96 
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John Wiley & Sons Limited 
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Despite the frenzy of research 
activity, particularly over the past five 
years, we still know remarkably little 
of the function of the numerous meta- 
bolites of vitamin D or their mode of 
action on target tissues. The complex 
interrelationship between vitamin D 
and the other calcium-regulating hor- 
mones and the diverse nature of the 
organs end tissues involved also em- 
phasises the value of a multidisciplinary 
approach to the research This book is 
particularly valuable not only because 
it provides an excellent review of the 
current state of our knowledge of 
vitamin D but also because it serves 
as such a useful reference source of 
background information for researchers 
in various areas A number of the con- 
tributors to this volume are leaders of 
the research groups responsible for the 
major advances in vitamin D research 
and the various chapters therefore pro- 
vide ап authoritative and overall 
dogmatically balanced account of the 
literature and of current views on the 
many controversial aspects of vitamin 
D. 

The chemistry and metabolism of the 
calciferols is reviewed in two chapters 
by Bell and by. Holick and DeLuca 
respectively. Three subsequent chapters 
‘by Norman, Wasserman er al. and by 
Lawson consider the intestinal system 
from different aspects. One quarter of 


Centrifugation 
techniques 

Centrifugation’ A Practical Approach. 
Edited by D. Rickwood. Pp. 224. 
(Information Retrieval: London and 
Washington, 1978.) Hardback £8; $16; 
paperback £4; $9. 


Tus subject matter of this book justifies 
the publishers’ claims that it is an 
introduction to the technique with an 
essentially practical basis. It discusses 
differential pelleting, rate zonal and 
isopycnic methods and their appro- 
priateness for various purposes with 
different types of macromolecules, sub- 
cellular particles and cells. The operation 
"of all types of rotor, including analytical, 

There are numerous suggestions for 
experiments that contribute to the under- 
standing of principles. The comprehen- 
sive details provided embrace even the 
analytical methods to be used after 
centrifugation. Some of the warnings 
included imply that the recommended 
procedures have been modified in the 
light of experience. Apart from experi- 
ments that involve merely the generation 
or analysis of gradients, expensive equip- 
ment is involved. An unsupervised 
novice would therefore be well advised 
not to be too ambitious. 


the entire text is devoted to two 
chapters on bone, by Aaron and by 
Barnes and Lawson, and a large pro- 
portion of these chapters consists of a 
review of the histology and  bio- 
chemistry of growth cartilage and bone. 
Establishing the role of vitamin D in 
bone formation is clearly one of the 
main priorities for the next decade and 
the importance attached to the subject 
in this book i$ a reflection of this. The 


'physiology and pathology of vitamin D 


in man is considered in two more 
chapters by Stanbury and Mawer, and 
in the final one Parsons discusses the 
relationship between it and other 
calcium-regulating hormones. 

Most subjects are covered well but 
in such a forward-looking book I am 
surprised that the role of parathyroid 
and muscle as possible target tissues, 
and the control of intracellular calcium 
movement, were not considered in 
more detail. Overall though this is a 
valuable contribution to the literature 
and satisfies a very real need. It will 
be widely read and appreciated by the 
large numbers of biochemists, physi- 
ologists, nutritionists, clinicians and all 
others having an interest in calcium 
and phosphate metabolism А 

: Ian Dickson 
lan Dickson is a member of the Tissue 


Phynology Group at the Strangeways 
Research Laboratory, Cambridge, UK. 


On the whole the authors are successful 
in choosing a happy medium between 
the risks of overloading -the text with 
qualifying clauses and of presenting 
oversimplified statements. At some points 
the grammatical purist may wince, but 
there are few slips or printers’ errors, 
although ‘‘Pedersen” is consistently spelt 
“Pederson”. There is a useful glossary of 
terms, but symbols are not invariably 
standard throughout the book. 

With two exceptions the number of 
references at the end of each chapter has 
a maximum of ten. This restraint is 
commendable in a book of this nature, 
but occasionally results in a misleading 
impression. For instance, the short sec- 
tion dealing with the hydrostatic pressure 
of gradients contains only recent refer- 
ences and bears no hint that the existence 
of pressure gradients in any solution 
being centrifuged has long been recog- 
nised. | 

As there is a paucity of ‘publications 
covering the same field at an elementary 
level, this book should find wide accept- 
ance, especially as the price of the 
paperback should encourage younger 
workers to have a personal copy. 


P. А, Charlwood 


P. A. Charlwood is on the scientific staff of the 


MRC at the National Institute for Medical ' 


Research, London, UK. 
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Interested in 


ORIGINS? 


Consider an 


Alternative! 


Keep abreast of new developments m the 
creation movernent by subscribing to the 
Creation Research Society Quarterly. 
The following recent research articles in 
the journal offer important new insights 
into the problem of origins: 


© Post-Fre Regrowth in Relathon to 
Ecology and Ongins 

* The Use and Abuse of Astronomy in 
Dating 

* Another Theory of Gravitahon 


* А Creation Model for Natural Pro- 
cesses 


* Amino Acid Racemization in Manne 
Sediments 

* Bristlecone Pines and Tree-Ring Dating 

* The Precision of Nuclear Decay Rates 


ө On Methods of Teaching Origins: A 
Progress Report 


* Phylogenetic Development of Adipose 
Tissue і 


© Galaxy Clusters and the Mass Anomaly 
* Radiohalos in Coalified Wood 
* Fossil Zones 


* Which Animals do Predators Really 
Eat? 


ө Probability and Missing Transitional 
Forms 


If you are interested in alternative 
solutions to the problem of ongins, the 
Creation Research Society invites you to 
subscnbe to the CRS quarterly — over 
200 pages per year of large format 
journal — $13.00/year ($14.00 foreign). 
Checks only, please. Send to Subscrip- 
tion secretary, CRS,2717 Cranbrook 
Road, Ann Arbor, MI 48104. For more 
information write CRS, 27117 Langside 
Ave., Canyon Country, CA 91351. 
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Modification of 
perceptual systems 


Perceptual Modification: Adapting to 
Altered Sensory Environments. By R. 
B. Welch. (Academic: New York, San 
Francisco and London, 1978.) $24.50; 
£15.90. 





THis excellent book provides the most 
comprehensive review currently avail- 
able of research on adaptation of the 
human senses to rearrangement of the 
stimulus field. The author has care- 
fully summarised the principal findings 
of over 500 relevant experiments both 
published and unpublished, beginning 
with the late nineteenth century, and 
including important works completed 
only during the present year. The re- 
search methods used in each experi- 
ment are described clearly and suc- 
cinctly, and are assessed with an 
objective attitude that is pleasantly 
refreshing in a field in which evaluative 
reviews can often be exceedingly 
biased. 

The greater proportion of this book 
is devoted to examining the diverse 
types of adaptation to prismatic- 
induced distortions of the visual field. 
The various mechanisms that have been 
proposed to account for the adaptive 
characteristics of the visual system are 
presented in detail, and their relative 
success in explaining the different types 
of adaptation to visual distortions is 
reviewed critically. In comparing these 
mechanisms, the author is careful to 
make an important distinction between 
adaptive changes occurring specifically 
within the visual system and adaptive 
changes in how vision and movement 
are coordinated. The failure to make 
that distinction has often been a source 
of conflicting results in previous re- 
search studies. . 

The outstanding sections of this book 
are the reviews on the necessary and 
sufficient conditions for adaptation to 
prismatic displacement, adaptation to 
visual transposition, adaptation to 
contour distortions, and differences in 
adaptibility among species and indivi- 
duals. I was particularly impressed 
by the logical transition from the 
review of research on adaptation to 
inversions of the visual field to the 
review of research on adaptation to 
small angular rotations of the visual 
field. His treatment of these topics was 
notably insightful and informative; a 
consequence of an exceptionally clear 
presentation. 

The superior chapter in this book, 
however, is that on curvature adapta- 
tion, in which the author effectively 
contrasts adaptive changes in visual 
mechanisms used for processing infor- 
mation about objective shape with 


those used for processing information 
about object location. The classical 
controversy over the role of ‘active’ 
as against ‘passive’ movement in lead- 
ing to each tvpe of adaptation is also 
treated most elegantly in that chapter. 

If the book has a weakness, it would 
be the author's commitment to try to 
make sense out of each and every one 
of the many diverse findings that he so 
thoroughly summarises. As he himself 
points out, there seems to be an almost 
unlimited number of factors that can 
contribute to perceptual adaptation. In 
the final chapter, he proposes a simple 
theoretical model with the intention 
being to provide a complete account of 
perceptual adaptation and thereby re- 
solve numerous controversies in the 
literature. Although his model does 
serve well as a descriptive summary of 
the types of conditions that lead to per- 
ceptual adaptation, it really does not 
provide new insights into what the 
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might be. My suspicion is that there 
are many such processes, making an 
adequate model necessarily more com- 
plex than the author acknowledges. 
This, however, is a minor criticism; 
in general, the book is an excellent 
summary of our current state of know- 
ledge about the extent to which per- 
ceptual systems can be modified. It is 
highly recommended not only as a 
valuable reference for the professional 
researcher, but also as an informative 
introduction for the novice. I think the 
single most impressive feature of the 
book is the author's skill at organising 
an overwhelming number of isolated 
experiments, so as to provide the 
reader with a coherent account of one 
of the most confusing areas of visual 
perception. 
Ronald A. Finke 





Ronald A. Finke is a Spencer Foundation 
Predoctoral Fellow in Psychology at the 
Massachusetts Institute of Technology, 





fundamental underlying processes Cambridge, Massachusetts. 

я logical approaches contains a few ‘tricks 
Catecholamine of the trade’ that may be useful for those 
receptors embarking on these techniques. However, 

it was somewhat that 


Receptor Binding Studies іп Adrenergic 
Pharmacology. By L. T. Williams and 
R. J. Lefkowitz. Pp. 157. (Raven: New 
York, $21.45. 





THE proposal by Ahlquist thirty years ago 
that the responses of tissues to catecho- 
lamines are mediated by either a- or 
B-adrenoceptors has formed the basis of 
the development of a great number of 
agonist and antagonist drugs for these 
receptor sites. It has been somewhat 
surprising therefore, that despite this rich 
selection of pharmacological probes, 
reliable techniques to directly identify 
catecholamine receptors have only been 
developed over the past three to four 
years. However, over this latter period a 
multitude of research papers have been 
published describing direct labelling tech- 
niques, and substantial advances have 
been made in our understanding of the 
characteristics and regulation of these 
important recognition sites. 

The authors of this monograph have 
played major roles in the development 
of radiolabelled ligand binding techniques 
for both a- and f-adrenoceptors. It is 
therefore to be expected that much of this 
book describes, in considerable depth, 
work from their own laboratories. The 
authors have, however, written useful 
introductory and linking chapters. There 
are succinct accounts of the pharmacology 
of adrenergic receptors, theory of ligand— 
receptor interactions and a historical 
perspective reviewing some of the frustra- 
tions and disappointments that were 
inherent in the development of these 
techniques. The chapter on methodo- 


disappointing 
discussion of atypical binding character- 
istics such as those associated with 
negative co-operativity and multiple 
receptor sites, are dealt with only 
superficially. Nevertheless, the subsequent 
chapters, devoted to the pharmacological 
characteristics of a- and §-adrenoceptor 
binding sites, are particularly detailed 
and emphasis is rightly placed on the 
importance of using radiolabelled agonists 
as well as antagonists. 

The development of adrenergic receptor 
binding techniques has undoubtedly given 
us a new insight into the way cells may 
regulate their responsiveness to cate- 
cholamines. A chapter devoted entirely 
to this topic includes a useful account of 
the theoretical consequences of 'spare 
receptors’ and the intracellular amplifica- 
tion of extracellular signals. Homologous 
and heterologous hormonal regulation of 
adrenergic responsiveness are discussed 
in some depth, though other aspects 
such as receptor modulation in developing 
tissue and genetic influences receive less 
attention. 

Although there is no sign that the 
initial explosive increase in adrenergic 
receptor research is saturating, this book 
nevertheless is a timely review and the 
lucid style of the authors should ensure 
that it will become a primary and valuable 
source of information in adrenergic 
receptor pharmacology. 

S. R. Nahorski 





S. R. Nahorski is Lecturer in Pharmacology 
and Therapeutics in the School of Medicine 
at the University of Leicester, UK. 
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Shaken or ‘stirred - 


Hopkin & Williams’ cocktails 
аге the best — 


| ө РС5 The most versatile ала effective cocktail for aqueous 
: апа neame solitons Code 6496.90 


e ACS A complete éconómical esekia foraqueous and ~ 
organic solutions where some counting и апа 


versatility can be sacriflced for economy. 


e COCKTAIL T B 


A basic toluene/triton X-100 cocktail containing PPO 
and POPOP for high volume and/or general usage. 
Code 5179.00 


H&W now have aie. ý en 


Ф Low background glass vials @ Economical polyethylene € .Mini-vial of polypro»ylene 
SPECRAVIAL 2 vials (pack of 1000). . (pack of 1000) 
(pack of 400) ; Code 3498.65 > =: Code 3498.67 
-, , Code 3498. 50 - ] i 


ни HOPKIN & WILLIAMS PO Box 1, Romford RMI 1HA. Tai: 01-590 7700 


Cirole No. 11 >n Reader Enquiry Card. 



























Now accepting manuscrip ts for B Ё oe 
EXPERIMENTAL LUNG RESEARCH . 
а new journal from Elsevier North Holland, Inc. | 





Editor-in-Chief | 

Pul Nets, Cid lr Рисна Function ano aod rst omen ea 
Sciences, Research Triangle Park, North Carolina, U.S.A 

Aims and Scope 

колы M PE EN TN Emphasis wil be placed on 
investigations concerned with mechanisms of pulmonary biology and pathobiology conducted at the biochemical, 
eo incite ee 
individuals will be invited to review research topics of special importance or timeliness. 

Subscription Information. І 

EXPERIMENTAL LUNG RESEARCH wil beg publication in mid-1979. Volume 1 will consist of four issues. 
Subscription. Rates: $30.00 Individual $60.00 Institutional. Subscribers outside the U.S.A. should add $4.20 for surface 
Jumbo OU at Epa оре о шы an ПОО [or vit delivery o tie teat ы week 


ОМОТ ИИ 


ELSEVIER NORT H HOLLAND" 


NEW YORK 52 VANDERBILT AVENUE, NEW YORK, NEW. YORK 007 


‘Clrole No. 16 оп Reeder Enquiry Card. 
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pertrholc 
INFORMATION 


May we introduce 
ourselves? 
The name in Berthold 





Chances are that you may never have heard of a 
company with the typically German-sounding name of 
Laboratorium Prof. Dr. Berthold. The probability, 
however, is steeply rising that you will encounter one or 
the other piece of Berthold instruments in any Life 
Sciences or Medicine Lab handling radioactive 
isotopes. 

Berthold, whose factory is situated at Wildbad (Black 
Forest) F.R.G., is a fast growing enterprise designing 
and manufacturing Radiation Measuring Systems for 
industry, Science, and Medicine since more than 25 
years. Today the company owns branch offices in 
Belgium, France, Switzerland and Austria and has 
representatives in nearly 30 countries all over the world 
— the youngest one being Laboratory Impex Ltd. of 
Twickenham, Great Britain. 

it all began with scanners for the thin-layer and paper 
chromatography. The thin-layer scanner succeeded 
rapidly їп becoming widely known and valued 
throughout the world. Today there are well over 1000 
thin-layer scanners in operation! 





Thin Layer Scanner LB 2723 
Circle No. 08 on Reader Enquiry Card. 


Other novel and in most cases patented, 
instrumentation followed: first for radiogas- 
chromatography, then for column radiochromatog- 
raphy, to be finally followed by the Beta Camera for 
thin-layer chromatograms. 


An important step was our entry into the field of liquid 
scintillation measurement. We realized that we would 
not be welcome in an already fiercely contested 
market. But our intense efforts to create a modern 
concept in equipment engineering and data 
processing, of high quality and, last but not least, witha 
favourable price-efficiency ratio, contributed to a 
genuine breakthrough. So today we are one of the 
leading companies with a well established reputation 
in the field of liquid scintillation spectrometers, 





Gamma — Sample Changer LB 310 
Circle No. 19 on Reader Enquiry Card. 


The introduction of the new automatic gamma sample 
changer was somewhat easier. This was probably a 
matter of having had the right apparatus at the right 
time to take advantage of the radicimmuno assay 
boom. Still, our immediate success came as a surprise 
— even to us. 





Portable Contamination Monitor 

LB 12108 

Circle No. 20 on Reader Enquiry Card. 

And there is yet another speciality of Berthold, the 
radiation protection instruments. A complete line of 
monitors of most advanced design is offered. As an 
example only, it may be mentioned that Berthold one 
year ago introduced the sealed-off, Xenon-filled 
propertional counter tubes with 100cm?, 200 cm* or 
900 cm? effective window area which revolutionized 
completely contamination measuring customs in 
Nuclear Medicine. If you are interested to get to know 
further this dynamic company and its products, please 
contact 
LABORATORY IMPEX LTD. 


Lion Road 
Twickenham Tel: 01-892 9157 
Middlesex Tx 8951670 Labimp G 


LABORATORIUM PROF. DR. BERTHOLD, D-7547 Wildbad 1, Calmbacher Str. 22, P.O.B. 160, 
Phone (7081) 3981, Telex 724019 


esr Eee 
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what's new—radioactivity measurement 


These notes, prepared from material 
provided by the manufacturers, are 
intended to give an outline of the range 
of products on the market. More 
detailed information may be obtained 
by circling the appropriate numbers on 
the Reader Enquiry Card, bound inside 
the cover. 

A feature on laboratory design and 
safety will appear in the 15 February 
issue. 


Nalge (Sybron). Nalge offers a new 
system for scintillation counting based 
on a new principle: the Filmware tube. 
Filmware scintillation tubes combine 
the advantages and eliminate the dis- 
advantages of glass and plastic vials. 
This system costs $60 to $250 less per 
1.000 samples than conventional 
systems. Filmware tubes are available 
in two sizes—3 ml and 10 ml. In the 
Filmware tube, 1 ml of cocktail is dis- 
tributed vertically for the length of the 
photomultiplier tube, which therefore 
gets a good, efficient look at it. In addi- 
tion, it is possible with the 20 ml vial 
for the liquid level to go above the 
height of the photomultiplier tube. 
The Filmware tube gives optimal ex- 
posure to the photomultiplier tube, and 
often results in greater efficiency than 
standard vials. Like glass, Filmware 
tubes allow little if any loss of toluene. 





Filmware scintillation tubes from Nalge 


A major criticism of glass vials is that 
certain liquids, proteins, and ions can 
adsorb on to the walls. With Filmware 
tubes, there is no wall adsorption. 
Circle No. 27 on Reader Enquiry Card. 


Packard. A new two-dimensional radio- 
activity scanner for chromatographic 
plates and film has been introduced by 
Packard. The Model 7230 scanner will 
detect the activity of all f-emitting 
radionuclides and many low energy, 
y-emitting radionuclides on thin-layer 
plates and film. Chromatograms up to 
20cm X 20cm are placed on a tray 
which is inserted into the instrument, 
and a Geiger detector is arranged to 
scan the chromatograms in both the x 





and y directions. A stylus mounted 
above the detector provides a ‘dot’ im- 
pression on sensitised paper as the 
detector senses the radioactivity and an 
exact copy of the distribution of activity 
is produced as a 'dot' pattern. Many 
scanning speeds can be selected and 
collimators to restrict the detection area 
provide accurate resolution between 
closely separated regions of activity. 

Circle No. 28 on Reader Enquiry Card. 


Nuclear Enterprises. NE 1600 from 
Nuclear Enterprises is a new concept 
in iodine-125 and cobalt-57 sample 
counting. By simultaneous counting 
through-put almost 20 times greater 
than that of orthodox instruments is 
achieved. 

Circle No. 29 on Reader Enquiry Card. 





The NE 1600 


LKB. The LKB 2258 PMV Cryomicro- 
tome cuts sections of hard materials 
such as bone or teeth as well as soft 
tissues or whole animals. It is a com- 
pact heavy duty design for stable 
operation at low temperatures, 

Circle No. 26 on Reader Enquiry Card. 


Research Products International Cor- 
poration produce the G-M tube en- 
vironmental monitor, Model 6-70. 
Supplied with a special compensated 
MC-70 type G-M tube, this instrument 
is designed for determining environ- 
mental y radiation levels. The highly 


sensitive detector is suitable for 
measuring low intensity radiation 
within a reasonable time period. 


Sensitivity is approximately 150 pulses 
s'fora l øR h^ exposure rate. Bio- 
Count is a new cocktail from RPT for 
counting aqueous samples in a beta 
counter. It allows the incorporation of 
up to 3.5ml of aqueous sample in 
10ml of cocktail without forming a 
gel. The phase separation region of 
BioCount, 1.5-1.8 ml, is extremely 
narrow and in the range that normally 
does not interfere with most counting 
applications. 

Circle No. 30 on Reader Enquiry Card. 





Amersham Corporation. Several new 
products and services of interest to 
users of nuclear instrumentation are 
available from Amersham. A sample 
preparation advisory service for liquid 
scintillation counting is now provided. 
Should users wish to discuss sample pre- 
paration problems, they should call 
(800)-323 9750 and ask for Technical 
Services Department. An applications 
laboratory will perform trials and make 
recommendatiors on difficult samples 
Amersham has also added a number of 
new radioactivity standards to their 
extensive range The new products in- 
clude standardised solutions of carbon- 
14 (as glucose). cerium-139, cobalt-56, 
gallium-67, indium-II#, — iridium-192, 
krypton-85, mercury-197, molybdenum- 
99, tin-113 and xenon-133. Amersham 
has an extensive line available of liquid 
scintillation standards and quenched 
sets from stock. Custom designed 
quenched standards sets are also pre- 
pared to meet customers’ needs. 

Circle No. 31 om Reader Enquiry Card. 


Berthold. The Berthold MAG 310 
gamma counter is available in 
basic versions, the simplest providing 
output of data in c.p.m. (and for RIA, 
with nonspecific binding subtraction) 
and the MAG 310 R, with full multi- 
user RIA processing on-line. The 
MAG 310 is a bench mounted micro- 
processor based instrument, with rack 
loading for up to 310 samples. Each 
rack is positively identified numerically 
and per user. Thus racks out of 
sequence can be adequately dealt with 
by the computer software, illuminating 
a source of weakness in some other 
systems. In its standard form sufficient 
shielding is supplied to allow a full 


{мо 





Тһе МАС 310 


range of isotopes to be counted ир to 
and including iron-59. Selection of 
iodine-125 or another isotope is made 
automatically via the multi-user system. 
For laboratories where several opera- 
tors are to make use of a single system, 
it is convenient that conversation with 
the microprocessor (via the output 
device) is conducted in English 

Circle No. 32 on Reader Enquiry Card. 
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newly on the market 





Liquid nitrogen cryostat. Oxford In- 
struments. Test trials carried out by 
Oxford Instruments have shown that 
their DN700M liquid nitrogen Moss- 
bauer cryostat is capable of operating 
within a variable temperature range of 
77-300 K, with a stability of + 0.IK. 
Moreover, it will maintain this degree 
of stability at 77 K for more than five 
days. The standard version of the 
DN700M has a top-loading sample 
space of 20 mm clear diameter, and a 
sample change time of only 30s. The 
equipment, which incorporates à 
platinum sensor and a 392 heater, 
takes only 20 min to cool down and 
warm up. The tail has a diameter of 
63.5 mm with two in-line, wrap-round 
aluminised mylar windows, giving 
25mm clear access. Nitrogen flow to 
the heat exchanger is simply controlled 
using a valve in the gas exhaust line. 
An activated charcoal sorb is used to 
maintain a good vacuum. 

Circle No. 33 on Reader Enquiry Card. 


Chromatography columns. Wright. A 
new range of production chromato- 
graphy columns has been launched by 
Wright Scientific. Their special features 
include ‘snap-on’ sinters and ‘pres- 
surised' filling facilities. This large 
range allows you to choose your exact 
requirements without buying more than 
you need. 

Circle No. 34 on Reader Enquiry Card. 





Wright chromatography columns 


Light chopper. Rofin. Rofin has de- 
veloped a variable aperture, variable 
frequency light chopper which has a 
chopping blade whose aperture is vari- 
able from a very narrow slit to 90°, 
making the mark-space ratio of the 
chopped signal continuously variable. 
Features include chopping frequency 
variable over 3-200 Hz, high stability 
of frequency, F/2 input aperture cone, 
sync output and output control for 
internal or external frequency drive, 
360^ phase control and digital LED 
display housing. 

Circle No. 35 on Reader Enquiry Card. 


Integrating sphere calibration source. 
Glen Creston. The model 420 calibra- 
tion source is now available from Glen 
Creston, It consists of an 8 in diameter 
integrating sphere and а 45W 
tungsten-halogen lamp. The lamp is 
mounted on a movable platform, and 
an aperture wheel containing five 
different apertures is mounted in front 
of the integrating sphere. By altering 
the lamp position and changing the 
apertures one can continuously vary 
the output from the source. The 
standard source is calibrated for both 
illuminance and spectral irradiance 
over the range of  350-1,200 nm. 
Calibrations for the range 250-350 nm 
and 1,200-2,500 nm are also available. 
Circle No. 36 on Reader Enquiry Card. 
Automatic serum dispenser. Dynatech. 
An automatic serum dispensing unit, 
the 'seromat', is now available trom 
Dynatech, and allows up to 60 0.001 
or 0.002 ml volumes of typing sera to 
be dispensed into the corresponding 
wells of a pre-oiled leresaki tissue- 
typing plate. Push-button simplicity of 
operation means that the complete 
cycle time for loading a plate, dis- 
pensing the serum into the wells and 
unloading the plate is less than 5s. 
The seromat dispensing head consists 
of 60 micropipettes grouped to match 
the format of a Teresaki plate, Each 
micropipette has its own  200-4l 
reservoir and, once the pipettes are 
primed with a panel of typing sera, up 
to 200 plates can be seeded in under 
30 min. 

Circle No. 37 on Reader Enquiry Card. 
Illuminated pocket microscope. Intel 
Electronic Components announce the 
availabili.y of a miniature lightweight 
illuminated microscope which contains 
a comprehensive graticule enabling the 
area under inspection to be measured. 
Calibrations on the graticule are up to 
4mm in increments of 0.1 mm and 
angles from 30° to 90 are marked, 
together with a circular measurement 
of 0.2, 0.3, 0.4, and 0.5 mm. This 
pocket microscope is only 125 mm long, 
and has a wide field of view at x 20 
magnification. It incorporates a unique 
built in illumination and easy focusing 
system. lllumination is powered by 
standard batteries, 1.5 V, and a screw 
base 2.3 V 0.2 A bulb. 

Circle No. 38 on Reader Enquiry Card. 


These notes are based on information 
provided bv the manufacturers. For 


further details circie the appropriate 


numbers on the Reader Enquiry Card 
bound inside the cover. 





Microcellcounter. TOA. A new micro- 
cellcounter offering computer capability 
and an optional data printer has been 
introduced by TOA Medical Elec- 
tronics. The Sysmex CC-120 is the 
nucleus of a modular hematology 
system. The options which complete 
the system include: the Sysmex auto 
diluter AD-220, which aspirates, dilutes 
and ejects the sample, the ND-900 
which displays the sample being 
analysed, and the DP-411 data printer, 
which prints a  three-digit sample 
number, three-digit measurement 
results and three kinds of data. The 
mercury-free manometer, < 95 count- 
ing time, counting time display, audible 
aperture clog alarm and reverse aper- 
ture flushing are standard features of 
the CC-120 microcellcounter. 

Circle No. 39 on Reader Enquiry Card. 





The Sysmex CC-120 


High performance cooling thermostats. 
KLS. A new range of high performance 
cooling thermostats have been added to 
the Julabo equipment available from 
Kent Laboratory Services, designed for 
use in research, clinical chemistry and 
industrial laboratories. The main 
features of the latest range include 
proportional temperature control, a 
virtually noiseless compressor opera- 
tion, and an automatic on-off switching 
of compressor to eliminate operating 


errors. A high capacity circulation 
pump is built in with a double air 
ventilation system, and ап excess 


temperature and liquid level protection 
device is included for unattended day 
and night operation. 

Circle No. 40 on Reader Enquiry Card. 


HPLC column. Whatman, The What- 
man Partisil-5 ODS high pressure 
liquid chromatography column provides 
a guaranteed minimum of 11,000 plates 
per column. The column is 25 cm long 
(4.6mm diameter) giving a minimum 
of 45,000 plates per m. This new 
column is fully silanised, with no 
remaining adsorption sites, and 
provides pure C18 reversed-phase 
chromatography. 

Circle No. 41 on Reader Enquiry Card. 


THE 
NEW BREED 


Simplifies large area distribution studies 





We have not come as far as the zipper, 
yet.... but with the LKB 2250 PMV 
Cryo-Microtome we are getting close. 
When combined with whole-body au- 
toradiography this Cryo-Microtome 
makes it easier than ever to investi- 
gate the fate of drugs, chemicals and 
other biochemically interesting 
compounds. 

With this Cryo-Microtome 

you can collect sections 

ideal for both whole-body e 
autoradiography and 
tissue sampling. Every 
section is of the same high 
quality essential for 
quantitative distribu- wp 
tion studies. The 

LKB 2250 PMV Cryo- 
Microtome sections ani- 
mals up to 150х450 ^ 
mm easily as well as 1 
hard materials such 
as non-decalcified 

bone and teeth. 





Automatic specimen-trimming plus a 
unique automatic cleaning system 
provides safety and efficiency. The 
extremely high temperature-stabili- 
ty enables you to cut section after sec- 
tion without interruptions. After- 
wards the sections can be completely 
freeze-dried r:ght in the 

A cryostat. 
Many conscientious com- 

©, panies already use the LKB 
2250 PMV Cryo-Microtome 
to test their products 

for possible unexpected 
results befcre putting 

them on the market. 
Wouldn’t you like to 

have this extra insu- 

rance for your products 

too? 

For further ir formation 
send for the new full- 
colour brochure 


LKB-Procukter AB 
161 25 Bromma, Sweden 
Telex: 10492 Tel: 98 00 40 


Circle No. 1C on Reader Enquiry Card 
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Medical ResearchCouncil 31 March, 1979. Pree 
GRADUATE PLANT 
or BREEDING INSTITUTE 
POSTGRADUATE Maris Lane, Trumpington, 


in biochemistry, pharmacology, or 
medicine required for research project 


on the use of liposome-sequestered 
cytotoxic agents in experimental 
chronic inflammatory arthritis. Apply 


in writing, giving full curriculum 
vitae to the Administrative Secretary, 


Strangeways Research Laboratory, 
Wort's Causeway, Cambridge СВІ 
4RN. 9189(A) 


THE UNIVERSITY OF 
SUSSEX 
SCHOOL OF 
BIOLOGICAL SCIENCES 
RESEARCH OFFICERSHIP 


Graduate required te work on a 
three-year S.R.C. financed research 
project investigating hormonal 


effects on the stability of memory 


traces and of attention. The project 
is due to commence April 1, 1979, 
though students graduating in 
Summer 1979 will be considered. 
Starting salary in the range 
£3,384 to £3,883 p.a. (under re- 
view), with superannuation benefits. 
Applications as soon as possible 
to Professor R. J. Andrew, School 
of Biological Sciences, University 
of Sussex, Falmer, Brighton BNI 
9QG, from whom further details 
are available. 9242(A) 








Cambridge CB2 2LQ 
HIGHER 
SCIENTIFIC OFFICER / 
SENIOR 
SCIENTIFIC OFFICER 
CYTOGENETICS DEPARTMENT 


A Research Worker with experience 
in plant genetics and cytology is 
required who is prepared to develop 
the new techniques of DNA probe 
analysis in order to promote the 
understanding of the consequences of 
particular types of DNA organisation 
on genetic activities in plants, par- 
tícularly wheat. 

Candidates should have a ist or 
Upper 2nd Class Honours Degree in an 
appropriate biological science and at 
least two years’ postgraduate experi- 
ence in plant cytogenetics or related 
research. 

The appointment will be as Higher 
Scientific Oficer (£4,101 to £5,448 
per annum) or Senior Scientific Officer 
(£5,154 to £6,898 per annum). At 
least four years relevant postgraduate 
experience is required for appointment 
as Senior Scientific Officer. 

Applications with curriculum vitae 
and the names and addresses of three 
referees should be sent to the Assistant 
Secretary (Establishment) by February 
12, 1979. 

Please quote reference CYT/39. 

9195(А) 





UNIVERSITY OF 


LIVERPOOL 
DEPARTMENT OF 
BOTANY 
Applications are invited for the past 
of Demonstrator or Senior Demon- 
Strator to assist in teaching and 
research in bacterial taxonomy, Pre- 
ference will be given to applicants 


with experience in numerical methods 
of classification and — identification. 
The duties of the post will commence 
on April i. 1979, or as soon as con- 
venient thereafter; for one year in the 
first instance, and may be renewed, 
but not normally more than twice. 
The initial salary will be within the 
range £3,384 to £4.882 per annum. 
Applications, together with the 
names of three referees should be 
received not later than February 9. 
1979, by the Registrar, The Univer- 
sity, P.O. Box 147, Liverpool L69 
3BX. from whom further particulars 
may be obtained. Quote ref. RV/ 
451/N. 9218(A} 





PALEOSERVICES LIMITED 
OF WATFORD 
require a 
PALYNOLOGIST 


with Mesozoic and/or Paleozoic ex- 
perience to undertake studies of Well 
sequences and basin analyses. 
Salary negotiable. 

Please apply in writing to: Paleo- 
services Limited, Unit 2, Polychrome 
Building, Sandown Road, Watford. 
Herts WD2 4UB. 9093(A) 











MEDICAL RESEARCH 
COUNCIL 
PNEUMOCONIOSIS UNIT 


LLANDOUGH HOSPITAL 
PENARTH, 
SOUTH GLAMORGAN 
CF6 IXW 

Applications are invited for a con- 
sultant grade post in RESPIRATORY 
MEDICINE to carry out research into 
the cause, diagnosis, prevention and 
treatment of non-infectious extrinsic 
lung disease. The work includes the 
direction of а well staffed and 
equipped respiratory function research 
laboratory as well as the care of in 
and out patients at Llandough 
Hospital. 

The successful applicant will be 
expected to pursue his or her own 
research as well as collaborate іп 
projects involving other sections of 
the unit, 

Applicants 
hold a consultant 
medicine and have 
in the laboratory investigation of 
respiratory function. The successful 
applicant will be offered an unlimited 
appointment to the Council's clinical 
staff. Terms of employment will be 
those normal for M.R.C. Clinical staff 





should be qualified to 
post ín respiratory 


special experience 


with honorary consultant sessions in 
the National Health Service: Salary 
£9,528 to £12,084 and compulsory 
pension scheme. 

Applicants should contact the 
Director, M.R.C. Pneumoconiosis 
Unit, from whom further. information 
and an application form тау be 
obtained, Closing date-—February 24. 
1979. 9162(A) 


| 








NATIONAL INSTITUTE 
FOR RESEARCH 
IN DAIRYING 
CHEMIST/PHYSICIST 


(Nutrition Department) 
А scientist with considerable tech- 


nical ability is required to run and 
maintain an Isotope Mass Spectro- 
meter and an Automatic Optical 
Emission Spectrometer used in the 


analysis of 13N. The person appointed 
will be a member of a small team 
engaged in studies of nitrogen metab- 
olism in animals. 

Applicants should have a degree, 
H.N.C. or the equivalent in Physics or 
Chemistry and an interest in  bio- 
medical research; or similar qualifica- 
tion in Biochemistry with experience 
in mass spectrometry. Some knowledge 
of electronics is desirable. 

Appointment will be as Scientific 
Officer (£2,839 to £4,415) or Higher 
Scientific Officer (£4,101 to £5,448) 
according to experience. At least five 
years’ relevant postgraduate research 
or other approved experience is 
required for appointment as Higher 
Scientific Officer. 

Application forms аге obtainable 
from the Secretary, N.IR.D., Shin- 
field. Reading RG2 9AT. Quote ref- 
erence 78/36. 919X(A) 





GUY'S HOSPITAL 
MEDICAL SCHOOL 


LABORATORY SCIENTIFIC 
OFFICER 

required until September 30, 1980 t 
work in the Department of Chemica 
Pathology. Duties will include the i 
vitro cultivation of malaria parasites 
Previous experience in tissue cultum 
techniques essential. Salary for quali 
fied Laboratory Scientific Officer no 
less than £3,261 £354 Londo 
Weighting. 

Apply in writing, x 
giving details of qualifications 
experience, то the Secretary, Guy" 
Hospital Medical School, London 
Bridge SE! ORT. quoting Ref, C.H.f. 

9228(A) 


plus 


stating age anc 
anc 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited for a Post- 
doctoral Research Assistant to work 
with Dr J. P. Goddard in his Science 
Research Council grant-aided project 
on structure-function relationships ir 
transfer RNA. The current researct 
is on the recognition of tRNATs! 
and  tyrtRNA synthetase from B 
stearothermophilus. 

The position is for one year anc 
salary will be within range 1А of the 
salary scales for Research and Analo 
gous Staff, £3,883 to £4,382, accordini 
to qualifications, age and experience 
Appropriate Superannuation Scherr 
will apply. 

Applications enclosing a curriculun 
vitae and the names of two referee 
should be submitted by February 9 
1979, ta Dr J. P. Goddard, Depart 
ment of Biochemistry, University о 
Glasgow, Glasgow G12 8QQ. Е 

їп reply please quote Ref. No 
4346M. 9215(А) 
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NEUROBIOLOGY AND 
BEHAVIOUR 


A position at the Assistant Profesor 
lvel п quu cin the Blology 
Department, n nivenrity, 
Faculty on the Neurobiology and Be- 
haviour area include M. Constantine- 
Paton, E mm А. Gelperm, J. 
Gould, Qumn 
Evxience x ST promise in 
MM я вве Із essen 


аи pen three letters 
of recommendation to Dr Alan 
Gelperin, Neurobiology Search Com- 
mittee, Department of Bio , 
een Universtty, Princeton, 

Princeton University 15 ап 
сез0 Оррогишу/ /Affirmatrve Action 
Employer. 9112(А) 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF GENETICS 
POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited from 
persons with an interest m blo 
ohemustry or molecular genetics for a 

doctoral research position financed 

y an МЕС. Project Grant. The 
project will investigate the mechanun 

: and assembly inte 
membranes of specific c ic an 
outer membrane  poiypeptxkes in 
E. colt, This will involve the use of 
cloned genes for membrane proteins 
and coupled transcription/translation 
from DNA templates in m vitro 
miens, The work и likely to involve 
° collaboration wi research 
groups in the Department studying the 
physiology of cell drvuion in E colt 
and the cloning of division proteins. 
The appointment will be tenable for 
up to years from February 1, 1979 
or as soon after as can be arranged 





ST. MARY’S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Paddington, London W2 1PG 
GRADUATE 

IN PHYSIOLOGY OR 

PHARMACOLOGY 


who wil be expected to register for 
a higher degree, required to join team 
in the mechanigm of action 
to drugs affecting gastric secretion 

Appointment, which can be taken up 
unmediately, 13 for one усаг initially 
with prospect of extenalon for further 


Further information from Mr $ 
Knight (Tel: (01)-723 1252, ext. 133, 
to whom a tion with curriculum 
vitae may sent at above address 

9126(A) 





UNIVERSITY OF 
EDINBURGH 
DEPARTMENT OF 
BACTERIOLOGY 
POSTDOCTORAL FELLOW/ 
RESEARCH ASSOCIATE 


tumour inmunology. епос 
wo with tumours or in the finld 
of dar immuno be 


ТА. 

Send от to Dr W, Н. MoBride, 
Department of Bact , Edin- 
burgh University M School, 
Tenot EHB 9AG, 

Please quote ‘erence 5058 


BRUNEL UNIVERSITY 
DEPARTMENT OF 
APPLIED BIOLOGY 


Applications are invited for the post 
of postdoctoral Resarch едр (Tor 
a three years. or Wor on 
ро! cystic fibrosis cells. The work 
will be rformed in collaboration 
with Dr Dean, Reader-elect m 
Apphed Biology. The pro w being 
fondet los y The Cystic Fibrosts Trust 

particular interests are in 
mou! mechaniuns of protein de- 
gradation, macrophage activation and 


secretory processes. 
The is particularly suitable for 
a oell biologist, or a biochemist with 
ence with cultured cells 
within the range £3,910 to 
£5,367 (under review), plus £450 per 
annum London Allowance. 
Wnte for application 
further perticulars to the Assistant 
Secretary tabinhment), 
University, Uxbridge, Middlesex UB8 
3PH, or telephone Uxbridge 37188, 
extension 49. Closing date February 
9, 1979. 9219(A) 


UNIVERSITY OF LONDON 
Institute of Neurology 
DEPARTMENT OF 
NEUROCHEMISTRY 
Ner unen e are invited for two 

octoral posts Grade 1А in `a 
team working on the metabolism and 


role of S-hydroxytryptamine (and re- 
lated topics) and 


gramme pan 
one of the following fields essential 
nsurochemitry, nenropharmacolo$y, 
behaviour Initial salary £4,333 to 
£6,054 (Including oe allowance), 
dependtn 


Depart 
chemistry, 33 John’s Mews, London 
WCI, by February 23, 1979 
9220А) 





TECHNICIAN/ 
RESEARCH OFFICER 


required to work with Profesor 
Mitchison at Tumour Immunol 
Unit on viral immunology Work 1 
involve virus preparation and titration, 
antmal work such as immunisations 
and bleeding, and othér immunological 
techniques Candidates should have an 
HN C./Degree and at least two years 
laboratory experience. An interest In 
xnmunology and experience іп virology 
and taue culture would be valuable 
Salary range £3,261 to £4,902 plus 
London W ting 

For application form and further 
information please write or telephone 
Mrs Nelson, Imperial Cancer Research 
Fund, Lincoln's Inn Flelds, London 
W C2. Telephone 01-242 0200. Ext 
305 Quoting ref. 77/79 9191(A) 





READING 
NATIONAL COLLEGE 
OF FOOD TECHNOLOGY 
Short-term Lectureship 
in Applied Biochemistry 


Applications are invited for the 
post tenable at the National 
College of Food Technology, Wey- 
bridge, Surrey, for the duration of the 
Summer Term (mid-April—beginning 
Juy, 1979) The duties are to give a 
course of lectures on food bio- 
кы and to supervise related 
practical classes Payment for the 
erm will be within the range £1,200 
to £1,600, 
Applications with a curriculum vitae 
should reach the ee National 
College of Food riser days "s 





maximum £8,465) depending on qualifications and experience Marriage 


CSIRO AUSTRALIA 


Aircraft 
Operations 
Manager 


Division of Cloud Physics 
Sydney, NSW 


CSIRO has a broad charter for research nto рптагу and 
secondary industry areas The Organration has approximately 
7,000 employees—2,400 of whom are research and professional 
scientists—located tn Divisions and Sectors throughout Australia. 

General: The Divisions’ research activitios are associated with 
the natura! mechanisms of cloud and rain formation, artrfictal 
induction of ralnfall by techniques such as zloud-seeding, and 
studies of atmospheric particles 

Dutles: Responsible for the co-ordination and performance of 
activities associated with the Division's use of aircraft 


Advise research staff concerning the installation of scientific 
equipment in aircraft, undertake the layout design of such 
Installations to meet research requirements and Department of 
Transport standards and Ilaise with installation contractors. 

The appointee may be required to provide advice about alrcraft 
available for charter and their suitability for research purposes, to 
negotlate with charter companies and to be generally responsible 
for the modification and use of chartered aircraft. The appointee will 
also be required to act as “Field Manager” Junng the course of a 
major cloud seeding expenment to be concucted over a five year 
penod in Westem Victona As Field Managar the appointee will be 
responsible for ail aspects of aircraft operations associated with the 
expenment, which involves the use of three aircraft. It will therefore 
be necessary for the appointee to be located at Mildura from 
August to mid November commencing in 1979 and over the same 
penod for the ensuing four years. 

Qualifications: An appropriate degree or diploma, or equivalent 
qualification Applicants should preferably rave had considerable 
experlence in the aircraft industry and be familiar with the operation, 
maintenance and modification of a wide verlety of aircraft A good 
knowledge is required of О.О Т airworthinase standards, especially 
those concerning structural modification and equipment installation. 


Applicants should be physically fit to fly and prepared to 
participate in field operations involving absences from Sydney 

Salary: Within the range $A17,115 to 3A20,887 p.a Appropnata 
allowances are payable for extended duty away from Sydney. 


Tenure: Indefinite with superannuation. 


Applications IN DUPLICATE, stating ful personal and professional 
details, the names and addresses of at loas: two professional 
referees, and QUOTING REFERENCE NUMBER 425/58 should 
reach 


The Personne! Officer, Australian Scient fic Liaison Office, 
Canberra House, 10-16 Maltravers Street, London WC2R 3EH, 
by 16th FEBRUARY 1978. 


Applications In U.S A and Canada should be sent to: 
The Counsellor Scientific, Embassy of Australia, 
1601 Massachusetts Avenue, N.W , Washington, D.C., 


20038, U.S.A. 9208(A) 









AN FORAS TALUNTAIS 


LAND RECLAMATION RESEARCH 
Applications are invited for a post in ar expanding land reclamation 
research programme, with particular emplens on drainage The post 
wil be in the Western Research Centre, a: Creagh Station, Ballinrobe, 
Co. Mayo 
ESSENTIAL: Honours University Degree, or equivalent, in Engineering, 
Agricultural Engineering or Agricultural Science 
DESIRABLE: Postgraduate sto and/or experience іп  soi/watar 
relationships as ecting lend reclamation and use. 
Appointment up to and including Senior Research Officer level (salary 


vinon for Widows’ and O 
a lication form and further particulars from Personnel De ment, 
oras Taluntau, Heaiquarters, 19 Samiymount Avenue, bhn 4. 
{ы 688188). Latest date for receipt of completed forms Wednesday, 
anusry 24, 1979. 
9158(A) 


and Childrens’ allowances. он aa ta Pension Scheme and pro 











Biochemist 


The Plant Protection Division of ICI wishes to recruit a 
biochemist with postgraduate research expenence to 
play a part in the discovery of new insecticides An 
understanding of neurobiology would be desirable, but 
practical experience of insect biochemistry is пої 
essential However, candidates must have considerable 
scientific flair and imagination, and the ability to draw 
on research in other fields 


The successful applicant will join a multidisciplinary 
project team and will be responsible for the work of two 
graduate biochemists The job holder will be required to 
initiate research' in areas of insect biochemistry that could 
lead to a synthetic programme or produce sn vitro methods 
for detecting active chemicals Complementary work will 
be concerned with evaluating the mode of action of 
promising new insecticides and gaining an early 
understanding of the factors that may contnbute to the 
development of resistance 


We offer competitive salanes and there is a Company 
Profit Shanng Scheme Assistance with removal expenses 
and house purchase may also be available The Research 
Station i$ situated on a pleasant farm estate betwoen 
Brackneli and Maidenhead in Berkshire , 


lf you are interested in this vacancy please wnte or 
telephone for an application form to 


Mr D Spence, Personnel Officer, ICI Plant Protection 
Division, Jealott's Hill Research Station, Bracknell, 
Berkshire Telephone Bracknell 24701, ext 3350. 


Please quote reference 79/Biochem 


Plant Protection 
Division 


9177(A) 


AGRICULTURAL RESEARCH COUNCIL 
FOOD RESEARCH INSTITUTE 


Head of the 
Microbiology Division 
Senior Principal Scientific Officer 


Applications are invited for this post from scientists 
with a broad experience in Microbiology. 


Distinction in a relevant microbiological research 
area, preferably with a bacteriological background, is 
required and experience in food-related areas will Бе 
of special value. The total staff of the Division will be 
approximately 25 with at least five Principal Scientific 
Officers and appropriate support staff. 


The Institute 1s housed in excellent laboratories in 
Norwich and takes a major role in the Council's 
research effort relating to food in the U.K. 


The salary range for this appointment is £10,300 x 
2 to £11,300 and there is a non-contributory super- 
annuation scheme. 


Further particulars and application forms are 
available from the Secretary, ARC Food Research 
Institute, Colney Lane, Norwich, NR4 7UA, quoting 
Ref: 77/10. Closing date February 5, 1979. 9197(A) 
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NATIONAL INSTITUTE 
FOR RESEARCH 
IN DAIRYING 
(University of Reading) 
UTILISATION OF 
SKIMMED MILK 


The following temporary research 
staff are required to work оп а project 
supported by the E E C and concerned 
with onproved utilisation of skimmed 
milk: 

Two protein chemusts/enzymologists, 

A food technologist or chemical 

engineer; 

A protein chemist, physical chemist 

or bx-physicist 

Applxants should possess a Ist or 
upper 2nd class Honours Degree and 
have had at least four year’ post- 
graduate research or other relevant 
experience Salaries will correspond 
to those of the Scientific Сіті] Service 

Application ‘forms are available from 


the Secretary, NIRD, Shinfteld, 
Reading RG2 9AT Please quote ref- 
erence 78/45 194(A) 


University of Cambndgs LECTURE- 
SHIP Applications are invited for a 
University Lecturer in Botany to take 
up appointment from October 1, 1979 
or as soon as possible thereafter The 
person appointed will be expected to 
provide teaching in the field of whole 
plant physiology and/or ecological 
pent physiology and to have research 
nterests in the same areas of plant 
physiology The appointment will be 
thrée years Їп the first instance, 
with the posibility of reappointment 
to the reuring The salary is on 
an incremental scale гипо from 
£5,367 to £8,257 per annum Applea- 
tions with the names of two егесз 
should be sent by "March 31, 1979 to 
the Secretary of the Faculty Board 
of Biol 'A' Appointments Com- 
mittee, ment of Applied Bio- 
logy. Pembroke Street, СатЬпа 
CB2 3DX, from whom further par- 
ticulara may be obtained 9226А) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF ZOOLOGY 


RESEARCH ASSISTANT 


Appheations аге invited from 
graduates in zoology and those intend- 
ing to graduate in 1979 to work with 
Dr D Е Houlihan on “Energy cost 
and mechanisms of Transepithelial 
Transport in Insects "* 

Appointment will be from April 1, 
1979, or as soon thereafter as possible, 
and wil be for three years Com- 
mencing sal within Range iB. 
£3,384 to: £3,883 per annum, with 
appropnate placing 

Further particulars from The Sec- 
retary, The University, Aberdeen, 
with whom applications (two coples) 
should be lodged by February 9, 1979, 
quoting Reference DH2 9163(A) 





UNIVERSITY OF 
LIVERPOOL 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are mvited for the post 
of Technician to assist with research 
in inset blochemistry Minimum 
qualification for this post is an ON C 
but applications will be welcomed 
from candidates hokimg HNC or 
graduates or a degree in Biochemistry 
or Zoology Some experience of insect 
physiology en advantage but not 
estential The post uw tenable for 24 
years in the first Instance with a 
possibility of renewal Salary within 
а rango up to £2,835 annum 
(under review) according to qualífica- 

tions and experience 
Application forms may be obtained 
from The Remstrar e University, 
PO Вох 147, Liverpool L69 3BX 
Quote Ref R'V/456/N 
9217(A) 











UNIVERSITY OF SURREY 
CHEMISTRY DEPARTMENT 


TECHNICIANS 
TECHNICIAN GRADE 5 


£3,186 to £3,720 (under review 


A Grade 5 laboratory technician | 
required to assist in the daily runam 
of laboratories with special résponsi 
bility for the departmental radio 
chemical laboratories The routine anc 
research procedures may include opers 
tion and maintenance of a vanety o 
sophisticated instruments, азиз 
with unde uate or post graduati 
courses, radiosynthesis, and mainten 
ance of safety standards 

alifications sought, HNC, 
H D /Advanced City & Guilds anc 
8 to 9 yoars’ experience, 


TECHNICIAN GRADE 4 
£2,955 to £3,402 (under review! 


A Grade 4 Technician u required 
to astist in the running of the under. 
graduato  laboratones, with specia 
responsibility for the Physics labora 
tory within the Chemistry department 
The Physics laboratory із an intogra 
part of the Physical Science саге 
course and therefore a back 
physics is desirable in dition t 


NSW 
alifications sought оме, 
OND /Ordinary City & Gullds/2 A 
Levels and 5 to 8 years’ гпепсе, 
Application forms for both of these 
posts may be obtained from the Stafi 
Officer, reU of Surrey, Guild. 
ford. Su SXH, or telephone 
Guildford 71281, extension 452 
Closing date for applications Feb- 
ruary 12, 9205(A) 


UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF 
PHYSICS 


TWO LECTURESHIPS 


Applications are invited for two 
lectureshi in the Department of 
Physics, e successful candidates will 
be required to contribute fully to the 
teaching programme in the Depart- 
ment One of them will be expected 
to join the Nuclear Structure Research 
Group, the other to join one of the 
other research poo in the Depart- 
ment They wil expected to take 
up their appointments not later than 
October 1, 1979. 

Sal wil be on the scale £3,883 
to £7,754 (under renew) plus super- 
annuation 

Further particulars are available 
from the Assistant Registrar, Science 
and Parente: cs vane of Bir- 
пип ат, PO тила 
В15 2TT, to whom ocean end hroe 
copies), 1ncluding full curriculum vitae 
and the names of three referee should 
be sent by Friday, February 2, 1979 
Please quote ref. NDI. 92А) 





MEDICAL RESEARCH 
COUNCIL 
Clinical Oncology and 
Radiotherapeutics Unit 


pharmacokinetics and the metabo 

of drugs and radiation sensitisers tn 
animals and man Experience of high 
performance Lquid chromatography is 
essential 


The successful candidate will com- 
duct routine drug estimations and will 
take eco in the Unit's on-going 


programme 

The appointment wil be for five 
years with « possibility of eventual 
tenure to retiring ago. Candidates 
must have at least an upper second 
class honours degree and six year’ 
relevant postgraduate experjence 

Salary oc scale starting from £5,367 
per annum 

Applications, with full cv — and 
names of two referocs, should be sent 
to Miss F M Taylor, MR C Clinical 
Oncology and Raediotherapeutics Unit, 
The Medal School, Hill Road, 
bridge CB2 2QH, to be received not 
later than February 12, 1979. 
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НАСРИ OF Wales 


UNIVERSITN 


college of 
ISWADSEA 


Senior Research Assistant 
Appheations are invited for the 





vacancy of 
Senior Assistant In the 
Department of Botany and 
iology 


The post ıs financed by NER.C, to 
support work, under the supervision 
of Profesor P J, Syrett, on the 
biochemistry and phymology of nitro- 
gen amunilation by manne photo- 

lankton Applicants ahould have a 

D degree and research experience 
in biochemistry. 

The appointment, which will be for 
one in the first instance, with the 
poesibility of renewal for a further 
two yemrs, will be on the scale up to 
£4,382 anoum, together with 
USS S.D.P S. benefits. 

Farther particulars amd application 


AUSTRALIAN NATIONAL 
UNIVERSITY 
OFFICE FOR RESEARCH 
IN ACADEMIC METHODS 


Ар academic position is vacant in 


improve facilites for teaching and 
learning within the University, to 
collect data geni for educational 
to e the findings of 
educational research available to 
teaching and administrative staff 
Appleants should have experience 
dn university teaching and should be 
qualified to und 6 research into 
one or more of higher educa- 
поп as part а small independent 
team, Thero may be opportunities for 
a small amount of teaching in the 
tee's own discipline, as this will 
Р maintain contact with students 
will provide the chance to prac- 
tise innovations in course design, 
teaching and aseomment The ap 
pointoo may bo asked from time to 
time to be Acting Hoad of the Office 
Чп the absence of the Head 
Appointment will be for three years 
in the first instance, with the pos- 
ubility, following review of reappoint- 
ment for a further fixed term or tb 
ago 65 A threo year secondment from 
an existing tenured position could be 
n rated 
post was advertmed сагИсг as 
Research Follow or Senior Reeearch 
ellow The terms have now been 
shghtiy varcd and the title has not 
yot been resolved. The applications 
received for the post when rt was last 
advertised will be considered, unless 
candidates indicate that they are no 
Код Interested. 


encing wil be in 
ecoordance with cations within 
the ranges $A15,1 to $A19,940 per 


annum or $A20,365 to $A23,737 per 
annum Current exchange rates $A1 
"P $081.14. 

easonable appointment expenses 
tre pali Superannuation benefits are 
ivaliable for applicants who are 
ehgpble to contribute Assistance with 
housing & provided for an appomtee 
‘rom outskie Canberra 

The Untvermty reserves the right 
aot to mako an appointment or to 
nake an appointment by invitation at 


time. 
ropes applicants should obtain 
the ut particulars from tho 
uos (А , 36 Gordon Square, 
‘London it OPF. The closing date 
Wor Уш of appheations & Februar) 


Scientists for 


Neutron Beam 


Research 
Rutherford Laboratory 


'The Rutherford Laboratory is constructing a new neutron 
source, known as the Spallation Neutron Source (SNS) which will 
provide intense pulsed neutron beams for condensed matter research 
by scientists from universities and polytechnics. 

This is a major project of world significance which is planned 
for initial operation by 1982. 

Preparation for exploitation has begun and this will require the 
progressive recruitment of neutron scattering specialists during the 
next few years to contribute m various areas, notably the design of 
neutron scattering instruments for the SNS, supervision of their 
operation, and the planning of support facilities such as sample 
preparation laboratories. In the short term, development studies on 
pulsed source instrumentation will be made using the Harwell 
electron linac and pulsed sources elsewhere. In addition the successful 
applicants will be expected to participate in scientific research 
projects usually m collaboration with the user community, and using 
the facilities at Harwell and the Institut Laue-Langevin (ILL), 
Grenoble. It is the intention that some of those recruited will be 
invited to work for extended periods at ILL to broaden their 


experience and to contribute to the ILL programme. There are 
opportunities for sutably qualified scientists, including theorists and 
experimenters, both for permanent appointments and Lor 
secondment. Applications will be considered from those able to fill 
posts promptly as well as later during 1979. 

ў In the case of secondment, the Rutherford Laboratory would 
welcome applications or сш from staff in universities or similar 


institutions who have considerable experience in neutron scattering 
and who would be interested in working at the Laboratory for periods 
of 2-5 years. The precise terms of secon: t would be subject to 
negotiation between a successful candidate, his employer and the 
Laboratory. 

Appointments to permanent posts in the Science Group will be 
made at SO/HSO levels. Applicants for these posts will preferably 
have a good honours/PhD degree plus relevant experience. 
Exceptionally an appointment might be made at a more senior level 
(SSO or PSO). 

Salary scales: Scientific Officer £8,087 to £4,724. 

Higher Scientific Officer £4,388 to £5,829. 
Contact:- Jane Griffiths in the Personnel Group 
on Abingdon 
(0235) 21900 Ext. 610. Or write to her quoting 
reference VN 763. 


Closing date for applications February 9th 1979. 


RUTHERFORD 


Science Research Council 


Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire OXI OQX. Tel Abingdon 21900 





xxiv 


Nature Vol. 277 18 January 19; 





GSEROQ AUSTRALIA 


Division of Fisheries and Oceanography 
Sydney, NSW 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organization has approximately 
7,000 employees-—2,400 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia. 


Fiela: FISHERIES BIOLOGY 


General: The Division is Australia's principal marine research 
institution with about 70 scientists investigating the physical, 
chemical and biological features including fisheries of the oceans 
around Australia. Headquarters of the Division are at Cronulla, 
Sydney, with regional laboratories in Perth, Brisbane and a field 
laboratory at Karumba. On-line access to a Cyber 76 computer is 
available. Two well-equipped medium sized chartered vessels are 
available for oceanographical research and there are several smaller 
CSIRO vessels. 


1 Research 
Scientist 


Reference Number 320/611 


Duties: To take a leading role in the development and execution 
of a research programme on marine fish resources around Australia 
including the supervision and co-ordination of other researchers in 
this field. Initially attention will be directed to demersal and pelagic 
resources associated with the continental mass. Field investigations 
on the Division's vessel and on fishing vessels in the open sea will 
be required. Temporary posting to other parts of Australia might be 
necessary. 

Qualifications: A biologist with considerable experience is 
being sought. Basic formal qualifications are Ph.D degree or 
equivalent qualifications in one of the ecological sciences or 
fisheries with training in mathematics and statistics, together with 
demonstrable research ability, and ability to work at sea. 


Salary: Senior Research Scientist: $A18,819 to $A21,543 p.a. 
or Principal Research Scientist: $A22,353 to $A25,354 p.a. 


Tenure: Indefinite with superannuation. 


> Postdoctoral 
Research Fellow 


Reference Number 320/610 

Duties: To participate in the development and execution of a 
research programme on marine fish resources around Australia. 
Initially attention will be directed to demersal and pelagic resources 
associated with the contental mass. Field investigations on the 
Division’s vessels and on fishing vessels in the open sea will be 
involved. Temporary posting to other parts of Australia may be 
required, 

Qualifications: A Ph.D degree or equivalent in one of the 
ecological sciences or fisheries with training in mathematics and 
statistics, together with demonstrable research ability, and ability 
to work at sea. 

Salary: Research Scientist: $A14,829 to $A18,177 p.a. or 
Senior Research Scientist: $A18,819 to $A21,543 p.a. 


Tenure: 3 to 5 year fixed term appointment with superannuation. 

Applications IN DUPLICATE, stating FULL personal and 
professional details, the names and addresses of at least two 
professional referees, and QUOTING THE APPROPRIATE 
REFERENCE NUMBER(S) should reach: 

The Personnel Officer, Australian Scientific Liaison Office, 

Canberra House, Maltravers Street, London WC2R 3EH 
by 16th FEBRUARY 1979 

Applications in U.S.A. and Canada should be sent to: 

The Counsellor (Scientific) Embassy of Australia, 


1601 Massachusetts Avenue N.W., Washington, D.C. 20036 
9212(A) 











AHMADU BELLO 
UNIVERSITY, NIGERIA 


Applications are invited for the 
posts of SENIOR LECTURERS and 
LECTURERS in the DEPARTMENT 
OF HUMAN ANATOMY. For the 
post of Senior Lecturers, candidates 
should possess a higher degree, have 
considerable teaching and some 
research experience preferably at 
university level. For the post of Lec- 
turers, candidates should possess a 
first degree with considerable years 
teaching experience since qualification. 
All appointees will be expected ta 
assist with departmental administration 
as and when required and also provide 
a service to the community whenever 
possible. Salary scales: Senior Lec- 
turer N7,764 to N8,724 per annum 
(£6,161 to £6,923 per annum sterling). 
Lecturer 1 N6,444 to М№6,984 рег 
annum (£5,114 to £5,542 per annum 
sterling). (£1 sterling equals N1.26). 
Fringe benefits include pension scheme 
or contract addition of salary (partly 
taxable). There may be salary supple- 
mentation of salary for Senior Lec- 
turers of £2,892 per annum (sterling) 
for married appointees and £726 per 
annum (sterling) for single appointees 
(presently under review and free from 
all tax) and provision of children's 
education allowances and holiday visit 
passages. Lectureships will not attract 
the supplement. The appointment may 
be either on fixed term normally of 
two years contract renewable by mutual 
agreement or till retiring age of sixty. 
Family passages, biennial overseas 
leave, car allowance and pension 
scheme, partly furnished accommoda- 
tion at low rental. Detailed applica- 
tions (two copies) with curriculum 
vitae and naming three referees should 
be sent direct to the Registrar. 
Ahmadu Bello University, Zaria, 
Nigeria, by February 27, 1979. Appli- 
cants resident in U.K. should also 
send one copy to Inter-University 
Council, 90/91 Tottenham Court 
Road, London WIP ODT. Further 
particulars may be obtained from 
either address. 9184(A) 





THE UNIVERSITY OF 


LIVERPOOL 
CYTOGENETICS UNIT 


SCIENTIFIC OFFICER 
(CYTOGENETICIST) 


Applications are invited from 
Science graduates for a basic grade 
post on the Whitley Council “A” 
scales in this unit which provides the 
Cytogenetics Service for the Mersey 
Regional Health Authority. 

Experience in human cytogenetic 
techniques/tissue culture is desirable. 

Salary within a range £3,486 to 
£4,275 рег annum depending on 
qualifications and experience. Appli- 
cations in writing together with two 
references should be made as soon as 
possible and no later than Friday, 
February 9, to The Registrar, The 
University, P.O. Box 147, Liverpool 
L69 3BX. 

Quote Ref: RV/446/N. 

9156(А) 





THE UNIVERSITY OF 
MANCHESTER 


EXPERIMENTAL OFFICER 
DEPARTMENT OF 
PHARMACY 


Applications are invited from 
graduates іп chemistry, biochemistry 
or a related science. The successful 
candidate will develop methods for 
determination of drugs in biological 
fluids, using modern chromatographic 
and radioactivity techniques, help plan 
and run kinetic experiments in animals 
and man, and help in processing the 
data using computational techniques. 
Salary range £3,384 to £5,604 рег 
annum. Superannuation under 0.5.5. 
Particulars and application forms 
(returnable by January 29) from the 
Registrar, The University, Manchester 
M13 9PL. Quote ref: 1/79/N. 

9160(A) 





EUKARYOTIC MOLECULA 
BIOLOGY 


DEPARTMENT OF 
BIOCHEMISTRY 


UNIVERSITY OF IOWA 


The department invites applicatio 
and nominations for a faculty ро 
tion at the Assistant Professor 
Associate Professor level that w 
become available — July І, 197 
Responsibilities will include particip 
tion in the department's medica 
graduate, and undergraduate teachi 
programmes as well as in independe 
research. 

Applicants should hold a doctor 
degree and have postdoctoral expe: 
ence and/or previous faculty expe 
ence. Candidates will be evaluated « 
the basis of their dedication to exc 
lence in teaching and research and ‹ 
their capacities to develop a vigoro 
research programme jn eukaryot 
molecular biology. 

Applicants should send curriculu 
vitae, list of publications, a summa 
of research interests, and have thr 
letters of recommendation  submitti 
on their behalf to: 


Dr Thomas W. Conway, 
Chairman, 
Faculty Search Committee, 
Department of Biochemistry, 
University of Iowa, 
College of Medicine, 
Iowa City, IA 52242. 
Deadline for applications а 
nominations: March 1, 1979. 
The University of lowa is ап Еди 
Opportunity and Affirmative Actie 
Employer. 9170(A) 





INTERNATIONAL 
INSTITUTE OF 
TROPICAL AGRICULTURI 
Ibadan, Nigeria 
Position: 
ENTOMOLOGIST —CEREA! 
CROPS 


Entomologist sought with —Ph.l 
and at least three years’ resear 
experience in food crops, preferah 
cereals, to work as member of mul 
disciplinary team responsible for ir 
provement of rice and maize. Pla 
host resistance work preferred. 

Salary and benefits at internation 
level commensurate with — qualific 
tions. Two-year renewable contrac 
Position available immediately. 

Applications should be sent wi 
bio-data and three references to: 

Director General, 

International Institute of Tropic 

Agriculture, 

Oyo Road, 

PMB 5320, 


Ibadan, Nigeria. 9167(A) 





MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 
FACULTY OF MEDICINE 

ASSISTANT PROFESSOR 

OF IMMUNOLOGY 


Immunologist/Immunogeneticist — i 
quired at Assistant Professor (а 
Postdoctoral fellow) level to je 
others in a medical school immunolo 
group. Special research strengths 
this group are a good HLA 1 
(International workshop — standart 
complement allotyping, collaborati 
relationships with the blood bank, b 
chemical genetics, cytogenetics а 
with clinical investigators, plus t 
availability of large families. О 
group is also involved in teaching, 
a clinical immunology diagnos 
laboratory and with а transplantati 
programme. 

For more information please wri 
preferably sending detailed curriculy 
vitae plus any relevant reprints, to 
wW. H. Marshall, Professor of 1 
munology, Faculty of Medici 
Memorial University of Newfoundla: 
Canada, AIB 3V6. 9137(A 
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CURRAUN FISHERIES LTD. 


а company within the Guinness Group 


require a 


MANAGING 
DIRECTOR 


Qualifications: Biologist. with expertise In the 
farming of salmon and rainbow trout. 


Location: 


Salary: 


Newport, Co. Mayo, Ireland. 


According to age and experience. 


Assistance with relocation expenses. 


Following research. Curraun Fisheries Ltd., Is about to 
build a hatchery and seacages in Co. Mayo. À 
Managing Director is required to lead and augment an 
existing small team and develop the enterprise, 
including, in due course, further such operations. 


Applicants should be commercially minded, with 
initiatrva and drive, to provide the growth envisaged 
by the Company Future prospects are good for the 
individual who can achieve the Company's targets 


Reply, with appropriate career and other detalls to: 


C. T. Howlett, 
St. James's Gate, 


Dublin 8. 


UNIVERSITY OF 
SOUTHAMPTON 
SHIP SCIENCE 
Vacancies for a 
MATHEMATICIAN/ 
PHYSICIST 


and a 


NAVAL ARCHITECT 


Applications are invited to bll two 
posts to continue research into the 
capsmung of ships This work is being 
sponsored by the Ministry of Defence 
for a further period of three years 

The first appointment, to take effect 
immediately, ш for а postdoctoral 
Research Fellow who should be an 
Applied Mathematician or Theoretical 
Physscist with risnca in h 
dynamics An additional knowledge 
of the mechanics of non-linear sys- 
tema would be advantageous 


The second appointment, to take 
effect after July 1, 1979, for a 
Recearch Asiant who sbould have 
1 degree in Naval Architecture 
with а knowledge of ship dynamics 
and hydrodynamics 

Selancs will depend оп афо and 
experience but will in а range up 
to £4,882 for the llowship and 
X3,882 for the Asustantship USS 
»uperannuation benefits apply 


Further details may be obtained 
from D A S Copland, The Unm- 
versity, Southampton SOS SNH to 
whom applications giving а cur- 
Mculum vitae and the names of two 
teferees should be sent not later than 
Kebruary 12 Please quote reference 
No 181 /R/Na. 9148(A) 








UNIVERSITY OF 
MELBOURNE 
Australia 


RESEARCH FELLOW 
GRADE II (LIMITED 
TENURE) IN PHYSICAL 
OCEANOGRAPHY OF THE 
SOUTHERN OCEAN 
in the 
DEPARTMENTS OF 


MATHEMATICS AND 
METEOROLOGY 


A position has been created, in 
conjunction with a New Development 
Programme for Antarctic Studies and 
Resources, for a Reesoarch Fellow to 
work jointly in the Mathematics and 
Meteorology Departments of thu 
University prumanly on the develop- 
ment of a model of the Southern 
Ocean circulation with some emphasis 
ou sce/atr/ice interactions. 

The candxiste  shouki preferably 
bave & background in physical. ocoano- 
graphy some knowledge of 
numerical modelling. Applicants 
should ано state any field experience 
they may havo 

SALARY $AI5,179 to $A19,940 
per annum. 

Further informatíon, including 
details of application procedure and 

itlons of appointment, is available 
fx the Rogistrar, panoni a 51 
Melbourne, Parkville, Victoris, 
Australia or from the Meist: E 
Commonwealth Universities (A 
36 Gordon Square, London W Di 

OPF. Applications close on March 15, 
1979. 917%А) 


, Prostaglandin metabolum 


THE AUSTRALIAN NATIONAL UNIVERSITY 


THE JOHN CURTIN SCHOOL OF MEDICAL RESEARCH 


RESEARCH FELLOWS 
(Several positions) 


Applications are invited from candidates who hold a PhD degres or 
who hold medical, dental or veterinary qualifications and have had 
some research experience, 


The Departments in the School and their fields of research are. 


PARURE (Head, Profesor F. Gibson, F.A.A,, F.R.S} Bio- 

chemical genetic studies on bacteria! membranes, ive 
osphorylation, active transport, NADH dehydrogenase, 

foxynthesis Kinetic mechanism and 

in aromatic biosynthesis, 


Clinical Science (Acting Hoed, Dr M А Deanborough) Biochemical 
and pharmacol studies on membrane function іп relation to 
at present m on calcium, сусію nucleotide and 
ism, asthma, diseases of muscle, malignant hyper- 
pyrexia, анаи ranction, atherosclerosis, thrombosis and hasmostasis, 
imperfecta, clinical pharmacology and clinical hnmunology 


imental Pathology (Acting Нові, Dr W. J СІ): Research in 

ment, which traditionally combines morphological and bio- 

studies, has been on tovasculor disease, in terms of tbe 
and occlusive lestons, ial permeability € experimental 
arterial grafting; topography. differentiation and regression of vascular 
beds, леоріата, m terms cyclic nucleotide metabolam and levels їп 
body fiu for cancer diagnosis, and the effects of ionizing radiation 
on mammaliam toanes, and degenerative diseases with the search for 
a hormone for fibrous tweue contraction with the induction and treat- 
ment of arthritis and with the sody ог. РОН 1оса and systemio one 
associated with inflammation; the mechanisms of cellular and subcell 
motility, using cinephotomiorographio, fine structural, cytochemical and 
biochemical techniques. 


Haman Biology (Head, Dr R 1. Kirk) Human population genetios; 
disease susceptibility and red cell metabolism and function. 


Immunology (Head, Professor B. Morris, F.A.A.): Genetic bens of 
disease realatanco in economic livestock, physiological studies of е 
Immune nse, transplantation biology, cer pana 4 
tolerance, foetai-maternal interactions, physio ory. of e 
apparatus, immunological studies of cattle 


Medical Chemistry Group (Head, Dr D J. Brown): The Group studies 
the synthesis, perties, ste , and biological activity of 
heterocycles (i hic molecules includ E nitrogen or another foreign 
atom) related to natural pynmdines, pteridines, or purines; the equilibria 
involving metal ions and ocell constituents such as amino acids or 
pue and the Posi proper is of simple molecules Attention 

being given to the therape applreations of such research. 


Microbiology (Heed, Professor G. 1. Ada, FAA.) Reactions of 
antigens with lymphord cells, particularly T oel! recognition of mem- 
brane antigens, structure, &ynthesus and function of viral nucleio асин; 
tissue cultural studies of the growth and genetics of pox, pollo and 
other viruses; immune defence mechanisms viruses, bacteria and 
tumours, mmmuonogenetics, tho antigenic properties and 
epidemiology of ess adaptation of arbo- 
viruses; Iymphocyto юпз and responsos to 
modified antigens, properties and roles of histocompatibility antigens. 


ead, Professor D R. Curtis, F.A.A., F.R.S.): Neuro- 
logy o central synaptic transmission, including that of central 
pain pathways, neurochemistry of central amino acid receptors, 


ре Biochemistry (Head, Professor L. W Nichol), Physical and 
chemical characterisation of biological macromolecules, interacting pro- 
tein systems including studies on subunit assembly, self-associations and 
acceptorligand binding, amino acid sequence of lactoferrin; comparative 
studies of protein denaturation and hydration, phyucal and kinetic 
studies on sulphatases and related enzymes; molecu conformation and 
structure-activity relations of drugs and neurotransmitters, enzyme 
transition state analogues. 


Phystology (Head, Profemor P. О B , F.A.A., E RS. 
neurophysiology especially in relation to n and visual optic 
hmstology and the biophysics to muscular contraction. 


Appomtments normally wil be for two years but in exceptional 
circumataneoa May: far taroa Toa dnd, extended. oot: period 
of five yoars 


It Іа hoped that the successful candidates will be able to take up 
their appointment tn the first half of 1979. 


APPLICANTS SHOULD RAE FOR REPORTS FROM THREE 
ACADEMIC REFEREES TO BE SENT TO THE UNDERSIGNED IN 
SUPPORT OF THEIR APPLICATION. 


CLOSING DATE FEBRUARY 13 1979. 


Commencing salary will be in accordance with qualifications within 
the range $A15,179 to $A19,813 per annum Current exchange rates 
$Ai $8NP $05114. 


A salary loading of up to a P 
applicant hokiing appropriate med 


OTHER CONDITIONS 


Reasonable appointment expenses are paki, Superannuation benefits 
are available for applicants who are eligible to contmbute Assistance 
with housing w provided for an appointee from outside Canberra. 


The Unrversity reserves the right not to make an appointment or to 

make an appointment by invitation at any tims 

Further information may be obtained from the Heads of the respective 
ments, 


PO Box 4, 
Canberra, ACT 2600, 
Australia 


; Sensory 
, neuro- 


annum ay ne pek toen 


ical qualifications. 


G. E. Dicker 
Academic Rogistrar 
9149(A) 
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free university amsterdam 


The Faculty of Medicine has a vacancy for a 


READER ("Lector") in Histology. 


Applicants should have practical teaching experience in at least a part of histology ав 
well as research expenence, preferably in the histofysiology of the immune response 


The Free University was founded in 1880 as a private institution and i8 now a fully state 


subsidized private University 


The preamble to ite charter speaks of the Christian idea of service as the university's 


guiding principle. 


It would be appreciated if candidates would express their attrtude towards this 


pnnciple in their application 


Non-Netherlands applicants are expected to acquire a reasonable command of the 


Dutch language within about two years 


Suggestions concerning qualified candidates for this function should be submitted to 


the chairman of the nomination committee, Prof Dr A H M Lohman, 


(Van der Boechorststraat 7, 1081 BT Amsterdam, te! 020 - 548 27 23), who is also 


willing to give further information 


Applicabons, accompanied by a curriculum vitae, a list of publications and 


three names of persons, acquainted with the applicant's academic and 


professional standards, should be sent within four weeks after appearance of 


Vnje Universitert, De Boelelaan 1105, postbox 7161, 1007 МС Amsterdam, 
А 924A) 


this announcement to Dienst Personeelszaken (Personnel Department) 


quoting reference number 219 - 2628 


Wellcome 


Biochemist/Enzymologist 


Beckenham, Kent 


Wellcome Reagents Ltd —a rapidly growing part of the international, British-owned 
Wellcome Foundation Ltd.—researches, manufactures and markets biological diagnostic 
products for medical and vetennary laboratory use world-wide. : 


We seek a scientist to join а small team working on enzyme-based immunoassay 
systems for the analysis of clinical samples in the Research and Development section 
of Wellcome Reagents Ltd. 


Candidates should have some postgraduate experience including work in the field of 
enzymology (particularly purification and assay) and should be prepared to contribute 
actively to the development of novel diagnostic systems. 


` Salary offered will depend on qualifications and ability but is IIkely to be around £5000 
initially, within the range £3661 to £5522 ог £4997 to £7869. There is considerable scope 
for job development as the organisation continues to grow. The post Is based at The 
Wellcome Research Laboratones, situated in pleasant parkland surroundings, within 

easy reach of Bromley and Beckenham, about 12 miles from Charing Cross. Conditions 
of employment are attractive and include 4 weeks' holiday, company pension fund, 

sick pay scheme, subsidised canteen and assistance with relocation expenses, where 
appropnate. 


Please write, giving details of relevant 

expenence and qualifications, to 

R V Sutton, Personnel Officer, 

The Wellcome Research Laboratories, 

Langley Court, Beckenham, Kent BR3 3BS, 

quoting reference number U.978. 9223(A) 








THE UNIVERSITY ОЈ 
SYDNEY 


LECTURESHIP IN 
BIOCHEMISTRY 


To start as soon as possible I 
will consist of teaching and res 
within the Department An inter 
protein biochemistry would be 
advantage. 

The poation may be filled ‹ 
on s tenured bess or, in the 
tustanco, for ж probationary peri 
threo years with the possibilit 
tenure being during or st 
after that 

Salary range $A15,786 to $A2 


Applications including сигтіс 
vitae, Imt of publications and c 
of three referees by February 5. 
to the R rar, University of Sy 
NSW Australia, from л 
further information available Infc 
Чоп also avadable from Associ 
of Commonwealth Universities (A 
36 Gordon Square, London М 
ОРЕ. 9150 





UNIVERSITY OF MALA 
FACULTY OF SCIENCE 


Applications are invited for 
posta af LECTURER IN 
DEPARTMENT OF GENETIC 
CELLULAR BIOLOGY ln the 
of VIROLOGY/BACTERIOLC 
Candidates should a good 
degree in Microbiology and 
teaching and Macar е experienc 
the required field They should 
possess at kest a Master's degr 
a D in tbe required field. 

Salary Scales ur incl 


dT ag нун £3,602 b 

IS by £168 to £4 
Л 790 to £6,182/R: 
Point £6, FP 336 to £6,799 


commencing 
a PhD dogree shall be £4.10; 
annum 

Further particulars and арр! 
forms are obtainable from the 
clation of Commonwealth Unive: 


Appi), 36 Gordon Square, Lı 
WCIH OPF. 
The closing date for the recel 


applications February 6, 1979 
РР 9152 
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.OIL POLLUTION 


-An international  organumtion ‘in 
the fleki of oil pollution i» secking a 
»erson to be based in their London 
office to assum the exmting technical 
жай in their in-depth ‘studies of oil 
spill incidents, clean-up techniques 
ind effects Applicants should be aged 
25 to 35 and should possess a degree 
or equivalent qualification” in а re- 
evant subject. 
tution or a related field 15 desirable 
but not essential Salary negotiable 
jepending upon experience and quali- 
cations 

Applications, which should Include 
4 curnculum vitae, should be sent by 
cba 12 to: 

The Technical Manager, 

' International Tanker Owners! 

Pollutloh Federation Limited, 

Plantation House, 

31-35 Fenchurch Street, 

London EC3. 9165(A) 





UNIVERSITY OF ABERDEEN 
DEPARTMENT OF ZOOLOGY 


RESEARCH ASSISTANT 


Applications arc invited from 
Araduates in Zoology and those intend- 
ing to graduate in 1979 to work with 
Эт D Е НошіБап on the Develop- 
ment of Insect Flight Muscle Exper- 
ance with electron microscopy would 
бе an advantage 

Appointment will be from Apri 1, 
8979, or as soon thereafter as possible, 


ence iD oil pol- 


ind will be for one усаг Commencing ' 


within, Range IB, £3,384 to 
3,8 per annum, th appropriate 
pacing 
Further nds from. The Sec- 
‘etary, The  Univermty, | Aberdeen 
nth whom applications (two copies) 
.hould be lodgsd by Februmry 9. 1979. 
quoung reference DHI 9164) 





ROYAL POSTGRADUATE 
“MEDICAL SCHOOL 


DRPARTMENT OF 
HISTOPATHOLOGY 


Graduate Neuroeciontiat 
with  experence п morpho 
ncthods, 
obecco alkalokis on’ brain develop- 

nt Some biochemxal experience 

ble The appointment will be 
or one year in the first instance 

Salary up to £4, 595. dependent on 
xperience and qualifications : 

Appheation forma may be obtained 
rom tbe Personnel Oftce, Royal 
'ostgraduate Medical School, 150 Du 
Запе Road, London W12 OHS quoting 
eference number 6 
' 9151(A) 


ured, 





"LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 
(University of London) 
Keppel Street, WCIE 7HT 
DEPARTMENT OF 
MEDICAL PROTOZOOLOGY 
JUNIOR MEDICAL 
LABORATORY 
SCIENTIFIC OFFICERS 


re required to asın їп research 
andidates shouid hold 'O' level passes 


1 English, Maths, Chemrury and 
Miology, but preference will be given 
> those in possession of ʻA’ level 


themutry and Biolog, ‘or ONC in 
llološcal Sciences lary, depending 
о аф есап and qualifications, in the range 
243 015 plus £354 London 
S ought Applications, consuting ot 
all education and career detail and 
aming two referee, should be «ent 
» Secretary (А!) at the School 
9178(A) 


to investigate the effects of. 


Employer 


' balance in man 





ROYAL.FREE HOSPITAL 
SCHOOL OF MEDICINE , 
' (University of London) 
The Academic Department 
of Physiology requires а 
TECHNICIAN 
^ ‚ала а 
JUNIOR TECHNICIAN 


to work in the Clinteal Science Bolid- 
ing at the Royal Free Hospital in 
Ham к G 


DA. 
App available 
from the School Secretary, R F.H.SM, 
8 Hunter Street, London WCIN 1BP. 
or telephone 01-837 5385, ext 10. 
Closing date: ЛУ, 2, AO 





POSTDOCTORAL POSITION 


| immediately 
studies of, the mechanism of 
потопе regulation by antibodies 
Research experience in transplantation 


immunology 1з MEETS eae “Appointment : 


will be for one or two 

Applications with Аав vitae 
and uames of two referees should be 
seat to" 

Dr R A. P. Koene 

University of Nismegen 

Unrvermty Hospital St Radbound 

De ent of Nephrology 
Nijmegen, The Netherlands - 
9239(A) 


АЕ: 





MEDICAL COLLEGE 
OF WISCONSIN 


POSTDOCTORAL POSITION · 


Conformational attributes of proteins 
and synthetic model systems studied by 
kinetic, spectroscopic and other 
methods. Requires und in 
biophymecal chemistry and/or peptide 
‘synthetic chemistry Available m- 
mediately 

Salary $11,000 to $13,000 

Send curriculum vitee and 3 letters 
of recommendation to Dr Henry: E 
Auer, Department of Biochemusiry, 
Medical College of Wisconsin, 
Box 26509, Milwaukee, WI 
USA 

Equal Орроппану/ Алау SSA) 





UNIVERSITY OF MISSISSIPPI | 


MEDICAL CENTER 
POSTDOCTORAL POSITION 


Research on the molecular brology 
of insect development, hormonal con- 
trot of mRNA synthesis and in vitro 
transcription Expemence n nucleic 
acid hybridisations desired 

Send resume and names of three 
references to Dr 5 Sndhara, Depart- 
ment of Blochemistry, Univeruty of 


Mimusippl Medical Center, 2500 
North te Street, Jackson. Ms 
39216 Ў 

The Univeriity of — Mrwiumippi 
Medical Center offers equal oppor- 


tunity in education and employment. 
Male/Female 9237(A) 


MEDICAL RESEARCH 
, COUNCIL 
“DUNN NUTRITION UNIT 


Posidoctoral research worker re- 
quired to undertake studies on епсг у 
Studies will be con- 
ducted їп a new metabolic suite 
incorporating three whole body calor- 
meters at the Unit's Clinical. Nutrition 
Centre, Addenbrooke's Hospital, Cam- 
bridge Experience in human рһуч- 
ology desirable. with or without а 
medical quahfication The appointment 
m for three to five years, with salary 
according to qualifications 

Further details and applications bv 
February 15, 1979, to Dr W P T 
James, Dunn Clinical Nutrition 
Centre, Addenbrooke'« Hospital, 
Tampiniton., Sreet, Cambridge CB2 
1QE. 9186(A) 





gorao 


AUSTRALIA 


Research 
Scientist 
Division of Land Use Research 
Canberra, Act 


CSIRO has в broad charter for research into primary and 
secondary industry areas The Organisation hes approximately 7,000 
employese—2,400 of whom are reeearch and professional sclentiste— 
located Іп Divisions and Sections throughout Australia 

Fleld: Soll Science (Soil Hydro- Geography) 

General: The Division Is engaged in research on land and water 
resources and thelr evaluation for vanous uses. Its current research 
ts concemed, inter. alja, with development of methods of resource 
surveys as well as methods of predicung, from resource data, 

_ biological productivity and water flow and quality. The Division Is 
therefore particularly interested In interpretation of soll data, which 
can be acquired through surveys and associated laboratory atudies 
and presented in form of maps, th terms of hydrological properties 
needed to determine water balance aspects of the hydrological cycle 
and to estimate water availability to plants. 

Duties: The appointee will participate in collaboratrve tesearch 
concemed with resource surveys and use of survey information 
for evaluating land capability for agricultural, pastoral and forestry 
uses and for engineering structures He or she will undertake the 
development of methods of determining, from survey and laboratory 
data, hydrological soil characteristics which will allow better 
quantitative prediction of hydrological cycle parameters, particularty 
through-dreinage, run-off and soil water available to plants 

Quallfications: Ph D or equivalent qualifications together with 
Interest and experience In research on both soil physical and soil 


survey problems 


Salary: Research Scientist or Senlor Research Scientist 
$A14,829 to $421,543 pa Appointment at higher level may be 
considered for surtably qualified candidates ' 

Tenure Indefinite with superannuation. 

Applications IN DUPLICATE, stating full personal and professional 
details, the names and addresses of at least two professional - 
referees, and QUOTING REFERENCE NUMBER 618/463 should 


reach— 


The Personnel Officer, Australian Scientific Liaison Office, 
Canberra House, 10-16 Maltravers Street, London WC2R ЗЕН, by 


16th February 1978 


Applications in Ч 5 А and Canada should be sent to—The 
Counsellor Scientihc, Embassy of Australia, 1601 Massachusetts 


Avenue, М W, Washington, D.C , 20036, U.S A. 





8207(A) 





LA TROBE UNIVERSITY 
Melbourne, Australia 


School of Biological Sciences 
DEPARTMENT OF 
BIOCHEMISTR Y 


LECTURER ' 


Apphcations are invited for this 
post from suitably qualified › bro 
chemists to teach in undergraduate 
courses, and to carry out research іп 
co-operation with exising members 
of staff. Applicants shou have а 
Ph.D In Biochemmt and relevant 
teaching expénence e appointment 
will be for a fied term of up to 
three years. 

SALARY  $A15.786 to $A20,737. 

Further information and application 
forms are available from the Ano- 
cleron of Commonwealth Universities 
(Appa). 36 Gordon Square, London 
WCIH OPF  Applxations - marked 
confidentia] and quoting reference 
number 1$0/14/19 close February 0. 
1979. 9153(À) 


UNIVERSITY OF MIAMI 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL 


RESEARCH ASSOCIATE 

Applications are invited for the 
position of Research Associate in tho 
Department of Blochemutry, Univer- 
nty of Miami School of Medicine 
A biochemist with experience in 
unmunologpcs]  techn)ques and cell 
biology would be preferred Duties 
wil include studies on procedures for 
enryme modification that result in 
Prodocta with increased thera 
usefulness [soe, for example, Trends 
in Biochemical Sciences (197%) 3, 
79—83] 


Salary according to — expenence 
aiy highly motivated individuals need 
y 


ürther information from and 


applications to Dr J. J Marshall, 
Department of Brochemustry 04-9 
Univermty of Miami School o 
Medicine, P.O. Box 016960, Miami 
Florida 33101. 

Applications should include tho 
names of three referees, 9236(AÀ) 
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Royal Botanic Gardens, Kew 


Botanist 


... undertake taxonomic 
researchon palms 


The scientific work of the Royal Botanic Gardens 
is concerned with the classification, growth, 
structure and uses of plants, utilising the col- 
lections of preserved material in the Herbarium 
and Museums, and the unique collection of living 
plants in the gardens. 

The Herbarium, contains about § million 
specimens, and is supplemented by a compre- 
hensive library specializing in taxonomic litera- 
ture. Included in this Herbarium is a rich 
collection of the important, yet often neglected, 
tropical family Palmae. In recent years, the palm 
specimens, including large sheets and carpological 
material, have been re-housed and the botanist 
appointed will curate this specialised collection 
and undertake taxonomic research on the Palmae. 
Candidates, normally aged under 32, should have 
a good honours degree, or equivalent in Botany. 
At least 4 years relevant postgraduate experience 
is essential; experience of palms, particularly if 
gained in the field, is highly desirable. 
Appointment as Senior Scientific Officer (£/5425- 
£7175) with starting salary according to qualifi- 
cations and experience, Promotion prospects. 
Non-contributory pension scheme. Please quote 
ref: SBi 17; AH. 

E For application details please see below. 


Home Office, Birmingham 


Scientists 


...forensic Studies 
of Documents 


Scientists are required in the Document Section 
of the Forensic Science Laboratory, which carries 
out investigations for the Police relating to 
questioned documents and handwriting. 

The successful candidates will be concerned with 
photographing documents by infra-red, ultra- 
violet and luminescence methods and the examin- 
ation of paper, inks, handwriting and typescript 
for evidence. Initially, whilst training, they will 
assist senior colleagues, but will ultimately prepare 
reports and attend court hearings as expert 
witnesses. 

Candidates, normally aged under 27, should have 
a good honours degree or equivalent in a scientific 
subject. Appointment as Scientific Officer (£2840- 
£4410) with starting salary according to quali- 
fications and experience. Promotion prospects. 
Non-contributory pension scheme. Final year 
students will пог be considered. Please quote ref: 
SB/21/LA. 

For further details and an application form (to 
be returned by 9 February 1979) write to Civil 
Service Commission, Alencon Link, Basingstoke, 
Hants, RG2r 1]В, or telephone Basingstoke 
(0256) 68551 (answering service operates outside 
office hours). Please quote appropriate ref. 


ALL THESE POSTS 
ARE OPEN TOMEN AND WOMEN. 
Science | 
Group | 


CIVIL 





9204(A) 


SERVICE 


Nature Vol. 277 


RESEARCH ASSISTANT 


A graduate chemist or biochemist 
with an interest in biochemical engin- 
eering is required for a pilot study of 
animal feed protein production from 
activated sludge. The appointment will 
be for one year, and the person 
appointed will be responsible for run- 
ning the pilot plant and carrying out 
various analytical procedures. 

The salary will he in the range of 
£2,800 to £3,400 depending on aualí- 
fications and experience. 

Applications, including the name 
and address of one referee, should be 
sent to Dr R. A. Grant, 41A Spring- 
field Road, Parkstone, Poole, Dorset 

9188(A) 





MEDICAL RESEARCH 
COUNCIL 
CELL BIOPHYSICS UNIT 
There is likely to be, in the im- 
mediate future, a vacancy for a post- 
graduate research student to undertake 
work in one of the Unit's areas of 
activity (especially neurofilaments, 
muscle and membrane biochemistry, 
muscle structure and function). Re- 
muneration and conditions as for 
normal Research Council studentships. 
Apply in writing, together with the 
names and addresses of two referees. 
as soon as possible to: Professor M. 
H. F. Wilkins, CBE, FRS, Cell Bio- 
physics Unit, 26-29 Drury Lane, 
London WC2B SRL. 9187(CA) 








THE UNIVERSITY OF THE 
WEST INDIES—JAMAICA 


Applications are invited for the 
following posts: 


RESEARCH FELLOW 
(Physics) 
Science Education Centre 


Applicants should at least hold a 
first degree in Physics and have pro- 


fessional training for teaching. Pre- 
ference will be given to those with 
experience of teaching in the West 


Indies. In addition it will be an 
advantage to have experience in test- 
ing, evaluation and assessment. 


LECTURER/ 
ASSISTANT LECTURER 
in Inorganic Chemistry 
The appointee will be expected to 
play a major role in the teaching and 
organisation of the Chemistry courses 
and to contribute to the research pro- 
gramme of the Department. 


LECTURER IN ZOOLOGY 

(Marine/Fisheries Biology) 

The appointee will be expected to 
assist in the development 
grammes of research and teaching in 
marine biology and fisheriés biology. 
The appointee must be able to take up 
the post not later than September 1, 
1979, Candidates who responded to an 
earlier advertisement (March/April 
1978) need not re-apply. 


LECTURER/ 
ASSISTANT LECTURER 
in Botany 
Preference wil be given to applicants 
who possess a first degree with majors 
in Botany and hold postgraduate quali- 
fications in Plant Pathology, The 


appointee will be required to take up 
duties as soon as possible. 


Salary scales: Research — Fellow/ 
Lecturer J$8,913 (о  J$13,917 p.a; 
Assistant Lecturer J$7,236 to J$7.926 
pa. (£l sterling=J$3.46). F.S.S.U.: 


Study and Travel Grant. Unfurn shed 
accommodation will be let by the 
University at a rental of 10% of salary 
or a housing allowance of 20% of 
salary will be paid. Family passages. 

Detailed applications (2 copies) with 





curriculum vitae and naming three 
referees should be sent às soon as 
nossible direct to the Registrar, Uni- 
versity of the West Indies, Mona, 
Kingston 7, Jamaica. : 
Applicants resident in the U.K. 
should also send one copy to 90-91 


Tottenham. Court. Road, London WIP 
ODT. Further details may be obtained 
from either address. 9233X(AY 


of pro- | 
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JAMES COOK UNIVERSIT 
OF NORTH QUEENSLANE 
CHAIR IN GEOLOGY 
The Chair in Geology will 
vacant on August 1, 1979, 
retirement of the foundation 
Department, Professor W. C. Lacy. 
The appointee will be Head of t 
Department of Geology which is acti 
in teaching and research in aspects 
Applied Geology 'Hard-Rock' Geolog 


becot 
on t 
head 


Palaeontology and Sedimentolog 
Structural Geology, Marine бе 
mentology and Geochemistry. Appl 





tions are invited from persons with 
interest in any of these fields. 

addition to the usual undergradu: 
and postgraduate activities, the Depa 
ment, under Professor Lacy, t 
developed a special master program 
Exploration and Mining Geology whi 
involves considerable interaction wi 
the Mining Industry. The Univers 
would wish to see this activity ma: 
tained and developed. 

Salary for Professor is curren 
$A33,061 per annum. Conditions 
appointment — include JU. ty 
superannuation, invali pensi 
scheme, housing assistance and allo 
ance for travelling and remo 
expenses on appointment. 

Additional information and applic 
tion forms may be obtained from t 











Registrar, Post Office, James Co 
University, Qld 4811, Australia, 
from the Association of Comme 


wealth Universities (Appts), 36 Gord 

Square, London WCIH OPF. 
Applications close on February 1 

1979, 9232(A) 





UNIVERSITY OF EXETEF 
DEPARTMENT OF CHEMISTR' 
POSTDOCTORAL 
RESEARCH FELLOW 
Applications are invited for a Po 
docioral Research Fellow to work w 
Dr P. M. Hardy ou the synthesis 
analogues of the decapeptide foe 
adipokinetic hormone as part of 


investigation into iis structure/activ 
relationships. Applicants for i 
Science Research Council sponsor 






post shouid ve experience in st 
thetic organic chemistry. The appoi 
ment wil! be for one vear commenci 
as soon as possible after March 
1979, 

Salary £1,883 or £4,133 per annt 
depending on age and qualificatio 

Applications, with a curr 
vitae and the names and addre 
two referees, should be forwarded 
soon as possible to Dr P. M. 
Department of Chemistry, 
of Exeter, Stocker Road, Ey 
4QD from whom farther informati 
may be obta i. 9173CA^ 
















ANALYST TECHNICIAN (Grade 
required for Department of Geolo. 
University of Reading, —Preferer 
given to applicants experienced in v 
chemical methods for sil € analy: 
but those with substantial experiet 
in general inorganic analysis by ator 
absorption and  Auto-Analyser (© 
niques also considered. Salary acco 
ing to qualifications and experience 





range £3,654 to £4,365 p.a. (unc 
review). Further details under R 


(T. 79A from Assistant Bursar (Pers 
nel), University of Reading, Whi 
knights, Reading RG6 2AH, to wh 
applications should be sent to arr 
not later than January 26, 1979, 

9244(A 





ANALYST TECHNICIAN (Grade 
for Department of Geology. Wh 
knights. Preference given to applica 
experienced in wet chemical meth 
for silicate analysis, but those w 
substantial experience in gent 
inorganic analysis by atomic absc 
tion and — Auto-Analyser techniq 
also considered. Salary according 
qualifications and experience in rà 
£3,654 to £4,365 р.а. (under теуіє 
Further details available, quoting F 
T.N. 79, Applications nonii be s 
to arrive not later than January 
1979. 9245(A 
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DIRECTOR OF DEVELOPMENT 
U.S.A. 


Important European pharmaceutical 

Company is looking for a Director of 

Preclinical and clinical R & D for its 

new American operation. 

Should be Ph. D. or equivalent, expe- 
rienced with regulatory affairs and 

phases I, II and III trials. 

‘Unique opportunity for creating new 

team of clinical R & D throughout the 


U.S.A. 


Please apply in confidence in your own 
handwriting and send your CV with 
identity photo to SNPM - 100 avenue 
Charles De Gaulle - 92522 Neuilly 


Cédex (France), 
number 1528. 


under reference 


9241(A) 








ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
XPTIDE SECTION (DEPARTMENT 
OF CHEMICAL PATHOLOGY) 
TECHNICIAN/SCIENTIFIC 


OFFICER 


quired in ibe Peptide Laboratory to 
Kc part in tho synthems of peptide 
mone analogues Applicants should 
«c H.N.C. or a in Chem- 
iry and have some expenence in 
genx synthons The post is tonable 
г 18 months with a poesbilty of 
rther cxiension. 
Salary within the range £3,646 to 
+199 placing dependent on qualifica- 
ms and oxperience. 
Applicaton forms and further per- 
may be obtained from tho 
T*onnel , Royal Postgraduate 
*dical School, 150 Du Cane Road, 
don W12 ónus quoting reforence 
amber 4/203/N 9202(A) 





4OMEDICAL ELECTRONICS 
TECHNICIAN 


A TECHNICIAN (male/female) з 
quired as part of а research team at 
в Heanng and Balance Unit Re 
onsibilitics will include design and 
-struction of olectncal equipment 
spenence with sound reproduction/ 
ntu computation/servocontrol яуз- 
ns — an advantage The Unit 
actions as a research and 
Partment as pert of the hospital and 
3 pomtion will involve frequent con- 
tt with patients 

R wed qualifications will be 


ul for extablishment 
Bay according to age and 
perience 


Applicants should provide a written 
frkulum vitao and the names and 
dresses of three refercos to: The 
‘tector, Medical Research Council, 
"ring and Balance Unit, National 
"pltal, Quoen Square, London 
CIN 3BG. 9198(A) 








GUY'S HOSPITAL 


MEDICAL SCHOOL 
(University of London) 


pon 

growth regulation and cell differen- 

taton Position available to 

December 1979 with the possibility 
of further renewal of grant. 

Salary in range £3,910 to £5,506 

plus £450 London Allowance and 


superannuation. 
or further details telephone 





UNIVERSITY COLLEGE 
OF NORTH WALES 
BIOCHEMISTRY 
Applications are invited for the 
post of 


PROFESSOR 
of Biochemistry and 
Head of Department 
The appointment wil] be from 
OCTOBER 1, 1979 (or a date to 
be arranged) and the salary will be 
in the professorial range 
Further particulars can be 
obtalned from the Secretary and 
Registrar, University College of 
North Wales, Bangor, Gwynedd 
1157 2DG 
Ten copies of the application 
(one from overseas candidates) 
t her with the name of three 
erees should be sent to reach 
the Secretary and Regutrar by 
Friday. February 16, 1979 
9048 A) 








Grade 4 Technician required to 
ami in research and teaching act 
vities within the Brophysics section. of 


London SW7 3AL (01-589 4438) 
92 


QguiOo AUSTRALIA 


Postdoctoral 
Research Fellows 


Division of Land Resources Management 
Alice Springs, NT and Deniliquin, NSW 


CSIRO has а broad charter for research Into primary and 
secondary Industry areas. The Organization has approximately 7,000 
employ8es—2,400 of whom are research and professional sclontusts— 
located in Divisions and Sections throughout Australia. 


Fleld: SOCIAL SCIENCE 


General: The Division has problem oriented research programs 
concemed with the environmental, societal, economic and 
technological implications of land use in range, agncultural, 
forested and near urban areas, and with the development of methods 
for processing end communicating data to assist land use decision 
making. 

Аз a further expansion of our actrvttes in these areas, we wish to 
appoint social scientists to join multi-disciplinary, but predominantly 
biological, research teams at Alice Springs and Deniliquin. These 
teams are concerned with research into the management of and and 
semi-arid rangelands of Australia 

We are seeking two quantitative sclentists with research 
experience (Ph.D or equivalent) in at least one of the following 
flelds: 

Ѕосіві Psychology 

Environmental Economics 

Quantitative Sociology 

Human Geogrephy * 
who will Interact with research In progress at Deniliquin and Alice 
Spnngs The appointees will also interact with other socia! scientists 
located at Divisional headquarters in Perth, W.A. 


Duties 

Alice Springe—Ref No. 284/86 

In association with technological scientists, the appointes will 
reesarch social, economic and land tenure problems associated 
with the management of and lands 


Denliiquin—Ref. No. 284/88 

The appointee will research the way in which the pastoralists’ 
perceptions of the land resources they manage is Influenced by 
biological, economic, political and social vanables. This research 
will relate to existing socio-economic research which is identifying 
the effect of land tenure and administration on pastoral management 
and will assist in developing processes which will improve and land 
management. 


Salary: Research Scientist or Senior Research Scientist 
$A14,829 to $421,643 pa An outstanding applicant may be offered 
appointment at a higher level 


Tenure: A fixed term of two to frve years (negotiable) 


Applications IN DUPLICATE, stating FULL personal and 
professional! details, the names and addresses of at least two 
professional referees, and QUOTING THE APPROPRIATE 
REFERENCE NUMBER(S) should reach. The Personnel Officer, 
Australian Scientific Liaison Office, Canberra House, Maltravers 
Street, London WC2R 3EH by 18th February 1979. 

Applications in U S A. and Canada should be sent to: The 
Counsellor (Scientific) Embassy of Australia, 1801 Massachusetts 
Avenue N W , Weshington, D C 20036 9211(A) 





UNIVERSITY OF 
QUEENSLAND 
Australia 


CHELSEA COLLEGE 
University of London 
BIOPHYSICS 


and removal expenses. 





London 1H ОРЕ. 918X(A. 


LECTURER IN PHYSIOLOGY 


Preference will be given to apph- 
сан with research intereste in Se 
crinology. reproductive physiology, 
Banc Medical Scrences Group tal 1 
Expenence ої Biophysical and/or fetal or, developmental: piytiolosy 


Biochemical techniques would be an Salary CHEN to $A19,940 por 
advantage Salary scale (under review) | annum Other Benefits Superannu- 
£3,420 to £3,867 per annum inclusive. | ation, housing sesistance, travelling 

Engures and application forms from 
the Secretary, Biophyncs Laboratory, 
Chelsea College, 17A Onslow Gardens, Чоп forms аго available from 
Association of Commonwealth Univer- 
46(A) stiks (Appi, 36 Gordon Square. 


Additional information and applica- 


xxx Nature Vol. 277 18 January 


Director 


Brain Metabolism Unit 
The Council invites applications for the post of fulltime Director at the MRC Brain 
Metabolism Unit in Edinburgh The successful applicant will be a.person of high 
scientific standing (with or without a medical qualification), with an established 
reputation as an onginal scientific investigator The Unit is at present engaged in 
basic neurobiological, and clinical research relevant to psychiatry and neurology 
The Council wishes the psychiatric interests of the Unit to be maintained The ttle 
and programme of the Unit wil be decided by the Council in the light of the research 
interests of the new Director 


The Unit is mainly housed in research accommodation of approximatety 4,000 sq ft 
(nett) in the Department of Pharmacology of Edinburgh University and within the 
Royal Edinburgh Hospital An active research team is already in post: the size of 
the Unit wil be a matter for discussion between the Director and the Council The 
Director will be responsible for maintaining the strong links already existing with the 


University of Edinburgh 









UNIVERSITY OF 


“STRATHCLYDE 
Applications are invited 
for the post of 
LECTURER 
in the 


DEPARTMENT OF 
PHARMACEUTICAL 
CHEMISTRY 













to teach Physical and b 

aspects of subject to 

and postgraduate students 
pharmaceutical science Appli 
should have experienco of roe 
in the applicanon of ph: 
chemistry to the study of 


Salary scale £3,883 to £ 
with placing according to qual 
Dons and 





WYE COLLEGE 


The salary for a medically qualified Director, for whom an honorary clinical contract 


at consultant level will be sought, will be on the MRC clinical scale, equivalent to. - 


NHS consultant grade; if an honorary contract is not appropnate, the salary will be 
within the range for the Council's Special Appointments Grade, whichis equivalent 
to the University professonal range 


Further information may be obtained from 
| Miss R Withnall, 20 Park Crescent, London 
WIN 4AL Applications should be submitted 
to the Secretary of the Council at the saine 
address, not later than 19 February, 1979 


9146А) 


(University of Londor 
LECTURER IN LIPI 
BIOCHEMISTRY 


Applications are invited for tl 
of urer in Lipid Boche 
The post i a permanent one an 
expected that the successful са 
would have considerable exper 
research and teaching In ths fi 
ts hoped that the urer з 
able to take up the post on A 
1979 or as soon as possible tha 

Applications to be forwarded 
Secretary, Wye College, mE ES 
Kent TN25 SAH (from w : 
particulars of the post may | 
tained) by March 1, aL ШЕ 








Agrochemical 


Field Evaluation 


We are looking for a graduate with a good honours 
degree in Agnculture or related subjects to Join a 
young and enthusiastic team conducting early 
stage field evaluation trials with new 
agrochemicals. Applicants should have post 
graduate experlence in field experiments together 
with practical experience In arable husbandry. 
The person appointed will be based at Jealotts 
Hlil Research Station, Bracknell, Berkshire but 
should be willing to travel extensively planning 
and organising the work of field teams based In 
the main arees of the U.K. 
We offer good salanes and fnnge benefits 
including membership of the ICI Pension Fund 
and Profit Sharing Schemes. A Staff Restaurant 
and Recreation Club are on site. 
If you are Interested in this vacancy please write 
for an application form to: Mr S R Stephenson, 
IC! Plant Protection Division, Jealott's Hill 
Research Station, Bracknell, Berks. 

Ref No 79/FE 9213(A) 


Plant Protection 
Division 





EALING, HAMMERSMITH AND 
HOUNSLOW 
AREA HEALTH AUTHORITY (T) 


CHARING CROSS HOSPITAL (FULHAN 
MEDICAL PHYSICS DEPARTMENT 


BASIC GRADE 
PHYSICIST 


lications are invited for the above vacancy in this 
tea g hospital. Applicants should have a first or second 
class Honours degree in Physics, The duties will be mainly 
concerned with the measurement and application of radiation: 
in the medical field. Applicants should have a basic. 
knowledge of physics, outside the field of ionising radiations. 
Experience in the use of computers would be an advantage. 


Previous experience in hospital physics is essential. 


Salary in accordance with Whitley Council lations, 
within the range £4,152 to £5,253 including London Weightin: 


Application forms and diy information ad from 
District Personnel Department, Charing Cross 
Fulham Palace Road, London W6 НН, Tel: 0148 2040, 
Ext. 2997. 
Closing date for recetpt of applications February 8, 1979. 
9247(A 
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PLANT MOLECULAR 
BIOLOGIST 


BROOKHAVEN NATIONAL 
LABORATORY 


Poston now available for plant 
scientist to conduct research in mole- 
cular biology Candidates must have 
а beckground in the plant scences 
and demonstrated expenenoe in the 
area of molecular genetica. Reesarch 
initiated by the invesngeator may be at 
& fundamental level but must be 
directed toward the U S. Department 
of Energy'a long range goals of in- 
creasing biomase productivity. This 
would include basio research on cal- 
Aular or genetic mechanisms that con- 
чой plant growth, productivity, and 
response to the environment 


Applicants should submit a curriculum 
млге (including Imt of pobíicstions), 
brief research proposal, and the names 
of three references to: 
H.Z Kondratuk 
Blology Department 
Brookhaven National Laboratory 
Assoolated Universities, Ino. 
Upton, LL, М.Ү. 11973 


An Equal Opportunity Employer M/F 
9188(A) 





British Museum Research 
Laboratory, London 


GEOLOGIST 


The British Museum compress the national collections of 
Antquttes and Ethnography and of Pnnts and Drawings Its 
purpose is to advance learning by the provision of matenals 
and facilrties for research, and by encouraging the study of 
history, archaeology and art The Research Laboratory 

* provides services and advice to other Departments of the 
Bntish Museum in connection with the scientific examina- 
tion and dating of objects in the departmental collections 
The Laboratory із equipped with excellent research facilities 


The geologist appointed will undertake petrological examina- 
tions of ceramics and stone artefacts with a view to estab- 
lishing the ongin of the raw materials used, and the methods 
of ceramic manufecture This will involve participanon in 
research projects using petrological examination, neutron 
activation analysis and scanning electron microscopy. 


Candidates, normally aged under 30, should have a good 
honours degree 'or equivalent in geology and at least 2 
years’ relevant postgraduate experience which must include 
& significant element of petrology 


Appointment as Higher Scientific. Officer (£4,660 to 
£6,910) with starting salary according to qualifications and 
expenence Promotion prospects. Non-contnbutory pension 
scheme. 


For further details and an application form (to be retumed 
by Sth February, 1979) write to Cm Service Commission, 
Alencon Link, Basingstoke, Hants, RG21 1JB or telephone 
Basingstoke (0266) 68551 (answenng service operates 
outside office hours) Plesss quote ref.: SB/7/DJA. 

9147(A) 


Experimental Officer 


Biochemistry Department 


A Biochemist is required to work within routes Conditions of service, salary and 
the Natural Products Section of our 
Biochemistry Department The job will 


assistance to married staff in moving 
house are designed to attract and retain 


involve the development of biochemical staff of high calibre 
screens to evaluate potential ant- 
inflammatory agents from natural sources i 

and the subsequent follow up of active AUS iTe TU nS aH репе, 
leads. The successful candidate will be 
expected to have a degree or H.N C. in 
biochemistry and experience of the 
pharmaceutical industry would be an 
advantage but not essential. 

Our modern research laboratories are 
srtuated in pleasant surroundings, but 
within easy reach of main road and rail Cheshire. 921&(A) 


Please write giving details of 


Mrs D Bass, 

Assistant Personnel Officer, 
Imperial Chemical Industries 
Limited, Pharmaceuticals 
Division, Mereside 
Research Laboratones, 
Alderley Park, 
Nr Macclesfield, 





@GSIRO AUSTRALIA 


Postdoctoral 
Research Fellow 


Division of Land 
Resources Management 
Alice Springs, NT 


CSIRO has a broad cherter for research into pnmary and 
secondary industry areas The Organration has approximately 
7,000 employses—2,400 of whom are research and professional 
scientists—ocated in Divisions and Sections throughout Australia. 


Field: RANGELAND ECOLOGY 


General: The Division with headquarters in Perth, WA, is 
involved in research on the broad aspects of management of range, 
agncultural and forested lands in Australia. The Rangelands Research 
Program ts based at Alice Springs, NT and Deniliquin, NSW and is 
responsible for research on the and and semi-and lands used for 
grazing, national parka, mining, and by Abongines 

Duties: The appointee will work In a multi-disciplinary team with 
five other profesalona! scientists and will be expected to develop 
a research program on the ecology of key rangeland plant species. 

Qualifications: A Ph.D or equivalent research expenence In any 
field of quantrtatrve plant ecology. 

Salary: Research Scientist or Senior Research Scientist: 
$A14,829 to $A21,643 pa. An outstanding applicant may be 
offered appointment at & higher level. 

Tenure: A fixed term of two to frve years (negotiable) 

Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of st least two 
professional referees, and QUOTING REFERENCE NUMBER 284/87 
should reach: 

The Personnel Officer, Australlan Scientific Lialson Office, 

Canberra House, 10-16 Maltravers Strest, London WC2R 3EH, 

by 16th FEBRUARY 1979 

Applications In U S.A. and Canada should be sent to: 

The Counsellor Sclentrfic, Embassy of Australia, 

1601 Massachusetts Avenue, N.W , Washington, DC, 

20038, U.S.A 9208(A) 





Virologist and 
Research Officer. 


NIBSC is a multdisciplinary Institute responsible for 
the testing and control of biological substances used In 
medicine and ts also a WHO International laboratory for 
biologica! standards The work of the Instrtute Is well 
supported by research. 

We wish to appoint a Virologist (scientist) and a Ra- 
search. Officer to Join the Instrtute’s Division of Viral 
Products. 


Virologist 
(Ref 0198) | 


The Scientist appointed will work in the held 'of hepatitis 
and/or rabies. The successful candidste will have at least 
3 years’ postdoctora| experience In virology or a closely 
related Мекі Preference will be given to those with 
"research experience іп ether the Immunochemistry of 
viruses or viral biochemistry. 

Salary will be on grades analogous to those for university 
lecturers and the tenure of the appointment will depend 
on the experience and qualrhicanóns of the successful 
candidate. 


Research Officer 
(Ref 0180) 


The Research: Officer will work in the field of the 
standardisaton and contro! of rabies vaccines In close 
aseociston with a scientist. He or she should have had at 
least two years’ relevant postgraduate experience In 
virology. Preference will be given to candidates who 
have previous experience of work with rables or other 
highly pathogenic viruses Candidates should possses a 
degree or equivalent In the biological sciences 

Salary, depending on age and experience, on the scale 
£3,616 to £6,256, including London Weighting. 

Both posts are superennuable. 

Write or telephone for an appiloetion form and 
further detalis, quoting the post reference 
number to the Personnel Officer, National 


Institutes for Biologioai 


Standard and Controi, Holly 
HIN, Hampstead, London 
National Institute for Biological Standards and Control 


NW3 6RB. Telephone 01- 
435 2232, Ext. 211. 





8214(A) 





. UNIVERSITY OF EXETER 
CHAIR.OF PSYCHOLOGY 


" Applications. are invited for a newly established Chair 
in the Department of Psychology from candidates 
with special interest in Developmental/Social Psy- 
chology. The post is tenable from October 1, 1979, or 
earlier. Salary will be within the agreed professorial 


range, currently £9,443 minimum, £11,055 average 
per annum (under review). 


Further particulars should be obtained from the 
Academic Registrar and Secretary, University of 
Exeter, Northcote House, the Queen’s Drive, Exeter 
EX4 4QJ. Closing date for receipt of application 
February 12, 1979. 9144(А) 
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UNIVERSITY OF LONDON 
British Postgraduate Medical Federation 


CARDIOTHORACIC INSTITUTE (Associated 
with the National Heart & Chest Hospitals) 


CARDIAC METABOLISM RESEARCH 
LABORATORIES 50 Wimpole St., London W1 


The Unit compnses a multi-disciplinary team of research worker 
and 18 dedicated to the study of the physiology, biochemistry, uitra- 
structure and pharmacology of the myocardium. The following 
positions аге now vacant: 


Non Medical Lecturer 


with experience in the, Йе of membrane structure and function. 
Applicants should have a Ph.D. degree or equivalent and will be 
required to Initiate research and co-ordinate wrth other sections of the 
team Previous experience In the myocardium is not essential 


Salary оп an appropriate point of the Unrversity of London scale foi 
non-medical Lecturers, currently £3,883-—£7,754 + ‘£450 London 
Weighting. Further details available from Professor Peter Harri 
(telephone 01-486 3043) 


Applications, including а curriculum vitae, list of publications anc 
names and sddreeses of three referees, should be sent In duplitate tc 
the Secretary, Cardiothoracic Institute, Fulham Road, London S.W.3 
to amve no later than 16th February, 1979 


and 
2 Research Assistants 
One to undertake a project concerned wrth ischaemic changes in the 
myocardium and the other to’ undertake a project concemed with the 
identification of beta-recaptors In myocerdia!l tissue. Both projects 
will be surtable for a Ph D. thesis and registration for this higher degree 
will be encouraged Esch post is offered for a maximum of three year 
initially Starting salary £3,616 p.a. + £364 London Weighting 
Application forms available on request from the House Secretary 
Cardiothoracic Instituts, 2 Beaumont Street, London W.1 (telephone 
01-486 3043). Closing date 23rd February, 1979. 

9185(А) 
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ae aI 
SCIENCE MUSEUM 


DEPARTMENT 
OF PHYSICS 


Assistant Keeper 


To organise work on a new gallery devoted to Atomic Physics 
and Nuclear Power, which will involve the challenge of presenting 
and interpreting these subjects to the general public. Other work 
includes responsibility for one or more of the Departmental collec- 
tions including Heat, Electricity and Magnetism, Mechanics and 
Optics. Additional work entails production of scholarly catalogues, 
augmenting the collections by suitable acquisitions, preserving and 
conserving the objects. 








PEPTIDE RESEARCH 


DELALANDE is an international pharmaceutical company 
actively engaged in research, 
DELALANDE RESEARCH CENTRE has decided to create a 
department specialising in peptide research and is looking 
for a senior scientist to direct the research in this field. 
| Applicants should have considerable experience which mav 
have been acquired in either industry or university and should 












be able to set a multidisciplinary group in peptide research. 

Knowledge of French is not essential. 

DELALANDE RESEARCH CENTRE is situated in attractive 

surroundings close to Paris ans is within easy reach ot main 

roads and rail routes. | 

Applications consisting of a curriculum vitae and a list of 

publications should be sent in complete confidence. to: 
Dr. P. DOSTERT Research Director 

| Centre de Recherche DELALANDE 

10, rue des Carrières 

92500 RUEIL-MALNLAISON 

FRANCE 


DELALANDE 922404) 


HAVAS CONTACT 







Candidates should normally have a degree with ist or Znd class 
honours in Science or the History of Science or equivalent qualifica- 
tion. A broad interest in Physics or the History of Physics essential. 
Reading knowledge of French or German advantageous. 


SALARY: as AK | £5,855 to £8,820 or AK И £3,575 to £5,305. 
Starting salary and level of appointment according to age, qualifica- 
tions and experience. Non-contributory pension scheme. 








For further details and an application form (to be returned by 


AVON AREA HEALTH ST GEORGE'S HOSPITAL Sth February, 1979) write to Civil Service Commission, Alencon 
AUTHORITY (TEACHING) MEDICAL SCHOOL Link, Basingstoke, Hants, RG21 1JB, or telephone Basingstoke 
Bristol & Weston Health (University of London) (0256) 68551 (answering service operates outside office hours). 
District (Teaching) GRADUATE RESEARCH Please quote ref.: G(2) 382. 
Applicants are invited for a ASSISTANT 9143(A) 


RESEARCH ASSISTANT required for a three-year Wellcome 


POST Trust project in the Department of | 
i suitable : Physiology to assist with laboratory | 
he ost will be suitable for a ks y 1 y 
mon or laboratory scientific ofti- тые reproductive neuro- 
$ fi EA late experience endocrin 2 
HM АРЫНА er Tunde Salary scale £3,384 : £3,720 : £3,975 


nd qualifications. The project, funded ci 
эг тес vets only by the South (under review) plus £450 per annum 


ity London allowance. 
/estern. Regional Health Authority, Жы Р А 
ill investigate Endorphin levels in Application forms available from UI MR ELE En e D 


f пее he Establishment О сег, St. George's 
regnancy and will be carried out t ы E Я 
Е by the Department of Anaes- Hospital Medical School, Cranmer 











ка, Bristol Maternity Hospital, Terrace, London, SWI7 ORE 

ad the University Department of 9200(A) 

harmacology. ў 

Starting salary will be оп the Whit- 

y Council scale for Medical Lab- | 

ratory Scientific Officers or Graduate NEWCASTLE AREA HEALTH AUTHORITY 
sientific Officers and will be in the 

Шоп of £2,991 to £3261 according (TEACHING) 

+ the candidates qualifications and 

xperience, ee "€ 

For further information please con- Е ROYAL VICTORIA INFIRMARY 

it Dr Trevor Thomas, Consultant UNIVERSITY OF Р : 

anaesthetist, Department of Anaes- WESTERN AUSTRALIA CY TOGENETICIST 

wesia, Bristol — Maternity Hospital, x Perth 

elephone 22041, extension S775. Р : 

Application forms are available Applications are invited for SCIENTIFIC OFFICER, BASIC GRADE 

om Miss M. Woodsford, District appointment to the 

eronat a Depan me BEL HN Ie CHAIR IN PHYSICS Graduate required immediately for work in active cyto- 
hom completed applications should This is one of two established Chairs genetics service laboratory involved in all aspects of diagnostic 
z returned by February 1, 1979. in the Department of Physics, the cytogenetics including leukocyte culture, amniotic fluid cell 


9174(А) other being in Theoretical Physics culture, fetal cultures, and bone marrow analysis. Previous 


yap & тесно ы Pee emu ed experience preferable but not essential. 


INIVERSITY OF WARWICK research interests in Experimental . 5 m 
RESEARCH TECHNICIANS oe ins present D that For further information please contact Professor D. F. 
ae d the appointee wi e Head o 

The Department of Biological | Department for an initial period of 





Roberts, Telephone 0632 : 25131, extension 658. 





ciences has vacancies in the D three years. The current salary for 

ast and Developmental iology | а Professor is $A33,061 per annum. ; "еу T ^ ae 

esearch Groups. The work involves Benefits include superannuation Salary on Whitley Council P.T.A. Scales: 

T M de el | similar to F.S.S.U., fares to Perth for Probationary Ist or 2nd Class Honours degrees: 
roteins and nucleic acds, using | anpoiniee and dependent family, re- | Г a ; à CA Y Р 

andard biochemical techniques. The mcoaicallowance. study leave and lone: | £3,486 by 5 increments to £4,275 per annum. 

osts are for кее periods of ited service leave and housing loan scheme. Other degrees: 

' three years, Applications are invite Further information including con- E, гуз Р ve ч 

om graduates and — others with ditions of appointment may be ob- £2,991 by 9 increments to £4,275 per annum, 
»propriate qualifications іп io- | tained from the Stafing Officer in the T AI des IM. 

vemistry and/or microbiology. —— University. or from the Association | Post on Scale: to £4,899 per z 

Salary either on the Technician | of Commonwealth Universities | £3,798 by 9 increments to y per annum. 
табе 2B scale: £2,529 to £2.880 p.a.. | (Appts), 36 Gordon Square. London . 

t Grade намое CWCI OREL i TE Applications giving full personal details, together with the 
à, (both under review). Н Applications in duplicate stating full | dresses cot j eferees. should be sent to the 
Application should be made by | personal particulars, qualifications. names and adc resses o two referees, «по Ser l y 
"ter quoting Ref: 24/D/79, giving | experience and une names and nie Senior Administrative Assistant (Personnel), Royal von 
АП details of age. qualifications, dresses of three referees should reac Avv › pu Tyn NE! 4LP. Closing ate 
perience, ete., and addressed to the the Staffing Officer, University of Infirmary, Newcastle | ви M e у, 9159(A) 
ersonnel Office, University of | Western Australia, Nedlands, Western January 29, 1979. Quote Ref. No. 79/5. 913 ) 





farwick, Coventry СУФ 7AL, by Australia, 6009, by March 17, 1979. 
inuary 25, 1979. 9231(A) 9181(A) 
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Microbiologist £2,839- £6,898 


Applications are invited for a pensionable post in the Department of 
Agriculture's Agricultural and Food Bacteriology Division, Newforge 
Lane, Belfast. 
The successful candidate will be expected to undertake research and 
investigational work connected with the microbiology of foods and 
may also be required to undertake lecturing duties in the Faculty of 
Agriculture and Food Science, Queen's University, Belfast. 
Appointment may be at Senior Scientific Officer, Higher Scientific 
Officer, Scientific Officer level. 
SENIOR SCIENTIFIC OFFICER 
Over 25 and under 32 years of age on 31st December, 1979 with a 
1st or 2nd class Honours Degree in an appropriate Science subject, 
Agricultural Science, Food Science or Agriculture, and at least 4 years 
appropriate postgraduate experience. 
HIGHER SCIENTIFIC OFFICER 
Under 30 years of age on 31st December, 1979 with an Honours 
Degree as above and at least 2 years appropriate postgraduate 
experience in Microbiology. 
SCIENTIFIC OFFICER 
Under 27 years of age on 31st December, 1979 with an Honours 
Degree as above. Where the applicant has no relevant postgraduate 
experience in Microbiology, preference may be given to those whose 
degrees have Microbiology as the main subject 
Exceptionally applications may be considered from candidates over 
the age limits who have specialised experience. 
The Civil Service Commissioners may decide to interview only those 
applicants who appear from the information available (including level 
of academic attainment and relevant experience) to be best qualified. 
SALARY SCALES 

Senior Scientific Officer — £5,154-£6,898 

Higher Scientific Officer — £4,101-£5,448 

Scientific Officer — £2,839-£4415 
Grading and starting salary will be related to qualifications and 
experience. 
Please write or telephone for an application form quoting job reference 
SB 34/79/N to the Civil Service Commission, Rosepark House, Upper 
Newtownards Road, Belfast BT4 3NR (telephone Dundonald 4585 
Ext 257). Completed forms must be returned to arrive not later than 
1st February, 1979. 9157(А) 





CIVIL SERVICE 





THE UNIVERSITY OF MANITOBA 


invites applications and nominations for the 
position of 


DEAN OF THE FACULTY OF SCIENCE 


The Faculty of Science at The University of Manitoba has a 
complement of 180 faculty and 90 support staff. Its twelve 
departments and units span the Biological, Mathematical and 
Physical Sciences; they offer a full range of undergraduate 
Science programmes for approximately 2.100 students enrolled 
in the Faculty, courses for a large number of students from 
other faculties and schools and M.Sc. and Ph.D. programmes 
for about 280 graduate students. 


Candidates should have achieved distinction as scholars in a 
major field of Science, have a commitment to advancing 
higher education in Science and have strong leadership ability. 
Relevant administrative experience and knowledge of the 
Canadian educational system would be assets. 


The appointment is expected to commence September 1, 
1979, and will be for a renewable term of normally five to 
seven years. 


Please address responses to: 


Provost R. A. Johnson, 

Chairman, 

Selection Committee for Dean of the Faculty of Science, 
Room 202, Administration Building, 

The University of Manitoba, 

Winnipeg. Manitoba, 

Canada, R3T 2N2. 


Applications, nominations and suggestions will be received 


until March 15, 1979. 9171(A) 













NORTHERN IRELAND 
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CSIRO AUSTRALIA 


Postdoctoral 
Research Fellow 


Division of Mineral Chemistry 
Port Melbourne, Victoria 


CSIRO has a broad charter for research into primary and 
secondary industry areas. The Organisation has approximately 7,000 
employees—2,400 of whom are research and professional scientists— 
located in Divisions and Sections throughout Australia. 


Field: SURFACE CHEMISTRY OF COAL 


General: The work will be centred at the laboratories of the 
Division of Mineral Chemistry in Melbourne (Port Melbourne) but 
will involve collaboration with the CSIRO Fuel Geoscience Unit in 
Sydney (North Ryde). A period will be spent in Sydney at the Fuel 
Geoscience Unit and coal washeries on the NSW coal-fields. 

Duties: To study the surface properties of Australian black coals 
in relation to the behaviour of coal constituents during the upgrading 
of coal by froth flotation. 

Qualifications: Ph.D in Chemistry or equivalent. Experience in 
surface chemistry or applied colloid science will be an advantage. 

Salary: Within the range Research Scientist to Senior Research 
Scientist: $A14,829 to $A21,543 p.a. 

Tenure: 12 months' appointment with the possibility of extension. 

Applications IN DUPLICATE, stating full persona! and 
professional details, the names and addresses of at least two 
professional referees, and QUOTING REFERENCE NUMBER 
430/390 should reach— 

The Personne! Officer, Australian Scientific Liaison Office, 
Canberra House. 10-16 Maltravers Street, London WC2R ЗЕН, by 
16th February 1979. 

Applications in U.S.A. and Canada should be sent to—The 
Counsellor Scientific, Embassy of Australia, 1601 Massachusetts 
Avenue, N.W.. Washington, D.C., 20036, U.S.A. 9210(A) 


Nature Conservancy Council 


FIELD UNIT LEADER 


SCOTLAND (Senior Scientific Officer Level) 


Salary Scale: £5,154—£6,898 

Applications are invited for the post of Field Unit Leader for 
Scotland, based at the Nature Conservancy Council's Head- 
quarters for Scotland, in Edinburgh. 

Background 

The function of the FIELD UNIT is to develop a co-ordinated pro- 
gramme of survey and monitoring in SCOTLAND in conjunction with 
Country НО, regions and the Chief Scientist by carrying out appro- 
priate survey and monitoring projects and to synthesise and interpret 
the results so as to facilitate maximum use of the information by all 
staff within the organisation 
The Post 

The successful applicant should be a biologist with considerable 
experience of ecological survey work who will be required to lead the 
newly formed Field Survey Unit in Scotland (outlined above), The 
work will involve surveys of the flora and fauna of particular habitats, 
assessing the impact of developments and monitoring changes in the 
environment. 

Age and Qualifications 

Preference will be given to candidates with experience of survey 
methodology and numerical data processing and with a wide know- 
ledge of British vegetation types. 

Candidates should have a first or second class honours degree or 
equivalent in biology, botany. zoology, geology or geography and 
should normally be aged at least 25 and under 32 years of age and 
have atleast 4 years relevant post-graduate experience. 

This post will entail extensive travelling and possession of a current 
driving licence is therefore essential. 

Application forms and further details are available from Recruitment 
Section, Nature Conservancy Council, Godwin House, George Street, 
Huntingdon, Cambs PE18 6BU (Tel. 0480 56191). Closing date for 
completed application forms is February 16, 1979. interviews will be 
held in March 1978. 9203(A) 


инке Vol. 277 18 January 1979 





Northern Ireland Forensic 
Science Laboratory 


Scientific 
Staff 


Applications are invited for the following pensionable posts in 
the Northern lreland Forensic Science Laboratory, Newtownbreda 
Road, Belfast. 


The successful candidates will join a team of scientists engaged 
in the scientific investigations of crime throughout Northern 
Ireland. The work is interesting and varied and offers wide scope 
for developing interests in the varied aspects of forensic science. 


METALLURGIST 


(Higher Scientific Officer) 


£4101 - £5448 
(Ref SB 28/79/N) 


Applicants must be under 30 years of age at 31 December 1979 and 

possess: 

(а) а stor 2nd class honours degree in Metallurgy ; or 

(b) an equivalent qualification acceptable to the Civil Service 
Commissioners. 


Candidates must have at least 2 year's postgraduate experience 
in research or industry. 


DOCUMENT EXAMINER 


(Scientific Officer) 


£2839 - £4415 
(Ref SB 29/79/N) 


Applicants must be under 27 years of age at 31 December 1979 and 

possess: 

(a) а 1st or 2nd class honours degree in a relevant scientific | 
subject; or 

(b) an equivalent qualification acceptable to the Civil Service 
Commissioners. 

The officer appointed will be involved in the comparison of 

handwriting and typewriting and the examination of signatures and 

documents to detect forgery, alterations, etc. Previous experience 

in this field may be an advantage. 


SCIENTIFIC OFFICER 


£2839 - £4415 
(Ref SB 30/79/N) 


Applicants must be under 27 years of age at 31 December 1979 and 

possess: 

(a) adegree in pure or analytical chemistry ; or 

(b) àn equivalent qualification acceptable to the Civil Service 
Commissioners. 


Exceptionally, applications may be considered from candidates over 
the age limits who have specialised experience. 


Starting salary will be related to qualifications and experience. 


There are promotion prospects to Higher Scientific Officer £4101- 
£5448, Senior Scientific Officer £5154-£6898 and Principal 
Scientific Officer £6609- £8461. 


Please write or telephone for an application form quoting the 
appropriate reference number to the Civil Service Commission, 
Rosepark House, Upper Newtownards Road, Belfast BT4 3NR 
(Telephone Dundonald 4585 ext 256). Completed forms must be 
returned to arrive not later than 1 February, 1979. 9238(A) 
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CSIRO 


AUSTRALIA 


Division of Applied Geomechanics 


Syndal, 


CSIRO has a broad charter for resserch into 
primary and secondary industry areas The 
Organisation has approximately 7,000 employese— 
2,400 of whom are research and professional 
scientists—located In Drvissions and Sections 
throughout Australia. 


Research 
Scientist 


Ref. No. 920/247 


Field: Slope stability applied to 
mining. 


General: The Division is engaged In research on 
the engineering properties of solls and rocks and the 
application of thls research In the fields of coal and 
metalliferous mining and urban, regional and marine 
geotechnology. The Division has rts headquarters 
and main laboratories at Syndal near Melboume 
Other staff are located in Adelaide, Sydney and 
mining areas In New South Walesa and Queensland. 

Dutles: To supervise а research team engaged on 
studlee related to surface mining. Initially the 
appointee will be required to conduct research aimed 
at defining the causes of slope fallure in surface 
coal mines and predicting the mechanisms of failure 
at greater mine depths. Research will Involve studies 
of the geology, matena! properties and stress In coal 
and adjacent strata together with the development 
of modelling techniques for surface coal mines. 

Qualifications: A PhD degree or equivalent 
qualification In ovil engineenng, mining engineenng 
or engineering geology, together with demonstrable 
research ability in one or more of the following 
fields : geology, hydrology, slope kinematics, 
modelling and behaviour monitoring 

Location: The appointee will be located at Syndal, 
Victona ; however extensive field tips to the Bowen 
Basin, Queensiand, and Hunter Valley, NSW, are 
envisaged. 

Salary: Appointment will be made within the 
ranges of Senlor Research Sclentist or Principal 
Research Scientist: $А18,819-$А26,364 per annum 

Tenure: Indefinite with superannuation 


Postdoctoral 
Research Fellow 


(2 'positions) 
POSITON 1—Ref. No. 920/245 


1. 


2. 


FELLOWSHIPS 


Victoria 


Field: Engineering geology. 

Duties: To inttiate research into the structural 
aspects of roof instability in coal mines using 
geological and engineenng techniques. Structural 
geology relevant to the support of laminated mine 
roof will be a substantial component of this study 
and Initial field work will be conducted in the Sydney 
Basin. 

Qualifications: A PhD degree or equivalent 
qualrfication in engineering geology or related 
discipline together with post graduate expenence in 
this field. Experienoe in coal mining and/or 
familiarity with geomechanical mathematical 
modelling techniques as well as instrumentation 
techniques would be advantageous 

Location: Depending upon circumstances the 
appolntee to this position may be located erther at 
Syndal Vic or at North Ryde, NSW. 

POSITION 2—Ref. No. 920/246 


Field: Mining engineering. 

Duties: To conduct a review of underground 
mining methods potentially applicable to the 
Australian coal mining industry Particular attention 
із to be paid to typical Australlan strata conditions 
such as geology, ground stress, seam and strata 
deformability and gas conditions Other duties will 
include participstion in the development of physical 
and mathematical modelling techniques to be applied 
in the detailed evaluation of selected mining 
methods An involvement in the development of 
geomechanical monitoring techniques for use in 
underground coa! mines environments is aleo 
anticipated 

Qualifications: A PhD degree or equivalent 
qualification in mining engineering or related 
discipline wrth expenence of operations in the coal 
mining industry 

Looation: Syndal, Victoria 

Salary: Appointments will be made within the 
salary ranges of Research Scientist or Senior Research 
Scientist. $A14,829-$A21,543 p a Consideration 
will however be grven to appointment at a higher level 
for outstanding applicants 

Tenure: These positions are available initially for 
12 months 

Applications In duplicate, stating full personal 
and professional details, the names and addresses of 
at least two professional referees, and quoting the 
appropriate reference number(s) should reach: 
The Personnel Officer, Australian Scientific Liaison 
Office, Canberra House, Maltravers Street, 
LONDON WC2R 3EH, by 18th March 1979. 

Applications in US А. and Canada should be sent 
to The Counsellor (Scientfic), Embassy of 
Australia, 1601 Massachusetts Avenue NW, 
WASHINGTON D C 20036 9229(A) 





The School of Pharmacy 
UNIVERSITY OF LONDON 
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NEW ZEALAND 
UNIVERSITY OF 
CANTERBURY 
Christchurch 


Applications аге invited for 
University Postdoctoral Fellowshij 
the Department of Civi] Еп пес: 
Applicants must poesces a Р 
equivalent degroc, preferably follc 
by somo research е nepco 
йез within which the Fellow 
may be held aro. Construction 

coring, Fluid Mechanics, High 

corn Matonals, Phot 
metry 
Engineering, Seimmology, 5011 M 
anics, Structural Mechanics inclu: 
reinforced and prestressed conc) 
masonry, stool and timber struct 
and Sytems Engineering 


Applications close on March 
1979. 


Tho emolument will be NZ$8 

annum. Fellowships are ten 

Or one year. 

Purther particulars and Condit 
of Apopintment may be obtained f 
the Association of Commonwe 
Univeraties (Appia), 36 Goi 
Square, London 1H ФЕР 


AUSTRALIAN NATIONA 
UNIVERSITY 


RESEARCH SCHOOL 
OF CHEMISTRY 


PROFESSORIAL 
FELLOWSHIP IN 
ORGANOMETALLIC 
CHEMISTRY 


Applications are invited for app 
ment as Profesonal Fellow in 
area of Organometallsc Chemistry 


Founded in 1967, the Resa 
School of Chemustry is an Integr 
School without departments A 
fessorial fellow can devote almost 
whole effort to research, being 
pected only to attend to m 
adminstration In the School anc 
play some part in University aft 
The School has no responsibility 
undergraduate teaching [t carries 
rescarch and teaches graduate stud: 
п well uipped by modern standi 
and ш 1 supported by technical 
administrative staff The present Т 
of the School m Professor D P C 
FAA, FRS 


The School has a total acad: 
staff of sevonty-one, of whom four 
hold tenured appointments There 
three езгогу 
Buch, P Cru 
son) and two professorial fellows 
J Ferguson and Mr R W Ricka 
Profesor B G Hyde of the Un 
sity of Western Australia has rect 
accepted a Chair of Chemrtry in 
area of Inorganic Chemistry 


In the inorganic area thero are t 
tenured staff members leading | 


UNIVERSITY OF WARWICK 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited for a post- 
research fellowship in the 
Departments of Chemistry and Mole- 
cular Sciences and Psychology, to 
work on an MRC sponsored project 
on Шс anosmia and related areas 
of olfaction. The work will involve a 
systematic study of olfactory responses 
to urinous and musk odorants The 
project could suit either a chemist 
(biochemist) with an interem in phy- 
chophysics or а psycohologmst familiar 
with chemical methods. 

The post is for two years, beginning 
as soon as possible, initial salary will 
be in the range £3,883 to £4,382 per 
annum on the Research range IA 
scale. 

Appheations, enclosing a curriculum 
vitae, detatls of research experience 
and the names of two referees should 


Untversity of Warwick, Coventry CV4 
TAL as soon as ble Please quote 
Ref. No: 23/A 9176(Е) 





QUEEN’S UNIVERSITY 
Kingston, Ontario, Canada 


Applications are invited for a post- 
doctoral fellowsh: to study the 

etics апа replication of insect 

uloviruses The position u sup- 
ported by MRC Canada for up to 
two years from receipt of a PhD 
degree Stipend for the first year is 
$11,600 e position ш available 
from April 15, 1979 The desrable 
qualrfications are a 
virology and biochemistry of nucleic 
аскїз and proteins. 

Please address inquines to Dr Peter 
Faulkner, Department of Micro- 


biology and Immunology, Queen's 
University, Kingston, Ontario, K7L 
3N6, Canada 9169(E) 


TEACHING FELLOWSHIP 
IN PHARMACOLOGY 


Applications are invited for this 
appointment at or about September 1, 
1979, from suitably qualified persons 

For the Teaching Fellowship, which 
із of limited term, postgraduate experi- 
ence should relate to the reeearch 
interests of the Department but addi- 
tional experience in neuroanatomical, 
radio immunoassay and receptor bind- 


ing amay techniques would be very 
welcome 

Normal non-clinical univermty aca- 
deme terms of appointment and 
salary scale Further information can 
be obtained from Profesor D W 
Straughan 

Applications to be submitted by 
February 9, 1979, in the form of 


letter accompanied by a C V and the 
names of two referees to: 
The Personnel Officer, 
The School of Phannacy, 
29/39 Brunswick Square, 
London WCIN 1AX. 9201(E) 





pendent research grou (Profe 
A. M Sargeson, Dr A Ber 
and Dr G B poe They 
supported by research fellows 
PhD students [t із expected 
Professor Hyde will take oP 
appointment early in 1979 a 


an appointment will be made soo 


the recently  advertmed fellow 
senior fellowship їп {norg 
chemutry 

The salary is $A29,532 A ant 
Current exchange rates SAI « 
58р $081 14 


Superannuation benefits are а 
able The University meets reasor 
travel and removal expenses for 
appointees and ho family Азад 
with housing is proved for 
appointee from outside Canberra. 

The University reserves the righ 
to make an appointment or to I 
an appointment by invitation at 
time. 

Further 
position should be obtained from 
Association of Commonwealth Ur 
sites (Appts), 36 Gordon Sq 
London WCIH Б 


о close on March 
wees 9180 


information about 
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FELLOWSHIPS continued 


THE UNIVERSITY OF 
BIRMINGHAM 


DEPARTMENT OF 
ANATOMY 


POSTDOCTORAL 


RESEARCH FELLOWSHIP 
A postdoctoral 





biochemist is re- 
uired to join a  multi-disciplinary 
sam studying aspects of growth and 
ifferentiation. The successful candi- 
ate will be responsible for a new 
f.R.C.funded project involving the 
še of monoclonal antisera to study 
rotein polymorphism in muscle. 
echnical support will be available 
he post is for three years beginning 
s soon as possible. Maximum starting 
alary will be £3,883 (plus superannua- 
on) on the Research Fellow 1A scale. 
Applications (three copies), enclos- 
ig a curriculum vitae, details of 
*search experience and the names of 
aree referees, should be sent to the 
ssistant Registrar, Faculty of Medi- 
ine, University of Birmingham, 
armingham  B15 2TJ, from whom 
irther information may be obtained. 
dosing date February 16, 1979. Please 
uote reference RF/ANT/478. 
9221(Е) 


A RESEARCH 
FELLOWSHIP 


tenable for a period of up to three 
years, is available for work on the 
regulation of eukaryotic genes by 
steroid hormones. Emphasis will 
be given on the isolation, cloning 
and characterisation of specific 
genes. Candidate should be experi- 
enced in the techniques of nucleic 
acid biochemistry. Applications 
(with curriculum vitae) should be 
sent to Dr J.P. Jost, Friedrich 
Miescher-Institut, P.O. Box 273. 
CH-4002 Basel, Switzerland. 
9227(E} 


UNIVERSITY OF KENT 


AT CANTERBURY 
BIOLOGICAL LABORATORY 
PROTOZOOLOGY GROUP 
Applications are invited for a 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


work on the biochemistry of 
vrimidine biosynthesis in Trypano- 
ma cruzi. Preference will be given 

candidates with experience їп 
&zymology. Training іп protozoo- 
wical techniques will be provided. 
Salary range £3,883 to £4,882. The 
»pointment is financed by the World 
walth Organisation’s Special Pro- 
imme for Research and Training on 
topical Diseases and will be for one 
ar initially, with good prospects of 
stension for a further period of two 
jars. 
Application forms and particulars 
iy be obtained from the Senior 
sistant Registrar, Faculty of Natural 
slences, Chemical Laboratory, The 
"versity, Canterbury, Kent, to whom 
ampleted applications should be sub- 
matted by February 7, 1979, Please 
sote Ref: A1/79. 9230(E) 





STUDENTSHIPS 


INIVERSITY OF LEICESTER 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for a 
A.S.E. research studentship to work 
the control of aerobic energy con- 
*vation in bacteria during growth in 
intinuous. culture. The project will 

supervised by Dr C. W. Jones 
university of Leicester) and Dr J. 
inton (Shell Research Ltd, Sitting- 
jarne). The studentship is tenable 
gm October 1979 and the successful 
indidate will be expected to read for 





higher degree. Applicants should 
(556855, Or expect to obtain, a good 
mours degree in Biochemistry or 


serobiology and should write to Dr 
W. Jones, Department of 
lemisiry, University of Leicester, 
Mcester LEI TRH ‘enclosing a cur- 
Шит vitae and the names of two 
Perces, 91010» 








Bio- | 





18 January 1979 


COURSES 


UNIVERSITY OF 
ABERDEEN 
M.Sc. 
IMMUNOBIOLOGY COURSE 
1979-80 


Intending applicants for this 12 
month course should apply for further 
details and application forms to Dr 
J. B. Solomon, Immunology Unit, 
Department of Bacteriology, Univer- 
sity of Aberdeen, Aberdeen AB9 2ZD, 
as soon as possible. 9190(D) 











ASSOCIATESHIPS 


HERIOT-WATT UNIVERSITY 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL 
RESEARCH 
ASSOCIATESHIP IN 
SOLID STATE THEORY 


Applications are invited for an 
S.R.C. Postdoctoral Research Associ- 
ateship, for studies of Anderson local- 
isation and other topics in the theory 
of disordered solids, in association with 





Dr D. Weaire. The starting date 
should be no later than October 1, 
1979. 


Informal enquiries can be addressed 
to Dr Weaire. 


Initial salary will be in the range 
£3,883 to £4,382 per annum (under 
review} of Range 1A. 

Application forms are obtainable 
from the Staff Officer, Heriot-Watt 
University, Chambers Street. Edin- 
burgh EH! IHX. Ref. No. 22/78. 

9196(0) 








SCHOLARSHIPS 





WELSH NATIONAL 
SCHOOL OF MEDICINE 
(University of Wales) 
DEPARTMENT OF TRAUMATIC 
AND ORTHOPAEDIC SURGERY 
Applications are invited for a 
RESEARCH SCHOLARSHIP 
years from 


above De- 
Royal 


tenable for up to three 
February 1, 1979, in the 
partment at the Cardiff 
Infirmary. 
The project 
bone morphology 


involves studies of the 
and morphometry 
in some common fractures and in 
human osteoarthritis. The work, 
which will be done in the Orthopaedic 
Research Laboratories, will he closely 
integrated with the use of modern 
techniques such as microradiography 
and bone auto-fluorescence, as well as 
recent! y-developed special staining 
techniques. Studies of experimental 
material might also he involved. 
Applicants should hold, or expect to 
obtain in 1979, a good Honours de- 
gree in basic science and be keen to 
work in the biomedical field and in- 
terested in the morphology of hard 
tissues. An ability to do some simple 
microscopical observations or some 
experience with the hasic histological 
techniques would be an advantage. 
On the other hand, this Scholarship 
would give the applicant a good foun- 


dation for independent studies in the 
morphology of bone tissue, The 
appointee to Һе registered for a 


Higher Degree with the University of 
Wales, if suitably qualified. 
Conditions are those pertaining to 
Tenovus Scholarships. Applications, 
which should take the form of a cur- 
riculum vitae with the names and 
addresses of two referees, should he 
submitied to Mr Z. Нан Senior Lec- 
turer, Department of Traumatic and 
Orthopaedic Surgery. Cardif Royal 
Infirmary. Newport Road. Cardiff. 
quoting Ref. No. T27/3/9. S17S¢(H) 
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SYMPOSIA 









CALL FOR PAPERS 
EUTROPHICATION IN ESTUARIES 


An international symposium on 


The Effects of Nutrient 
Enrichment in Estuaries 


will be held on May 29, 30 and 31, 1979, in Williamsburg, Va. 
The conference is being organised by the Chesapeake Research 
Consortium and sponsored by the U.S. Environmental Protec- 
tion Agency. One to two page abstracts for papers on relevant 
topics should be submitted by February 15, 1979, to 














Dr Bruce J. Neilson, 
Virginia Institute of Marine Science, 
Gloucester Point, VA 23062. 

Phone: 804-642-2111. 









91720M) 


LEUKAEMIA RESEARCH FUND 
International Research Symposium on 
PHILADELPHIA CHROMOSOME POSITIVE 

LEUKAEMIAS 


will be held at the Roval College of Physicians, London, on 
Tuesday, April 10, 1979. Registration fee (includes lunch) £6. 
Apply for details and registration form to: 
Leukaemia Research Fund, 
43 Great Ormond Street, 
London WCIN ЗЫ 
Tel: 01-405 0101 
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How Britain runs 


its science 
This highly successful chart, which 
appeared in Nature 28 August 1 1975 
(but is stil! much requested and much 
referred to), has now been completely 
revised and updated to include all 


major changes ín the personnel and 
administration of British science. 


















Measuring approximately 2° x 3' 
and containing black-and-white 
illustrations of prominent figuras, 
copies of this chart are now 
available at 75p (UK), US $1.50 
(Rest of World). 


Payment may be made in any currency at the 
prevailing exchange rate. Cheques should 
be made payable to Macmillan Journals 
Ltd. Prices include postage and packing. 


To order please complete the coupon below, 
Qr write, enclosing the correct remittance 


йт: 

| Nature, 

1 Macmillan Journals Ltd 
Brunel Road, Basingstoke, 

| Hants, RG21 2XS, 

i Engtand 


| Piease send me 
| chart(s) 
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| i enclose 


How Britain runs its science 


Macmillan Journals Ltd. Reg No 785398 England. 
i Reg. Office 4 Lite Essex St London WCZR 3LF 
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Nature special supplement 
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Make suxe of your weekly copy 


Oxder Form 


To: Nature, Macmillan Journals Ltd, Brunel Road, 
Houndmills, Basingstoke, Hampshire, England RG21 2X5. 


Please enter me for a year's subscription 
to Nature, starting with the issue dated 


Contents 


BJ Mason 

The World Climate Programme 

MJ Ingram, DJ Underhill & TML Wigley 
Historical Climatology 
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MK Miles 

Predicting temperature trends in the Northern 
Hemisphere to the year 2000 


Also available 


Parasitology Supplement (36pp) 
22 June 1978 


Science in China (3 reports by 
Joseph Needham) 31 August 1978 


Prices including postage: 


UK £1.00 
Rest of World US $3.50 (surface) 
US $5.00 (air) 


Payment may be made in any currency at the 
prevailing rate of exchange. Cheques should 
be made payable to Nature. 


To: Nature, Macmillan Journals Lid.. 
Brunel Road. Houndmills, Basingstoke, Hampshire, 





England RG21 2X5 | 
Please send me special supplement issues 
in the quantities shown: 
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LEADING UK MANUFACTURERS OF 





poly-vessels 


These expanded polystyrene 
vessels are used in laboratories 
and industry for carrying liquid 
Nitrogen and Dry-Ice. The P.97 
size can be used for carrying 
‘Winchester’ bottles of chemi- 
cals safely. Supplied with or 
without carrying handles and 
lids. 


Circle No. 02 on Reader 
Enquiry Card. 
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The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention. Heater 
current cuts off if water supply is interrupted, or 
inadequate or forgotten. When receiver (5 litres 
capacity) is full, current cuts off. When distilled water is 
drawn from receiver, the still resumes operation until 
receiver is refilled. 


Purity Electrostatically charged condenser droplets can 
pick up fumes, dust and air-borne organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absence of such contamination. 


Efficiency Heater of Scorah design and manufacture, 
consumption 1,700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost less than 2p per gallon at Yap 
per unit. 





Safety The heating element is out of contact with the | 
feed water, thus eliminating danger from "live" water | 
supply or electrolytic effects of "burn ош”. | 

| 


Assembly No retort stands of clamps are required. | 

\\ The 2*i-in. diameter ball joint gives а stainless | 
set-up. Outlet cap on boiler for quick periodical | 

i drain-off of sediment. The still may be installedon a | 

| Shelf or platform about 1 ft. above bench level near a | 

| sink and enclosed in a transparent plastic cover to | 

i keep out dust. | 


| Heat-resisting glass. Interchangeable ground Blass. 
joints. 
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Liquid Scintillation: Counting: 


Commitment | 


Pn 


As the leading manufacturer of 
radiochemicals, NEN has come to 
know a good deal about the problems 
you face in liquid scintillation count- 
ing. So much so that in the last ten years 
we have developed the industry's most 
complete line of liquid scintillation 
chemicals, with over30 products stocked 
worldwide. They include our AQUASOL* 
Cocktails — the world's most referenced 
scintillators, and BIOFLUOR" — the 
highest efficiency product for aqueous 
tritium counting. 

Our commitment goes beyond 
making products. We provide 








Es 
worldwide LSC technice 
=) expertise through field rep 
esentatives trained to assist you i 
) the selection of scintillation chemical 
T tailored to your needs. And they'r 
supported by the industry's onl 
LSC Applications Laboratory 
Write for complete informatior 


New England Nuclea 


549 Albany Street, Roston, Massachusetts 021! 
Customer Service 617-482-9595 
Canada: NEN Салада Lid., Lachine, Quebec, Н 
Tel: 514-636-4971, Telex: 05-821 808 

Europe: NEN Chemicals GmbH, D-6072 Dreieichenhair 
W. Germany, Daimlerstrasse 26, Postfach 1240 Tel: (06! 
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Th wig livetatorisn r ! 
A revolution in tissue culture techniques 
by Boehringer Mannheim! 
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The neutral protease “Dispase” is the 
most favourable enzyme in tissue culture 
techniques for the enzymatic disintegrationof c 
tissues into single cells or to keep cells in 
suspension culture. 






The advantages over trypsin are: 





sk no damage of cell mem branes | 








Ж no inhibition of cell growth 





tissue disintegration in presence of a complete * no contamination by viruses or mycoplasms 
nutrient medium even with serum possible 








Commercially available: Dispase, Grade |, Cat. No. 241750 
Dispase, Grade Il, Cat. No. 165859 
Dispase/Collagenase mixture, Cat. No. 269638 


For details and working instructions please ask your local representative or: 


Boehringer Mannheim GmbH 
Biochemica 


boehringer Ро. Box 310120 
D-6800 Mannheim 
W. Germany 


mannheim 
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Cover picture 


Tikal, Peten, Guatemala. The North 
Acropolis and Temple I at sunset. On 
page 269 radiocarbon dating of the 
Late Classic Maya collapse is dis- 
cussed. (Photo: D. M. Hales). 
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Peak quality 
in chromatography! 





Pharmacia Columns are The quality of 
designed to exploit to your work deserves 
the full the separation the quality of 
properties of your Pharmacia Columns. 
bed material. 
Ask for our free Catalogue 
High resolution and choose 
Ease of performance from the wide range of 
and maintenance Pharmacia Columns. 
Inertness There is one to 
Aqueous or solvent work suit your application. 


Low or medium pressure 

Fast and easy sample application 
Reversed flow and recycling 
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Converting intelligence into wisdom 


Dors Britain use its intellectual resources wisely? 
There can be little doubt that the British education 
system has proved itself competent in the past at 
identifying and nourishing the high flier, from primary 
school through to university. Even in this time of 
egalitarianism there still seems a recognition of the 
need to sustain the outstanding student who may con- 
tribute something of exceptional value to society in the 
future. Twenty years of education can turn out people 
whose intellectual skills have been polished and 
sharpened to a high degree. But do we provide the right 
environment, as a nation, to capitalise for the next forty 
years on these skills; not just for the benefit of an 
organisation but also so that the individual may con- 
tinue to feel a sense of fulfilment from being 
intellectually extended? | 

There is a trivial sense in which every educational 
system is immensely wasteful, and must be so to be 
effective. The vast majority of what is learnt in school 
or university is never specifically going to be used later 
in life but can only at best be described as intellectuel 
compost—material which helps to explain ‘the way 
things are’ and which may dluminate future thinking 
in an undefinable way. But there is a far less trivial, and 
far more nation-specific way in which intellectual re- 
sources may be used or squandered. If the structure of 
a society is so heavily compartmentalised that the only 
way ahead is to become a specialist, and progressively 
to acquire greater expertise in a narrower discipline, 
then there is a small chance that intelligence will lead 
to wisdom. If there is an element of cross-movement 
open, at all levels, there is at least the possibility that 
every year wil bring sounder judgement and more job- 
satisfaction. 

Britain is indubitably a compartmentalised society: 
civil servants, academics, lawyers, doctors, politicians, 
industrialists and many others—they all pursue their 
own separate and highly specialised paths, defending 
themselves against outsiders and looking askance on 
those few who choose to step off a well-defined ladder. 

The civil service is as good, or bad, an example as 
any. Competition for entry into the service is flerce; 
very intelligent people enter the service in their 
twenties. Whatever the label they carry—administra- 
tive, scientific and so on—they can be reasonably sure 
of a lifetime of employment, and indeed very few ever 
think of changing career. Certainly during that lifetime 
for many there will be varied work to do, but it will all 
be within the framework of serving the state. Even 


within this, the largest compartment of them all, there 
аге any number of sub-compartments. A scientist who, 
at the age of 40, feels he has run out of steam is not 
going to find the administrative or executive branches 
waiting with open arms for him, regardless of the un- 
doubted variety of experience he might bring to a new 
job. Not, it must be admitted, that civil servants show 
all that much interest in changing their environment; 
a recent scheme to encourage temporary moves be- 
tween the service and industry and academe, after two 
or three years of very modest success, is now in 
ареувпсе. 

Because the civil service has built up great bodies of 
specialist expertise (some excellent, some not) within 
its walls, it feels relatively little need to share its prob- 
lems with others or to draw in the outsider for a period 
to give a new perspective. This then leaves academics, 
for instance, ill-informed on many questions of broad 
national or international interest and inclined to with- 
draw even further into their laboratories, common 
rooms and learned societies. Not of course, that 
academics can be depicted as entirely innocent of their 
own compartmentalisations, both to keep the outside 
world at bay and to maintain fine distinctions between 
disciplines. 

The end result of all this is by no means that Britain 


' Jacks experts in almost every subject under the sun, but 


that broader perception is often lacking. And surely 
scientists, as well as anyone, know how important a 
multidisciplinary approach is in the advancement of 
knowledge and understanding. 

Of course, mobility must not be preached for its own 
sake. There are many who are at their happiest and 
most productive when pursuing their own specialisation, 
and these would profit little, and be much irritated by 
an ethos in which they were viewed with suspicion for 
sticking to what they do most effectively. On the other 
hand there are equally many who would profit greatly 
from the chance to diversify their career. 

No single grand gesture wiM shake Britain out of its 
present over-specialised character. Rather a variety of 
smaller things have to be done: attitudes must change, 
terms of employment must be revised, even the penalty 
that the mobile suffer in their pension must be looked 
at. And there certainty ought to be more serious dis- 
cussions about developing new institutions which could 
effectively span the public and private sector, looking 
at major policy problems but from an outsider’s point 
of view. B 
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US boosts basic science, but overall R & D drops 


Defence, energy and space head for large increases in basic 
research funding in President Carter’s 1980 budget. 


David Dickson reports 


“THe budget for fiscal year 1980 is lean 
and austere”. The words that President 
Carter chose to open his budget mes- 
sage to Congress on Monday apply 
directly to proposed funding levels for 
research and development—but in a 
time of financial conservatism basic 
science has done relatively well, being 
scheduled for a real growth of 20% 
above the expected level of inflation. 

The overall size of the R&D budget 
reflects the President's choice of re- 
duced public spending as a major 
weapon to fight inflation. Thus total 
R&D obligations are planned to rise 
only 4.196 to $30.6 billion, the smallest 
increase in the R & D budget since the 
Nixon era, | 

Given this general constraint, the 
main issue that has occupied govern- 
ment agencies in preparing their 
budget requests has been to decide how 
the money should be distributed along 


the R&D spectrum And it seems to 
have been generally accepted that opti- 
mal long-term results can be achieved 
by shifting support for ‘development’ 
projects back to the basic research end 
(a trend initiated last year, though 
dealt with unsympathetically Бу 
Congress). 


The net result of this is a projected: 


increase of 9% in the funds available 
for the support of basic science, about 
2% above the expected level of infla- 
tion, with increases of twice this 
amount for some agencies, such as the 
departments of energy and defence. 
Those projects to have suffered are 
the ones which the administration feels 
have reached a stage at which they 
could be taken up in other ways—if at 
all. There will, for example, be a re- 
duction in support for coal conversion 
technologies and hydroelectric and 
solar heating R&D, although more 


money for basic research in solar 
energy. 

One agency to have done well in the 
budget review is the Department of 
Defense, which accounts for about 
45% of federal support for R & D The 
department is scheduled to receive an 
increase of 7% in its total R&D 
funds to $13.8 billion, and within this 
an increase in basic research of 17% 
from $373 to $436 million. 

The department’s research money, 
whose ‘growth reflects a general growth 
in defence spending that characterises 
the whole budget, will be used to sup 
port projects such as the MX inter- 
continental ballistic missile and new 
research on very high speed integrated 
circuits. There will also be more 
defence money spent in university re- 
search departments. 

An even greater increase—18.8%— 
is scheduled’ for basic research sup- 
ported by the National Aeronautics 
and Space Administration. However, 
here the figure is slightly deceptive, 
since much of this will be required to 





Space scientists disappointed: The budget for the National 
Aeronautics and Space Administration does not contain 
any major new mission starts. It comes as a disappoint- 
ment to space scientists, who had hoped that at least 
some of their proposals might have escaped the cuts. Top 
of the list of projects which will not receive funding are 
plans to send an orbiting imaging radar to Venus—parti- 
cularly important in view of the failure of some of the 
equipment on board the current Pioneer missions—and 
plans for a gamma ray observatory. 

Other casualties include a national oceangraphic satel- 
lite system, and plans to place a block order for a number 
of multi-mission satellites (mms). These wil now be 
ordered individually, which could increase the costs of 
proposed British mms. Although these and other new 
projects were included in а $49 bilkon request which 
NASA put to the Office of Management and Budget, they 
were all discounted to ensure that general budget 
constraints and increased shuttle costs did not cut into 
existing programmes. 


10% more for university research: The total federal R&D 
outlays to universities and colleges is planned to increase 
by 10% in 1980, considerably above the overall increase 
in R&D funding. The largest increase will be in research 
funds from the Department of Defense, scheduled to grow 
on campuses by 13% to a total of $359 million. Other 
major increases are planned for DHEW (11.9%) and the 
National Science Foundation (12.1%). In the proposed 
budget for the National Institutes of Health, funds for 
research projects awarded on a competitive basis are 
planned to fall from $494 million to $279 million, while 
non-competitive funds are scheduled to increase by 
approximately the same amount. 


Boost for nuclear physics: After several years of relative 
neglect, there is some good news for nuclear physics, and 
government officials say that the increased support should 
continue “for some years to come”. Funds have been 
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made available in the Department of Energy’s budget for 
a major heavy-ion facility at Michigan State University; 
an energy doubling electron beam recirculator at the 
Bates Linear Accelerator of the Massachusetts Institute 
of Technology; and an experiment staging area at the 
Anderson Meson Facility of the Los Alamos Scientific 
Laboratory. The expansion in nuclear physics has been 
partly made possible by the near completion of the 
Cornell storage ring, funded by the National Science 
Foundation. Construction of the Michigan facility is to be 
transferred from the NSF to the Department of Energy, 
although the foundation will continue to cover research 
costs. 


Research on environmental hazards: As a reflection of the 
growing importance of scientific findings in the control 
and regulations of environmental hazards, the administra- 
tion is proposing to make a major increase in the research 
budget of the Environmental Protection Agency. Obliga- 
tions for R&D will increase from $400 million to $436 
million, with a 16% imcrease in longer term research. 


NSF instrumentation grants up 50%: The National 
Science Foundation is planning a 50% increase in its 
allocation of funds for research instrumentation and 
equipment, a source of growing concern in recent years 
and one of the areas in which universities and research 
institutions have been hit hardest by inflation. Announcing 
this increase, NSF director Dr Richard C. Atkinson said: 
“There is no question that we have been lagging behind 
in equipping our laboratories”. In many Western Euro- 
pean countries, the proportion of the research budget 
devoted to instrumentation was almost three times as high 
as in the US. The increase will raise the’ funds for 
instrumentation from $54.4 million in the current fiscal 
year to $816 million. The extra money is contained in 
a 12.4% increase in NSF funds for research in phsysiology 
and cellular and molecular biology, and a 15.496 increase 
for environmental biology. 
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Carter: fighting inflation with spending cuts 


support projects that have already 
been initiated—such as the Jupiter 
Galileo mission—but are now moving 
into an expensive phase. 

Another burden on NASA’s budget 
is the increased costs of the Space 
Shuttle, for which the agency is 
already having to approach Congress 
for an extra $185 million as a result of 
delays caused by engine test failures. 


port for space science and applications, 
there is no provision for any new pro- 
grammes. 

At the Department of Energy, which 
is having to bear much of the cutback 
in federal spending, there is said to 
have been considerable dispute over 
which end of the R&D spectrum 
should bear the brunt of the cuts. In 
the end demonstration projects were 
the ones to suffer, Within an overall 
R&D budget that will remain virtu- 
ally constant in 1980 at $4.6 billion, 
there will be a 17%, increase in support 
for basic science, sufficient to ensure 
continued support of high energy 
physics at current levels, as well as a 
boost for nuclear physics and solar 
energy research. 

As far as the National Science Foun- 
dation is concerned, the administra- 
tion has asked for a relatively modest 
overall increase in funding of 8.4%, 
bringing the agency's budget to 
$11.006 billion. Basic research is 
scheduled for an 11.8% increase, with 
large increases in chemistry, the earth 
sciences and environmental biology, 
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great increase is suggested for NSF's 
applied science activities. The budget 
for “problem-focused research applica- 
tions" is to fall by 11.6%. 

Projected figures for the Department 
of Health, Education and Welfare are 
a somewhat unreliable guide to what 
will actually be spent, since tradition- 
ally they are raised substantially by 
Congress, With this in mind, the 
administration has requested a budget 
for the National Institutes of Health 
of $1.4 billion, less than 1% higher 
than the current year. 

Commenting on the overall budget 
figures, Dr Frank Press, Director of 
the Office of Science and Technology, 
said that “in general we feel that 
R&D has received good treatment. 
And when you add the basic research 
initiatives, we feel this is a very strong 
research budget." 

Dr Press said that President Carter's 
initiative in increasing funds for basic 
research had become a model for other 
countries spurring similar increases, 
for example, in France, Britain, and 
West Germany. "It is nice to see that 
the US research dollar has leverage of 


The net result is that although there 
will be a 207; increase in NASA's sup- 


Sun shines on solar energy: Research on solar energy, a 
proposed cut in which last vear brought a storm of protest 
from the environmental movement, is planned to receive 
an increase in funding of 24';,. Longer term solar-related 
technology development and applied research will grow 
by 40%, in 1980. In particular, the Department of 
Energy's budget request includes funds for the construc- 
tion of a new 300-acre research facility at the Solar 
Energy Research Institute in Golden, Colorado. 


Administration tries again on competitive agricultural 
research. grants: The US Department of Agriculture is 
once more proposing a major increase in funding for 
competitive research grants, a proposal which has come 
under heavy fire in Congress for the last two years, during 
which such increase have been considerably cut back. In 
its proposed 1980 budget, the President has asked for a 
total of $30 million, two-thirds of this for basic research 
on the efficiency of food production, and the rest for the 
improvement of human nutrition. One major initiative 
in agricultural research is a major inter-agency effort to 
assess the value of space remote sensing data in obtaining 
early estimates of the efTect of natural disasters on crop 
conditions, and improving world-wide agricultural pro- 
duction forecasting. Total funding for these projects, 
which will involve the departments of Agriculture, Com- 
merce and Interior, as well as NASA and AID, is 
estimated to increase from $18 million in 1979 to $29 
million in 1980. 


No funds for Clinch River or nuclear reprocessing: The 
Administration is sticking to its previous position on two 
hot political issues in the nuclear field by requesting no 
funds for either continuation of the liquid metal fast 
breeder reactor at Clinch River in Tennessee or for 
nuclear fuel reprocessing. Although $504 million is being 
requested for LMFBR research and development, 
indicating a continued commitment to the fast breeder, 
the administration repeats its position that the proposed 


and particular emphasis on upgrading 
equipment. Unlike previous years, no 


this kind", Dr Press said. 


Clinch River demonstration project “is both premature 
and uneconomical”. 

Research on nuclear fuel reprocessing is proposed for 
termination in 1980, in line with President Carter's non- 
proliferation policy. In its place, emphasis will be placed 
on "once through" nuclear fuel cycle that will be used 
in conjunction with improved and more efficient light 
water nuclear power plants. Research funds for the 
Department of Energy provide additional support for the 
examination of alternative geological sites for a deep 
nuclear waste depository, and for developing new waste 
forms that could be used for the disposal of high level 
defense wastes. President Carter has also announced that 
he plans to introduce a "spent nuclear fuel Act" which 
will authorise the department to accept spent nuclear 
fuel for storage and disposal in return for a one-time 
charge. 


Major effort in microelectronics: Three federal agencies— 
the Department of Defense, the National Science 
Foundation, and the National Bureau of Standards—are 
proposing to carry out complementary efforts in the field 
of microelectronics and submicron science and technology 
in 1980, involving a total budget of $41 million. At the 
NSF, efforts will be concentrated on fundamental research 
into the properties of microstructures, aimed at supporting 
a number of applications in electronics. The foundation 
will also provide training for scientists in this field, where 
a shortage of graduates is claimed by some to be holding 
back the efforts of private industry. The Defense Depart- 
ment is planning a major expansion of its research into 
very high speed integrated circuits, despite a major split 
in the defence industry over whether or not the technology 
already exists to meet the department’s needs. 


President halts child research building: Permission to 
construct a $37 million child health research facility at 
the National Institutes of Health has been withdrawn. It 
was considered low priority in a time of budget 
stringencies. 
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New US agency to focus research aspect 
of development aid 


David Dickson reports from Washington on President Carter's 
proposal for a foundation for International Technological 


Cooperation 


One of the relatively few new 
initiatives in the budget recommend- 
ations submitted by President Carter 
to the US Congress last Monday was 
the proposal to establish, under the 
foreign aid appropriations, а Foun- 
dation for International Technological 
Cooperation (FITC). 

The foundation is intended to act as 
the focus for the research and devel- 
opment component of the US develop- 
ment assistance effort. It is presently 
being conceived as one element in a 
proposed international development co- 
operation administration, which would 
also include existing bodies such as the 
peace corps and the Agency for Inter- 
national Development (AID). 

Funding for the FITC. would be 
about $100 million for the first year of 
full operation, beginning 1 October 
1979, although only a relatively small 
amount of this—about $25 million— 
would be new money, the majority of 
support resulting from the transfer of 
research projects currently carried out 
by AID. Eventually it is hoped that the 
foundations will have an annual budget 
of three to four hundred million 
dollars, the same order of magnitude 
as the National Science Foundation. 

Plans for the foundation already 
figure prominently in the US national 
paper for the United Nations Confer- 
ence on Science and Technology for 
Development (UNCSTD). However, 
criticisms of various aspects, such as 
the degree of autonomy which FITC 
will—or should—-be able to exercise 
from existing aid programmes, and 
from overt US interests, indicate that 
the administration may face an uphill 
task in getting its plans accepted. 

The proposed foundation was an- 
nounced last March in a speech by 
President Carter in Caracas, Vene- 
zuela. It is largely the brain child of 
Dr Frank Press, director for the Presi- 
dent's Office of science and technology 
policy, and reflects the same type of 
approach to R&D planning that he has 
injected into areas of domestic policy. 

A planning office, reporting directly 
both to Dr Press and to Mr John G. 
Gilligan, administrator of AID, was 
established last summer, It is directed 
by Dr Ralph Schmuckler, previously 
dean of international studies and pro- 
grammes at Michigan State University, 
and chairman of  AID's research 
advisory board. 

According to Dr Schmuckler, the 
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foundation will have two main ob- 
jectives, first, to help strengthen the 
scientific and technical problem-solving 
capacities of developing nations; and 
second to focus attention of US scien- 
tific resources on problems of concern 
to developing countries. 

Although precise details are yet to 
be worked out, FITC is expected to 
operate by identifying various "prob- 
lem-areas"—in contrast to the country- 
by-country programming of bilateral 
aid programmes—and then to work 
out which are the crucial problems in 
these areas. 

“The programming process will be 
a bit like a funnel. At the top we will 
have all types of state-of-the-art 
analyses. with participation by agencies 
already involved, by developing coun- 
iry representatives, and by scientists. 
We would then move from a broad 
sweep to an increasingly narrow focus 
on particularly important goals that 
could be realised over a period of five 
to ten years”, Dr Schmuckler said. 

To illustrate the type of research 
that might result from this process, he 
cites work being supported by AID on 
the possible production of a vaccine 
against malaria, ^A good example of 
an analysed, research problem dealt 
with initially in a very low-cost way, 
but resulting in some scientific break- 
throughs that offer the possibility of a 
solution to a major health problem". 

Besides research itself, however, an 
equally important part of the foun- 
dation's activities will involve helping 
to build research infrastructures in 


developing countries—for example by 








Above: protection against malaria. The 
disease disables 30—40° of the working 
population where the disease is rife. 
Research into a vaccine is “а good 
example" of the work FITC might 
undertake. 


and technologists through courses and 
seminars, and occasionally providing 
short-term financial support for local 
research initiatives. 

"We aim to spend the majority of 
our money in the developing countries 
themselves—a rough estimate is 75%”, 
says Dr Schmuckler. ‘‘The rest will go 
to US universities and research insti- 
tutions, but only to support work 
which is directly tied to activities over- 
seas". 

And to ensure what he calls a “real 
live audience" for the foundation's 
efforts, roughly one-third of FITC's 
advisory council-—which will be respon- 
sible for recommending areas for study 
to the foundation's director—will come 
from developing countries. 

Legislation to set up the foundation 
is soon to be presented to Congress as 
part of an amendment to existing 
foreign aid legislation. However, there 
are already signs that various criticisms 
of the current plan could lead to a 
tough political battle. 

One criticism, for example, is that 
the foundation will be so closely linked 
to existing agencies such as AID that 
it will not have sufficient autonomy to 
apply an objective analysis to third 
world research needs (although others 
point out that it may be necessary to 
emphasise US interests to get the FITC 
accepted by Congress). 

“The basic ideas is a very good one 
— but I am not very happy about the 
way that things are working out, par- 
ticularly since the foundation seems to 
be becoming a subsidiary of AID 
almost as soon as it is born”, says Pro- 
fessor Michael J. Moravscik, professor 
of physics at the University of Oregon, 
and an active member of the recently- 
formed Council on Science and Tech- 
nology for Development. 

Professor Moravscik and others are 
now putting their support behind an 
alternative proposal suggested by Sena- 
tor Adlai Stevenson for a foundation 
for international scientific and techno- 
logical cooperation, an agency similar 
in concept to the FITC, but having the 
power of autonomy enjoyed by the 
National Science Foundation. 

A bill proposing such a FISTC is to 
be introduced into Congress by Senator 
Stevenson within the next few weeks. 
Attractive as the greater autonomy 
may be to some, however, its chances 
of success against the administration's 
FITC proposal, in a Congress increas- 
ingly concerned about public account- 
ability for the use of federal funds, 
remains uncertain. g 
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Cadmium puts UK village at risk 


CADMIUM, a light metal mined with 
with zinc, has been discovered in 
abnormally high amounts in stream 
sediment in the village of Shipham, the 
site of a zinc mine abandoned two 
hundred years ago. The Department of 
the Environment (DOE) has warned 
the villagers not to eat local produce 
and not to smoke and has initiated a 
£70,000 investigation to study the 
effects on health. 

Levels of cadmium found in the soil 
varied from 11 ppm to 998 ppm. The 
accepted safe level is less than 1 ppm. 
Serious, cadmium poisoning occurred 

in Japan from 1962 to 1968 caused by 
levels of cadmium in rice paddies of 
1-50ppm although there were other 
contributing factors in Japan that are 
not present in Shipham—such as dis 
solved cadmium in water. 


Biochemist challenges redundancy 


AN industrial tribunal currently under- 
way in Manchester raises new 
questions on the power of granting 
agencies to make scientists redundant. 
Dr David Pillinger, FRIC, 39, a bio- 
chemist employed at the Christie Hos- 
pital in Withington near Manchester, 
is the first senior staff member of the 
National Health Service to be made 
redundant since 1948. Pillinger's case, 
brought to the tribunal with the aid of 
ASTMS, squarely confronts a compli- 
cated legal issue affecting thousands of 
scientific workers in the UK; who is 
their employer ? Is it the agency that 
provides the money or the institution 
that does the hiring? 

Pillinger was hired in 1962 by the 
Manchester Area Health Authority to 
do cancer research at the Christie Hos- 
pital. At that time there was no special 
category for research workers and 
Pillinger was engaged on the same basis 
as the clinical biochemists and physi- 
cists, with a permanent NHS contract, 
the funding coming from the British 
Empire Cancer Campaign In this 
arrangement the Health Authority pro- 
vides a permanent contract even 
though it does not provide the funds, 
with the understanding that the con- 
tract will’ be underwritten by the 
Authority should outside money dry up. 

In 1972, Professor L. G. Lajtha, 
Director of Research in the Christie 
Hospital’s Patterson Laboratory, 
attempted to bring all research workers 
under MRC short term contracts of 
three to five year duration. Pillinger 
refused to sign such a contract but 
eventually was persuaded in 1973 to 
take a post of unlimited duration on a 
block grant, a form of funding that 


0028—0636/79/02777—0255$01.00 


Shipham water has been tested and 
is "absolutely safe" said Mr Denis 
Howell (a minister in the Department 
of Environment). ‘There is cause for 
concern but not for alarm. It is in 
nobody's interest to exaggerate the 
alarm" said' Howell Local residents 
have known for years that vegetables 
grow yellow in certain locations, and 
there is a local ailment—caHed ''Ship- 
ham tummy’’—which could be a sign 
of chronic cadmium exposure. Long 
term effects are poorly known but 
symptoms of cadmium poisoning are 
diarrhoea, vomiting, stomach pains 
and choking. 

The high concentrations were dis- 
covered in the course of an Imperial 
College geochemical reconnaissance of 
England and Wales begun in 1967. The 
study took 50,000 stream sediments 


covers several different projects. This 
was a hybrid contract in which the em- 
ployer was still the Health Authority 
but the money and pay scales were set 
by the MRC. Says Pillinger, ‘There is 
no doubt, nor has it ever been 
questioned, that,my employer is the 
Area Health Authority.” 

Nevertheless in June 1978, Pillinger 
was told by Lajtha that he was to be 
made redundant. In a letter from the 
MRC Lajtha was told that there was to 
be no reduction in funding for 
Pillinger’s chemotherapy project but 
that the MRC did not feel “that Dr 
Pillinger should continue to be sup- 
ported even though a senior scientist 
is needed” Pillinger pressed Lajtha for 
an explanation and in notes submitted 
to the tribunal quotes Lajtha as saying, 
“I doubt if we will ever be told, since 
the MRC is an autonomous body. It 
does not have to give account to any- 
body for any of the decisions they 
take.” 

The Christie Hospital administration 
is supporting Pillinger. Mr D. C 
Critchley, former Sector Administra- 
tor, was called by Pillinger's counsel, 
Ms Janet Smith, to testify last Monday 
Lajtha, however, is critical of the hos- 
pital administration. Calling Pillinger's 
case a “purely administrative problem" 
Lajtha feels that Pillinger's original 
contract was a case of “administrative 
irresponsibility" and that the old man- 
agement should have made it clear 
that a scientists employment must 
depend on the ebb and flow of grant 
money. Lajtha says that' the MRC 
project grant renewal] did not permit 
him to employ a Senior Grade Scientist 
but only a Grade 2 Scientist (equivalent 


from tributary drainage over the whole 
country during a ten week period in 
1969. A complementary sampling of 
soil and rock was undertaken in 
Shipham to test for the presence of 
elements in areas of poor drainage. 
The high cadmium count found in this 
survey was followed up by sampling 
garden soil in conjunction with 
résearchers from the Westminister 
Hospital Medical School in Spring 
1978. These results were released to the 
DOE last August. 

Dr Тап Thornton, Geochemistry 
Department at Imperial College and 
participant in the original study says 
that Shipham is probably unique. 
Calamine, ZnCO;, was mined in Ship- 
ham whereas in other mines it was 
galena, zinc sulphide. 

Joe Schwartz 


to a Lecturer), When asked why he 
did not make representations on 
Pillinger’s behalf to the MRC Lajtha 
said that he had already presented the 
case to the MRC and that they were 
"fully in the picture". 

Behind the official language of dis- 
missa] and tribunal, however, lies а 
story of research conflict and scientific 
disagreement. In 1969  Pillinger 
returned from a two year stint at 
Columbia University in New York 
where he worked with Ernest Borek on 
tRNA modification by methylation. 
Pillinger began work on this line at 
the Christie Hospital and produced 12 
publications in three years. In 1972 this 
project was terminated by the MRC. 
Lajtha requested that Pillinger start 
work on a model of cancer cell 
proliferation in which tissues were 
hypothesised to produce proliferation 
inhibitors Pillinger's job was to isolate 
the putative inhibitors called chalones, 
The technique used cell extracts in 
water and the fraction of MW of 
around 1000 was observed to inhibit 
cell division. Pillinger was critical of 
this work and thinks that the results 
were artefacts (The cell division assay 
used radioactive thymidine as a marker 
and Pillinger felt that the cell extract 
fraction found' to inhibit division 
probably contains thymidine so that a 
decrease in thymidine uptake was an 
artefact of the preparation.) In 1974 
Pillinger transferred to other work on 
cancer chemotherapy with Brian Fox, 
Head of Experimental Chemotherapy. 
It was on this project grant that the 
MRC found that PilHnger’s services 
were no longer necessary. 

Joe Schwartz 
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UN desert unit to concentrate on national projects 


DISILLUSION with transnational pro- 
grammes to halt the growth of the 
world’s deserts is causing the United 
Nations Environment Programme 
(UNEP) to turn to specific national 
projects, the new director of UNEP’s 
desert unit said last week. 

The director, Jens Hogel, said that 
the criticisms of Professor Mohamed 
Kassas (reported in Nature last week, 
pl67) were “a long step ahead” from 
the original political naivity of the 
1977 United Nations Conference on 
Desertification (UNCOD), which pro- 
posed six giant transnational projects 
based more on scientific optimism than 
political reality. Professor Kassas was 
in fact a major force behind UNCOD. 

UNCOD passed the six projects on 
to UNEP, which then had the task of 
implementing them. Details of the pro- 
jects—which include matters such as 
the management of the massive North 
East African fossil water aquifer—are 
still being drawn up, but, says Hegel, 
“it is better to put our eggs in national 
baskets". 

One such plan is for the establish- 
ment of new industries in arid zones to 
attract populations back on to desert 
margins, These would bring water with 
them and help to stabilise desert move- 
ment. Nine countries— Afghanistan, 
Algeria, India, Iraq, Mali, Mexico, 
Peru, Spain and Tanzania—are sub- 
mitting project proposals to a meeting 
which will take place in Moscow from 
5-8 February. The USSR will provide 
the necessary funding. 

Nevertheless national progress "is 
still going a bit too slow". And while 
many rich northern states “have 
indicated very clearly that they are 
interested" in supporting UNEP’s 
desert work, no money will be forth- 
coming from them until specific pro- 
jects are agreed. 

“But there is no reason for despair” 
says Hogel. It took 30 years from the 
recognition of the problems of develop- 
ment around the time of the second 
world war before effective action began 





“He drinks one, then needs three more to 
forget about the cancer in the first." 
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to be possible through the United 
Nations Development Programme 
(UNDP) and so on. “We have just 
recognised desertification (at UNCOD) 
in October 1977, But it won't take 
three decades now; we have UNEP, a 
new will to succeed, and a tremendous 
pool of international expertise to call 
оп.” 

Nevertheless there is a great deal of 
inertia to overcome. The independent 
Club du Sahel, funded mostly by the 
US and France, was created in 1975, 
"but when I left the Sahel four months 
ago there still wasn't any action”. 

Hogel is adamant that the UN 
organisations have not been "sluggish 
and inefficient" as charged by Pro- 
fessor Kassas. "We are at the top of 
the scale compared with most bilateral 
agencies, and what is more you can't 
lose the United Nation's goodwill.” 
On the other hand, Hogel can see 


bilateral agencies X imperialistically 
forcing their solutions onto the 
recipient countries. “This leads to 
reticence, the resulting institutions 


won't function, and it will breed ill 
will. And the recipient countries hold 
their best people back". 

The approach of UN agencies, like 
UNEP’s desert unit for example, is to 
encourage the individual countries to 
create their own projects, “‘so there is 
no question of imperialism". Further- 
more the UN can call on expertise 
internationally, whereas bilateral 
agencies are limited to the donor 
country. 

In the Sahel however, Hogel re- 
cognises the enormous resources that 
the Club du Sahel can call on—some 
$2,000 million compared with $60 
million in UNEP's Sahelian office— 
“and the beneficiaries are the same". 
The Sahelian population is the worst 
hit and also the poorest desertification 
area in the world. 

The desert unit at UNEP is still very 
small. UNCOD recommended a pro- 
fessional staff of ten, and some think it 
should be larger, but so far Hegel has 





Hogel: supporter of national projects 


himself and five others. Previously 
Нове! was a development manager with 
UNDP in Upper Volta; he is a 46-year- 
old Dane with wide experience in the 
third world. To assist him he has a 
Soviet professor in soil science, a 
Sudanese ex-vice-minister of agricul- 
ture (and a doctor of veterinary 
medicine), an  Afghani programme 
officer, and a Belgian meteorologist. 
The latest recruit is a Malian ex-nomad 
turned sociologist of nomadie popula- 
tions. 

The units work covers the six 
transnational projects, establishing new 
national projects, organising national 
courses on the most basic desert 
management, and map-making. The 
original UNCOD map has been widely 
criticised as impractical, on too small 
a scale, and lacking clear definitions of 
the desertification process. A new one 
at 50 to 100 times the scale (1:1 
million) is being drawn up by Professor 
Harold Dregne at Texas Technical 
University, but it will take two years 
and is already leading to a lot of dis- 
agreement on defining borders, "But 
the footwork needed to arrive at the 
map is very important" says Hogel. “At 
least we ought to know in detail where 
the danger regions аге.” 

Robert Walgate 


German scientists detect carcinogens in beer 


Scientists at the German Cancer 
Research Centre in Heidelberg have 
discovered traces of nitrosamines, one 
of the strongest known cancer inducing 
agents, in beers made in Germany, 
Britain and other European countries. 

A two-year study of 158 beers 
financed by the German government, 
with support from the US National 
Cancer Institute, revealed traces of 
nitrosamines in 70% of the samples. 
The chemical, which is thought to be 


produced by contact with nitrous oxide 
when the beers malt is dried, was 
found in much higher levels than in 
foodstuffs such as pickled meats, ham 
and sausage also included in the study. 

Dark beers and stronger beers con- 
tained higher levels of nitrosamines 
than light beers such as lager and 
pilsner, according to the head of the 
research team, Professor Rudolf 


Preussman. 
David Dickson 
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British Association meets on UNCSTD: As preparations 
mount for the UN Conference on Science and Technology 
for Development (UNCSTD) in August, the British Asso- 
ciation for the Advancement of Science is organising a 
one-day public symposium on March 8 to allow 'non- 
government bodies’ a chance to express their opinions. 
Seven main speakers will put points of view ranging from 
that of the UN, from Guy B. Gresford, who is Deputy 
Secretary General UNCSTD, New York, to the ‘trade 
union view' by Barry Sherman, Director of Research at 
ASTMS. Sir Ieuan Maddock, who will also chair the meet- 
ing, presents ‘a British scientist’s view’, while the multi- 
national companies will be covered by Mrs Doreen Wedder- 
burn of Unilever and chairman of a CBI working group. 
Professor A. H. Bunting (Reading University) and Adrian 
Moyes of Oxfam are scheduled to present the reaction of 
the late-developing countries and the ‘very poor’ to science 
and technology; while Professor Robert A. Shaw, who 
holds the chemistry chair at Birkbeck College, London, 
will speak on the educational consequences of UNCSTD, 
in a talk that will undoubtedly range well beyond its title. 
The BAAS seems confident that the meeting will be both 
lively and useful. With this line-up of speakers and the 
quality of contributions expected from the floor, a forum 
of this kind should be the best way of putting across the 
‘unbiased opinions’—in a BAAS phrase—of British scien- 
tists to the British UNCSTD delegation. (Further details 
from the symposium secretary, 01-734 6010 extension 377.) 


Accident delays European Space 
Launcher: Development flights of 
the European Space Launcher, 
Ariane, have been delayed five 
months due to failure of a safety 
device on 28 November 1978. An 
ignition delay in the combustion 
chamber caused an excess of hydro- 
gen to build up which resulted in a 
"violent ignition", according to 
ESA. The explosion caused exten- 
sive damage to the propulsion 
system requiring the launcher to 
be dismantled and refurbished. But 
initial fears that the stage or pro- 
pulsion design might have been 
responsible were unfounded. An 
inquiry conducted by the project 
team found that a malfunction of 
a hydrogen flow monitor was 
responsible. The new dates for the 
first four development flights are: 
early November, 1979; early March, 
1980; June, 1980; and October, 1980 
(unchanged). The revised schedule 
permits the first operational flight 
to go ahead as scheduled іп 
December 1980. 





US scientists urge further intensive study of Mars and 
Venus: Mars, Venus and the Earth should receive the 
major focus in exploration of the inner solar system for 
the next decade, according to a report published recently 
by the National Research Council, the study section of the 
US National Academy of Sciences. “The comparative 
planetology of these bodies is a key to understanding of 
the formation of the earth, its atmosphere and Oceans, and 
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the physical and chemical conditions that lead to the origin 
and evolution of life", the report says, although it adds that 
the atmosphere-free terrestrial planets, namely Mercury 
and the Moon, are complementary bodies of high scientific 
interest". 

As for further missions to Mars and Venus following the 
Viking missions of 1977 and the current Pioneer missions, 
the report says that studies should be initiated to develop 
the special technology needed for the return of samples, as 
well as in situ experiments. In an "overview" section of 
the report, the committee says it is deeply disturbed by the 
near-term outlook for the US planetary programme, and 
that the struggle in 1978 to obtain approval of the Jupiter 
Orbiter Probe, after a three-year hiatus in planetary 
mission starts, was a reminder that a national policy for 
planetary exploration was still to be defined. 

The report also says that in view of the lack of direct 
and substantial information on Soviet plans for planetary 
exploration, and because of the limited extent of past 
scientific exchanges, “it appears desirable to establish a 
much improved vehicle for discussion of US-USSR interests 
in planetary exploration". 


US to assess environmental impact of foreign projects: All 
US federal agencies must in future prepare an assessment 
of the likely environmental impact of any new project to 
be carried out in a foreign country, following an executive 
order signed last week by President Carter in Washington. 
Projects that could be affected by the order include the 
construction of a nuclear reactor in the Philippines, which 
critics claim to be dangerously near an earthquake fault, 
and US participation in spraying Mexican marijuana fields 
with the herbicide paraquat. 

The presidential order follows almost a decade of dispute 
over whether the National Environmental Protection Act 
of 1969, which requires environmental impact statements 
on federal projects within the US, was also intended to 
cover projects carried out overseas. The Council on 
Environmental Quality has always maintained that this was, 
indeed, the intention of the US Congress in passing the 
Act; in contrast, the US State Department has claimed 
that carrying out such an assessment would be a violation 
of the sovereign rights of other countries. Dr Charles 
Warren, chairman of the Council on Environmental 
Policy said that the order was a response to a growing 
worldwide concern that governments are undertaking major 
actions without enough consideration of the consequences. 


Libyans deny A-bomb intentions: Libyan officials have 
denied charges by the US Federation of American Scientists 
that the country intends to acquire nuclear weapons. 
According to Mr Ahmed Shehati, head of the foreign 
affairs office of Libya's ruling People's Congress, Libya has 
"neither the time nor the potential" to acquire nuclear 
weapons itself, although it believes that the superpowers 
should curb any further transfers of nuclear-weapons 
technology to Israel, South Africa or Rhodesia. The charges 
were made after a trip to Libya two months ago by FAS 
secretary Dr Jeremy Stone. 


Birmingham University challenges smallpox trial: Birming- 
ham University has won leave to apply to the High Court 
to quash its prosecution over the smallpox case, The 
university claims the trial has been prejudiced by the 
premature release of the Shooter report on the incident. 
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No crisis, but save energy, say Soviets 


Vera Rich reports on Soviet energy in a year when nuclear 
generating capacity in the USSR i is to. increase by 50%. · 


During the past year, ‘Soviet energy 
planners have issued a number of 
highlevel denials of anything ap- 
proaching an energy crisis. Since the 
publication of the 1977 report of the 
US Central Intelligence, Agency which 
predicted thdt the Soviet Union 
would become a net importer of 
energy by the late 1980s, considerable 
effort has been put into official denials.. 


And yet іп 1976 a major publicity | 


campaign was launched to convince 
the population of the necessity to save 
energy in all its forms. According to 
official policy, this does not imply an 
energy crisis— is simply intended to 
make people aware of the need to use 
the natural resources of the country 
"rationally". The policy-makers insist 
that sufficient energy resources exist, 
and any temporary set-backs are due 
to the geographical and  logistical 
problems of exploiting them or, 
alternatively, slackness in some vital 
part of the energy industry or its 
auxiliaries. 

Such slackness, even at the highest 
levels, is not to be tolerated. At the 
end of December, the Minister of the 
Coal Industry of the Ukrainian USSR 
was dismissed on the grounds that his 
ministry had been unable to rectify 
the production lag in the coal industry. 
For some years coal occupied a less 
elevated place in Soviet planning than 
other forms of energy, but it now 
appears to have been re-emphasised. 
Prospecting for new coal deposits has 
been going on, not only in the un- 
explored regions of Siberia, but also 
in the European parts of the USSR. 
During 1978, two major new coalfields 
were discovered at Lisichansk and 
Bogdanovskoe іп Ukraine, con- 
veniently close to traditional centres of 
industry. It is hoped both will be fully 
productive by 1985. 

Unfortunately, most major energy 
sources in the Soviet Union are not 
so conveniently placed. The main 
centres of population lie west of the 
Urals; the new oil and gas fields lie far 
to the east. There are clear indications 
that the exploitation of these deposits 
is proving far more costly, both 3n 
money and in time, than was originally 
expected. 

In January 1978, a group of.foreign 
journalists on an official tour of the 
west Siberian oil fields, ‘accidentally’ 
met Sergei Velikopol’skii, First 
Secretary of the Communist Party 
branch at the administrative head- 
quarters of the Samotlor field, the 
largest oil field in the Soviet Union. 
It is true, he admitted, that the output 
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` of the Samotlor field will level off over 
the, next seven or eight years, and will 


then decline, but this wil] be more than, 


Offset by bringing the east Siberian 
fields on-stream. The fact that produc- 
tion from Samotlor will peak’ earlier 
than expected is merely due to the 
extreme climatic conditions en- 
countered in the east Siberian fields. 
In order to meet production plans, 
more oil has had to be taken from 
Samotlor than originally projected for 
the current planning period. 

In spite of the apparently optimistic 
tone of this interview, Velikopol'skii's 
remarks seem to suggest delays in the 
exploitation of the east Siberian fields. 
Permafrost or swampy terram hardly 
provide optimum drilling conditions 
—although in the latter case, there has 
been encouraging progress in the use 
of slant drilling from artificial islands. 
Transporting the oil westwards is, how- 
ever, an even more costly business. 
According to Academician Mikhail 
Styrikovich, it costs about 1 million 
roubles (a rouble is about $1) to lay 
1 km of pipeline in this terrain, while 
the construction of workers’ settle- 
ments costs 50—100% more than the 
construction of similar settlements in 
developed areas. i 

Sometimes, indeed, the logistics of 
oil extraction become ludicrous. At 
the Urengoi gas deposit, not only did 
the base camp have no proper mainten- 
ance facifties for equipment, all fuel 
for motor vehicles and tractors had to 


be hauled some 2000-3000 km, so that . 


the transport costs exceeded those of 
the fuel itself. Only after some con- 
siderable time was it realised that 
motor fuel could be produced on site. 
from the gas self, and an experi- 
mental unit, capable of producing some 
315 tonnes of fuel every 24 hours was 
installed on site. 

Although unwilling to admit to an 
energy crisis, the Soviet authorities do 
admit, under pressure, to having under- 
estimated their production costs This 
January Moscow radio, replying to an 
article in Le Monde which censured 
recent increases in the price of Soviet 
oil to the Comecon block, admitted an 
additional investment cost of 7,500 
million roubles, simply to keep up the 
current level of supplies to Comecon. 
And this, it claimed, was in spite of 
there being no transport cost, since the 
outlay on the "Friendship" pipeline 
had already been recovered. 

Furthermore, comparison of 
official figure for pipeline built during 
the five-year-plan 1971-75 (12,000 km) 
and the amount of large-diameter pipe 


the ' 


bought from abroad (1,000 million 
tons—sufficient to build some 13-15,000 
km of pipeline, depending on, wall- 
thickness), it would appear that the 
pipelines were at that time built largely 


rom imported pipes. (The situation 


may have changed recently, judging 
from complaints last year that, certain 
Soviet factories charged with producing 
the required pipes had failed to do so, 
thus delaying pipe-laying operations). 
Add to this auxiliary technology 
purchased abroad—high capacity com- 
pressor stations (Rolls-Royce), pumps 
for water-flooding techniques (US), 
desulphurisation equipment (France)— 
and the expenditure of precious 
foreign currency reserves must be 
considerable. 

Even the Soviet Union’s "prestige" 
position as major oil supplier to 
Comecon, has been falling since the 
sudden increase of oil prices to the bloc, 
in September 1976 (following pledges 
not to increase). While still paying lip- 
service to an integrated oil and gas 
policy for the Comecon bloc, a number 
of the individual countries are quietly 
pursuing their own alternative plans— 
East Germany the underground 
gasification of coal, Poland a country- 
wide survey for oil and gas resources, 
and Romania an off-shore drilling 
programme. 

However, if the great pipelines, with 
their evocative names of “Friendship”, 
“Brotherhood” .and “Union” are more 
expensive as a means of integration 
than was first hoped, there still remains 
the new electricity link between Vin- 
nitsya in Ukraine and the Comecon 
terminal. at Albertirsa in Hungary. The 


‘Soviet Union has considerable plans 


for expanding generating capacky. 

A unifled power grid for the country 
is. being completed, which would 
obviate any major differences in peak 
and non-peak hours. Since the Sowet 
Union is so wide east to west, there 
is virtually always a peak period going 
on somewhere in the country, to which 
electricity could be relayed from some 
less busy.region, (The possibility of 
cryogenic superconductor transmission 
is seriously under consideration ) 

Speaking on "Power Workers’ Day" 
last December, Petr `5, Neporozhnii,- 
the Minister of Power and Efectrifi- 
cation, told Pravda, that in 1979, the 
generation of eleotric power is to be 
brought up to 1,265 GW, which would 
include an almost 5096 increase in 
nuclear power generation. 

The stress on the ‘nuclear branch is 
not accidental In spite of the unified 
grid,'K would clearly be more con- 
venient to generate electricity close to 
where it is required. 'The major sources 
of fossil fuel for thermal power 
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and oil back to population centres. 


stations, and the large rivers still not 
committed to their full hydroelectricity 
capacity lie far to the east—but a 
nuclear power station in the Soviet 
planners opinion, can be built 
wherever required. 

For the Soviet planners do not have 
to contend with an antinuclear lobby; 
even the dissidents seem to have ac- 
cepted that nuclear power is an 
intrinsic good (unlike the Czech 
Chartists who recently demanded a 
referendum on the whole issue). 

Repeatedly, official spokesmen stress 
that nuclear power stations are safe 
and do no damage to the environment. 
A book published in 1974 to celebrate 
20 years of nuclear power generation 
did, indeed, contain a chapter on 
safety, but this only refers to radiation 
protection within the plant itself. 

The Soviet planners seem convinced 
that no major accident can possibly 
occur, According to one US nuclear 
delegation, which visited the Soviet 
Union in 1970 “Reactor design is based 
on the assumption . . . that there is no 
credible accident corresponding to a 
severe accident excursus or total loss of 
coolant . . . The safety philosophy for 
light water reactors is similar to that 
for the LMFBR's in the USSR. For 
example, a double ended pipe break is 
considered incredible; therefore, no 
separate emergency core cooling 
systems, no containment buildings, no 
ice condensers, and no pressure sup- 
presant chambers are provided". 

With this somewhat casual attitude 
to safety, the Soviet Union is 2mbark- 
ing on a major nuclear power pro- 
gramme. Last year new power sets 
were commissioned at the Leningrad, 
Novovoronezh, Chernobyl and Kursk 


power stations, and at present 13 
nuclear power stations are under 
construction. Set capacity is to be 


Drilling in Siberia (left) is tough enough: then comes the problem of getting the gas 


increased from 440 MW to 1000 MW 
and there is even talk of sets of up 
to 2500 MW being feasible. 

Most of the new stations are RBMK 
uranium-graphite boiling water reactors 
or water-cooled, water-moderated 
reactors. However, the present five- 
year plan commits the economy to the 
development and construction of fast- 
breeder reactors. 

A pilot 12 MW fast breeder was con- 
structed in Leningrad in 1968, and at 
Shevchenko, on the Caspian sea, a 
fast-breeder has been in operation since 
1973. acting as the sole source of elec- 
tricity and water desalination for the 
town. This was the reactor which in 
1974 was observed by US surveillance 
satellites to have been damaged by an 
explosion although, according to official 
Sovie’ sources, their satellites failed to 
record anything amiss and the local 
population "did not even know that 
anything had happened". (Unofficial 
sources, however, reported considerable 
panic). Even when an off-the-record 
comment on the accident can be ob- 
tained, it is always presented as a small 
conventional explosion due to the 
contact of liquid sodium and steam in 
the heat exchanger-—not properly 
speaking a nuclear event at all. 

A second FBR being built at 
Beloyarsk was originally scheduled to 
be completed in 1973, but will probably 
be commissioned this year, Both these 
FBRs are uranium-based, but accord- 
ing to Mikhail Troyanov, Deputy 
Director of the Institute of Physics and 
Power Engineering “we see no difficulty 
in moving to plutonium. After 1990, 
breeders should be built in the USSR 
in large numbers", 

Not only are the Soviet planners 
prepared to site power stations in 
centres of population; they are equally 
ready to use nuclear power to provide 
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district heating, and as an industrial 
steam source. One such system is 
already operating at Bilibino on the 
Chukotka peninsular, Most com- 
mentators assume that such installations 
would be a combined source of electri- 
city and heat, but mention has also 
been made of a special low-tempera- 
ture, low-pressure water cooled reactor 
which could deliver 500 MW heat but 
no electricity, and which could possibly 
go into production at the beginning of 
the 1980s. 

Against this background of ex- 
pansion, there is a constant drive for 
more and more fuel economy. A 
number of less conventional energy 
sources are under  invesugation— 
windpowered generators are already 
being manufactured for use in the 
sheep-rearing areas of Moldavia and 
the far north, and the possibility of 
constructing solar power stations in the 
arid steppe is receiving serious atten- 
tion. At the Institute of High- 
Temperature Physics, research is going 
forward (with US cooperation) on 
MHD generation as a means of 
utilising fossil fuels more efficiently. 

The Far Eastern Science Centre is 
working on the possibility of using 
geothermal heat-——in accordance with 
high level directives that they should 
devote their main attention to the 
problems and potentialities of their 
own area. 

In spite of the expected advent of 
the supergrid, the possibility of pumped 
storage stations has not been over- 
looked, and the construction of such a 
station at Zagorsk was begun last 
September. And. since the fuel-saving 
campaign was inaugurated in 1976, 
(it was intensified in September 1978) 
there has been a constant discussion in 
the media of possible means of 
economising. These range from the 
domestic—one appeal on television to 
turn off unnecessary appliances is said 
to have saved 10 MW in a single hour 
—to new means of using fuel. The 
latter range from genuine savings--such 
as the saving of "more than 17%” of 
all thermal energy needs at the Keme- 
rovo fertiliser works by using the heat 
from exothermic reactions, to advice 
about burning maizestalks or wood- 
chippings, which seem more a sym- 
bolic gesture than a piece of practical 
economy. 

Nor is the energy indusiry prepared 
to shoulder all the burden. One letter 
to Pravda from a manager in the 
Leningrad power industry suggested 
that it is not the power workers who 
should think of energy-saving, but the 
architects and desig Their 
“window-mania™ of the j 
he claimed, has caused unnecessary in- 
creases of up to 60°, in the cost of 
heating living and working 
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Short term contracts 


Sm,—It is sad that three recent articles 
(23 November, 310; 28 December, 
ges 743 and 745) on the difficulties 
acing research workers in universities 
have induced little dialogue in your 
correspondence columns. It has been 
our association’s experience that there 
are at least two reasons for such a lack 
of response: (a) research scientists are 
often isolated in departments with a 
high percentage of tenured staff and 
think that protestation would have 
little or no effect; (b) many fear that 
if they do step out of line and “эреак 
out" they will not only jeopardise their 
present job but will find it even harder 
to secure another. Presumably, it is 
because of this that the present 
appalling situation has been allowed 
to develop. We therefore would like 
to appeal to all researchers to start 

g positively, join a union and 
become active In it, join our 
association Cf appropriate), or form 
an association and write to your MP, 
asking for an inquiry. We demand to 
have a career structure in research 
with some prospect of security so that 
RD УШ cometo Бо eee 
as an attribute and not a liability 

ARLEEN UNGER 

ARMS, London, UK. 


Sollas and the Sherborne bone 


Siz,—I would like to correct the record 
of the Sherborne engraved bone 
controversy, unfortuna 
misrepresented in Dr L. B. Halstead's 
account of the late Professor Douglas's 
шретесоо linking Sollas with the 

tdown hoax (2 November, 11). 
Douglas’s story reveals nothing fresh 
except his own assumption that Sollas 
kept quiet about a ‘hoax’ at Sherborne 
School (Dorset) so that Smith Woodward 
might make a fool of himself; the rest 
is a tendentiously garbled summary of 
Bayzand’s evidence inst the bone 
in Nature 117, 233; 1926, confounded 
with facts stated by Smith Woodward 
himself (Nature, 117, 86; 1926). 

Dr K. P. established in 1957 
that the piece of bone was ancient and 
consistent with an Upper Pleistocene 
date. It is clear to the naked that 
it is semifossilised, as Smith Woodward 
claimed in his reply (Nature 117, 86) 
to Sollas’s denunciation in Ancient 
Hunters (1924). Sollas (Nature 117, 233) 
was nonplussed by this claim and 
attempted to parry it with an ignorant 
remark betraying that he had never 
scen the object. Neither had Bayzand! 
Had he done so he could not have left 
Sollas in ignorance of a fact so vital to 
any assessment of a schoolboy hoax, or 
failed to investigate an ostensible fake 
of extraordinary ingenuity, as his 
wholly imprecise charge shows It is 
impossible to resist the conclusion that 
Bayzand heard a story, true or false, 
and simply did НА at all—until 
1914, as he hintself tells us, when 


Smith Woodward's paper a 
(О. Л. Geol. Soc., 70, 100-2). 
It is generally supposed that Sollas and 


Bayzand were left with the last word, 
for Гоша evidently believed them, as 
did the late Joseph of Sherborne, 


whose ‘exhaustive but uncompleted 
research led to my own interest in the 
affair. There was, however, a third 
letter in Nature (117, 341-2; 1926) only 
weeks later, from the su hoax 
victim, R. E. Steel, who i 
apologising for Bayzand's havin n 
misled by senior boys who had 

unable to credit such a find by two 
14-year-olds, Arnaldo Cortesi and Phili 
Grove, in their first weeks at the school. 
His account of the circumstances of 
discovery, corroborated by a former 
pupil who had recognised the character 
of the engraving and prevented Cortesi 
from throwing it into the day-room fire, 
and the aptness of the alleged site 
(thereupon efficiently investigated by 
Steel), are entitled to respect. 

The question remains whether there 
was anything more than school rumour 
in the story Bayzand treated so casually 
but with such disastrous consequences 
for a potentially rare and interesting 
find. Was the engraving nevertheless 
faked. and if so, whence came the 
material and expertise? One can imagine 
Douglas’s answer—one that would at 
least make sense of his otherwise forced 
analogy between Sherborne and 
Piltdown—but I hope shortly to deal 
more fully, in Antiquity, with this and 
other aspects of this curious tale. 

R. A. H. Farrar 
Royal. Commission on Historical: 
Monuments, 
London, UK. 


Seveso 


Srg,—Professor Garattini and Dr M 

of the Istituto di Ricerche 
Farmacologiche Mario Negri, Milan, 
have accused me of underestimating the 
possible damage to human health 
caused by the Seveso accident (7 
December, page 556). 

I took on the assessment of the 
damage to health caused by the accident 
because I had been y involved 
from the beginning in protection and 

revention measures for the injured and 
or those still exposed. 

I played an important role in the 
decision to evacuate the po tion of 
Seveso. This has been sta in several 
books.on Seveso and in officia! 
documents in my on. I never 
expected that readers of my papers 
would accept on t my assezament of 
the consequences of the accident on the 
health of the population, and I have 
therefore always based my reports and 
conclusions on documents!'^!* which 
cannot be accused of prejudice in my 
favour. The great majority of these 
authors are either members of the 
Epidemiological Medical Commission of 
the Lombardy Region in Milan (of 
which Professor Garattini has been a 


member since its beginning) with 

ility for the health surveillance 
of the population, or of the Advisory 
Scientific Committee to the Italian 
Government in Rome for the Seveso 
accident (Commissione Cimino). 

They have been (and still are) 
confronted with one of the most 
difficult and tricky problems in 
medicine. They have mastered the 
emergency with courage, skill and 
competence. The dermatological 
screenings carried out by them on 
32,000 schoolchildren have no precedent 
in the history of clinical toxicology. I 
trust their reports to be accurate, 
meticulous and unbiased. 

Nevertheless I may have overlooked 
or missed data available to Professor 
Garattini and Dr Manara which would 

ve me wrong. I therefore ask 
Profesor Garattini and Dr Manara to 
make any such data known immediately, 
because only then (and not by saying that 
I am biased) will it be possible to 
evaluate the damage. 

About 5.000 people are still exposed 
to levels of TCDD which, while 
admittedly lower than those of past 
cases of occupational exposure, could 
represent a potential risk. If my 
conclusions are wrong, we have a moral 
obligation to take protective measures 
immediately to prevent any further 
damage to this population. 

G. REGGIANI 


Hoffmann-La Roche 


1 Environmental Health Criteria for Tetro- 
chlorodibenzodioxine WHO Technical 
Report Series 5, 1977 


2 Giovanardi, A  Procoedings of the Tapera 
Moeting on the problems raised by D 


976 
4 ber Ө M Riport Him sullo stato 
ага, a о prelimtpare o 
di salute nella rona inquinata da TCDD 
Quaderno di Documentazione 28 5 1977 
5 Fara, G М. Seveso. Studies on teratogenic 
and other chronic effects of chemical 
pollutants following an асскісп in t 
chemical plant. Symposium on Detection 
of Teratogons Sth Int Conference on Birth 
Defocts Montreal, 21 Au 1977. 


aspects. 

of polychlorinated 
dibenzofurans International Agency for 
Cancer Internal Technical 


t 

carbons New York Academy of Scienoos, 
24-27 June 1978 

8 Puccinelli, V. er af. Skin disorders m the 
Scvoso aroa after the accident at the Icmesa 
plant Reports to the Chloracne Panel of 
the Commission of the European Com- 
munities Directorate for Employment and 
Social Affairs Division of Health and 
igi Os Milan, 11-12 July 1977, January 
and May 1978 


9 Dioguardi, N. Critical consderations two 

after the accidental pollution of 

$оуев. Pree Seminer ‘July 1976-ЛШу 

Analysis and evaluation òf the 

consequences of pollution by TCDD ‘and of 

the pubue policies adopted two years after 
comesa disaster 2 July 1978. 
Parllamen 


1976 Fare heann ^ i 
exposed іо e contamination. 
Rome, July 1978. 
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news and views 





from Brigid Hogan 


More than 90% of people who die of 
cancer are killed by  metastasising 
tumours of epithelial tissues. These 
malignancies do not develop rapidly, 
but evolve over one or two decades 
through stages in which there is in- 
creasing disorganisation of the epi- 
thelial layer and its association with the 
underlying stroma. Studying this latent 
period is like piecing together a com- 
plex and tantalising jigsaw puzzle; 
complex, because the pieces represent 
all the agents such as hormones, 
growth factors and tumour promoters 
which affect the proliferation, organis- 
ation and differentiation of epithelial 
cells; tantalising, because we obviously 
still lack many of the vital pieces 
needed to complete the picture and so 
perhaps learn how to intervene thera- 
peutically between the initiating event 
and the final malignant state. One 
piece of the puzzle are the retinoids, a 
class of compounds based on vitamin A 
which for a long time has been known 
to have profound effects on many epi- 
thelial tissues. 


Retinoids in organ cultures 

The effect of retinoids on epithelial 
cells has been studied for many years. 
In young animals vitamin A deficiency 
results in the transformation of simple, 
ciliated, mucous-secreting epithelia 
(such as those found in the respiratory 
and genital tracts) into multilayered, 
non-secretory keratinised epithelia, a 
process known as squamous meta- 
plasia. The change can be prevented 
(or reversed) by adding retinoids at 
concentrations down to about 107° M 
(see Clamon er al. Nature 250, 64; 
1974, for the standard assay using 
pieces of trachea from vitamin A- 
deficient hamsters) With higher con- 
centrations of retinoids the tracheal 
cartilage starts to break down and pro- 
teases and hydrolases released from the 
chondrocytes begin to digest away the 
matrix. This response is usually con- 





Brigid Hogan is at the Imperial Cancer 
Research Fund Laboratories, Mill Hill, 
London. 
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sidered to be simply the result of the 
detergent-like action of high concen- 
trations of polar retinoids on the cell 
membrane, but others might argue that 
it reflects a physiological response of 
chondrocytes, important in tissue re- 
modelling during early development. 
Of the natural retinoids, retinoic acid 
is the most effective in reversing 
squamous metaplasia and can be given 
in much higher doses as it is not stored 
in the liver. 

Almost nothing is known about the 
way in which retinoids mediate their 
effect on epithelia. For example, they 
could act on the epithelial cells 
directly, or indirectly by provoking 
signals from the underlying stromal 
cells. It is possible that, like the 
steroids, the retinoids have to enter the 
cell to be effective; several cytoplasmic 
retinoid-binding proteins have been 
isolated from a variety of whole 
organs, and the affinity of one of these 
proteins for different analogues cor- 
relates with their effectiveness in pre- 
venting squamous metaplasia in organ 
cultures (Chytil & Ong Nature 260, 
49-51; 1976). 


Retinoids and carcinogenesis in vivo 

One of the most exciting new ideas in 
the study of retinoids is the possibility 
that they can intervene in the process 
of epithelial carcinogenesis in vivo. 
Several months after giving a dose of 
carcinogen to experimental animals, 
the target epithelium shows areas of 
disorganisation, ranging from hyper- 
plasia (increased mitotic rate of the 
basal cells), squamous metaplasia and 
papillomas, to increasingly invasive 
carcinomas. A number of groups have 


wiles 


reported that feeding the animals high 
doses of retinoids after the carcinogen 
treatment reduces the severity and 
often the incidence of the lesions in a 
variety of epithelial sites (for example, 
bladder, lung and trachea) (for re- 
ference, see Sporn er al. Fed. Proc. 
35, 1332; 1976). In these experimental 
systems, retinoic acid has proved to be 
more effective than other natural vita- 
min А derivatives. (Some workers 
have reported that retinoids have no 
effect on tumour incidence, but Sporn 
has argued that this is because retinol 
derivatives that can be removed from 
the circulation and stored in the liver 
were used) The action of retinoids 
therefore seems to be exactly opposite 
to the effect of tumour promoters-— 
naturally occurring chemicals like the 
phorbol esters which do not themselves 
cause cancer but increase the rate at 
which tumours appear in response to 
carcinogen treatment (see News and 
Views 270, 659; 1977). The retinoids, 
in other words, seem to be acting as 
'anti-promotors', But before readers 
run off to order mega-doses of retinoic 
acid, it must be stressed that the story 
is by no means simple, and there are 
reports that retinoids can enhance 
tumour growth, although in these cases 
the vitamin derivative was applied in 
high and possibly irritant doses to the 
skin rather than included in the diet 
(Polliack & Levij Cancer Res. 29, 327; 
1969: Polliack & Sasson  /. nam. 
Cancer Inst. 48, 407; 1972). 


Retinoids and in virro cell cultures 

The problem with studying the action 
of retinoids in vive or in organ culture 
is that there are too many pieces to the 
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puzzle. One way round this is to look 
at the effect of retinoids, either alone 
or in combination with purified growth 
factors and tumour promoters, on cell 
lines in culture, when there is only one 
target cell type. For example, retinoids 
can be sbown to restore anchorage- 
dependent growth to some transformed 
cells (Dion et al. Expl Cell Res. 117, 
15; 1978) and inhibit the growth of 
melanoma cells (Lotan et al. J. natn. 
Cancer Inst. 60, 1035; 1978). 

In a recent paper, Todaro et al. 
(Nature 276, 272; 1978) reported that 
retinoids inhibit the mitogenic effect 
of sarcoma growth factor (SGF) on a 
line of untransformed rat fibroblasts. 
Earlier studies had shown that SGF 
production is switched on when cells 
are transformed by murine sarcoma 
virus. The polypeptide seems to pro- 
mote cell division (either in the same 
cells or in other, normal lines) by bind- 
ing at the plasma membrane to the site 
normally awaiting the arrival of epi- 
dermal growth factor (in spite of its 
name, EGF promotes cell division in a 
variety of ‘fibroblast’ cell lines as well 
as in epithelial cells) It has been argued 
that tumour promoters mimic SGF 
and EGF by short circuiting the mem- 
brane-intracellular effector signal sys- 


tem (Lee & Weinstein Science 202, 
313; 1978), and the results of Todaro 
et al. suggest that the retinoids may 
block the circuit altogether. Although 
still very speculative this model ac- 
counts for the opposite effects of 
retinoids and tumour promoters in vivo. 

As usual though, things are not as 
simple as they seem and far from 
antagonising the effect of various pro- 
moters, it seems that retinoids can act 
like promoters in certain systéms. For 
example, Wilson and Reich have re- 
cently described a culture system in 
which retinoids act synergistically with 
phorbol ester and Rous sarcoma virus 
in stimulating plasminogen activator in 
chick embryo fibroblasts (Cell 15, 385; 
1978). Plasminogen activator is an 
extracellular protease which is assayed 
in vitro by its ability to digest a flbrin 
clot, but very little is known about its 
role in fibroblast behaviour in the 
whole animal. It seems very likely, for 
example, that the enzyme is important 
in tissue remodelling during growth 
and wound healing. Until more is 
known about the effect of retinoids on 
these processes in vivo, Wilson and 
Reich argue for caution in interpreting 
all results according to a simple model. 

Indeed, the same issue of Cell adds 


Free-electron lasers 


from J. D. Lawson 


Sources of incoherent radiation have 
been familiar since scientific enquiry 
began; the generation of coherent 
radiation, on the other hand, is a 
relatively recent achievement. Fifty 
years ago, coherent radiation with 
frequency up to about 10'Hz was 
available, and in common use for radio 
transmissions. More recently, however, 
a serles of inventions, culminating in 
the laser, have pushed the frequency 
up by many orders of magnitude to the 
ultraviolet region of the spectrum. 
Devices invented during the past 40 
years include the klystron, cavity mag- 
netron, travelling wave tube, ubitron, 
ammonia maser and, at higher frequen- 
cles, the optical laser and free-electron 
laser. All depend on the stimulated 
emission of photons. If the photons 
interacting with the charges are real, 
they constitute a radiation field, and 
the device may be termed a ‘laser’. In 
some systems the electrons are essen- 
tially free, or move in orbits determined 
by external magnetic fields; in others 
they are bound to atoms in gases or in 


J. D. Lawson is with the Technology 
Division of the SRC Rutherford 
Laboratory. 


solids. Some devices require a quantum 
mechanical description, whereas others 
do not. The first analysis of the free 
electron free-electron laser was in 
quantum mehcanical terms, but clas- 
sical theory is sufficiently accurate and 
is now always used. 

The operation of two systems de- 
scribed as free-clectron lasers has been 
reported, one at Stanford University 
(Deacon et al, Phys. Rev. Lett. ‘38, 
892; 1977) and the other at the Naval 
Research Laboratory, Washington 
(McDermott et al., Phys. Rev. Lett. 41, 
1368; 1978) These devices operate in 
different regimes, and both form an 
interesting link between conventional 
lasers and microwave tubes, 

In most microwave generators the 
beam interacts with single mode cavi- 
ties, or with structures carrying a slow 
wave with longitudinal phase velocity 
close to that of the electrons. Such 
cavities and structures are limited to 
transverse dimensions of less than 
about a wavelength, and this imposes a 
lower wavelength limit of a few milli- 
metres for reliable devices with useful 
power output This limit may be 
avoided by making use of interaction 
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another facet to the problem of retinoid 
action in the form of a paper by 
Strickland and Mahdavi on the effect 
of retinoids on the differentiation of 
murine teratocarcinoma cells in vitro 
(Cell 15, 393; 1978). These authors 
claim that retinoic acid promotes the 
differentiation of F9 embryonal car- 
cinoma cells into parietal endoderm 
cells, which normally synthesise plas- 


.minogen activator and large amounts 


of basement membrane material. Simi- 
lar results have been observed in M. 
Sherman's laboratory using a variety 
of synthetic analogues of retinoic acid 
(Jetten & Jetten Nature, in the press). 
Although the results suggest that 
retinoids can increase the (normally 
low) probability with which F9 cells 
switch to endoderm, the possibility that 
they are increasing the survival of 
endoderm cells formed ‘spontaneously’ 
in the cultures has not yet been com- 
pletely eliminated 

Meanwhile, readers who find these 
multifarious results too  indigestible 
might ponder on a paper by Graham 
et al. (J. natn. Cancer Inst. 61, 709; 
1978) who report a lower risk of cancer 
of the colon and rectum associated 
with high intake of green vege- 
tables. Г] 


with a ‘fast’ electromagnetic wave, 
which has phase velocity equal to or 
exceeding that of light. Such inter- 
action necessarily implies a velocity 
difference between wave and particles; 
although not synchronous, coherent 
interaction can nevertheless be obtained 
by modulating the orbit of the elec- 
trons This principle (Gorn U.S. Patent 
2, 591, 350, filed 1947) has been used 
in the ‘ubitron’ millimetre wave gen- 
erator, (Phillips, ITED, ED-7, 231; 
1960), and the free electron laser 
represents a special application for 
relativistic electrons when the fast 
wave is essentially a plane wave travel- 
ling along the axis. I shall now describe 
the Stanford scheme. 

Suppose that a circularly polarised 
light wave of wavelength A travels in 
the z-direction. A particle travelling 
along the z-axis experiences a trans- 
verse force which rotates with angular 
velocity proportional to the difference 
between the electron velocity and the 
light velocity. If now a twisted trans- 
yerse magnetic field of periodicity D is 
introduced on the axis (with field 
vectors corresponding to the edge of 
the stairs in a spiral staircase) the 
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particle is constrained to move in a 
spiral orbit If this spiralling is syn- 
chronous with that of the electric 
field vector as ‘seen’ by the particle, 
then coherent ‘interaction and con- 
tinuous energy transfer is possible. For 
highly relativistic particles moving in a 
helix of radius r €&D, simple geometri- 
cal arguments show that 
À ы 1 шашу 
D"3p|! p: 

where уос! is the electron energy and 
y>1. Thus, for reasonable values of 
D, (a few centimetres), and y of order 
50-100, coherent interactions may be 
obtained in the infrared or optical 
region. Freedom from the limitations 
of slow-wave systems has, however, 
been bought at the expense of a 
relatively weak interaction. This is 
because the electric field is almost 
perpendicular to the particle orbit. 

A beam of electrons moving at ap- 
proximately the synchronous velocity 
exchanges energy with the wave; if the 
average particle velocity is slightly 
greater than the synchronous velocity, 
energy transfer from the particles to 
the wave is possible. Two regimes may 
be distinguished, the low current 
regime in which the wave interacts 
essentially with individual particles, (as 
in an accelerator) and a high-current 
high-gain regime where the plasma 
oscillation frequency in the beam is no 
longer negligible, and the interaction 
is with a space-charge wave travelling 
on the beam. The Stanford and Co- 
lumbia-NRL lasers referred to earlier 
operate respectively in these two 
regimes, which can be described in 
quantum language in terms of Comp- 
ton and Raman scattering. 

The first demonstration of the inter- 
action mechanism outlined above was 
by Madey and his team at Stanford in 
1975 (Phys. Rev. Lett. 36, 717; 1976). 
Making use of the superconducting 
linac there, which is able to provide 
a continuous succession of short high 
quality pulses of electrons, amplifica- 
tion of 10.6 um radiation from a CO; 
laser was demonstrated. The twisted 
magnetic field of 0.24 Tesla was pro- 
vided by a superconducting bi-filar 
helix, of 5m total length. This expert 
ment was followed in 1977 by a further 
demonstration, using the same magnet 
and accelerator, of a laser oscillator. 
Mirrors 12.7 m apart were placed sym- 
metrically about the helix, and the 
electrons were steered by magnets to 
avoid them at either end. A mean 
power of 0.36 W was measured, cor- 
responding to a peak power of 7 kW 
during the pulse. The wavelength 
was 3.14 um, and the Hnewidth of 
0.23% was determined essentially by 
the very short pulselength of 4 pico- 
seconds, ` 
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Such a laser has the very attractive 
feature that it can be tuned by varying 
the electron energy. Unfortunately, 
however, the apparatus required is ex- 
pensive, and the overall efficiency is 
low. Furthermore, the linewidth is 
rather -broad for spectroscopic applica- 
tions The use of a storage ring to 
recirculate the beam and thus raise the 
efficiency has been suggested. Unfor- 
tunately, passage through the laser 
induces energy spread in the beam and 
this greatly reduces the efficiency on 
subsequent transits. Whether, and if so 
how, this effect can be overcome is 
still a subject of active debate. 

It is too early to forsee what the ap- 
plications of this type of laser will 
ultimately be. More study, both experi- 
mental and theoretical, is required 
before realistic assessments of power 
and efficiency limitations can be made; 
the gain decreases rapidly as y in- 
creases and it remains to be seen just 
how the various technical constraints 
conspire to produce a lower wavelength 
limit. Experiments are difficult, and 
progress may not be rapid. 

The laser recently described by 
groups at Columbia University and the 
Naval Research Laboratory, operates 
in the collective regime. A rippled 
solenoidal magnetic field is used, and 
interaction is with the slow, negative 
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energy space-charge wave on the elec- 
tron beam. (The system may be viewed 
in a frame of reference moving with 
the electron as a parametric amplifier, 
in which the rippled field and space- 
charge waves play the part of pump 
and idler.) The current in this laser is 
25 kA, (about 10‘ times that in the 
Stanford laser), but the energy is much 
lower, corresponding to y=3.2. 1 MW 
pulses of radiation of length 20 ns and 
wavelength 400 дш were extracted 
through the hole in one of the mirrors. 
This is not the first observation of 
microwave power from intense relati- 
vistic beams in a rippled field; it is 
however the first time that a laser 
cavity has been used to provide feed- 
back and enhance the output. The 
spectral bandwidth was 2%; this arises 
from the difficulty of maintaining con- 
stant beam conditions during the pulse. 

Whatever the final applications of the 
radiation from these devices, (a topic 
not discussed in the papers quoted), 
they form а promising addition to the 
available range of submillimetre gen- 
erators. The latest volume of ‘Physics 
of Quantum Electronics’ (5, Addison- 
Wesley, Reading, Massachusetts, 1978) 
devoted entirely to this field includes 
an interesting variety of points of view 
of the theory, and a historical] sum- 
mary. о 


Contractility of the roots of flagella and cilia 


from Michael Sleigh 


A HIGH proportion of the basal bodies 
of cilia. and flagella bear striated roots 
and/or bundles of microtubular fibrils. 
In the absence of clear evidence for 
any other function it has been assumed 
that the purpose of these attached 
fibrous structures is to provide a firm 
anchorage for the ciliary base, so that 
the propulsive activity of the ciliary 
shaft can be exploited to the full. How- 
ever, large striated roots are present 
not only on mechanically active cilia 
and flagella, but also on such sensory 
cilia as those in the rod cells of the 
vertebrate retina, where anchorage of 
the ciliary base would not seem to 
require such a large root structure. 
The recent report by Salisbury and 
Floyd (Science 202, 975; 1978) that the 
striated roots of flagella of the: algal 
flagellate Platymonas undergo a cal 
cium-induced contraction should pro- 
voke further investigation of these 
structures. 

The variation in the spacing of the 
major bands of striated roots has 


puzzled some electron microscopists for 
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about 20 years; not only is there a 
wide range of periodicities in different 
species, varying between about 12 nm 
and about 200 nm, but there are also 
variations within species of between 30 
and 60nm in Trichonympha (Pitelka 
& Schooley J. Morph. 102, 199; 1958) 
and between 13 and 25nm in 
Naegleria (Simpson & Dingle J. Cell 
Biol. 51, 323; 1971) Many authors 
noted a superficial similarity to cob 
lagen in the periodicity and appear- 
ance of these fibres, since in many 
cases periodicities of between 60 and 
70nm with several intraperiod bands 
were found, but the detailed banding 
pattern is different and a biochemical 
analysis of roots from mollusc cilia by 
Stephens (J. Cell Biol. 64, 408; 1975), 
revealed the presence of a novel type 
of protein (ankyrin) that could be 
separated as a doublet with molecular 
weights of 230,000 and 250,000. Each 
striated root is composed of a bundle 
of longitudinal filaments about 5 пт 
thick, sharing the common banding 
pattern. 

The two striated roots of Platymonas 
pass from the basal body complex at 
the base of an anterior depression of 
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the cell across the centre of the cell 


close to the nucleus and terminate near 
the plasmalemma at the posterior end 
of.the cell. The periodicity of these 
roots ranged from an extended. spacing 
of 180 nm fo, а contracted spacing .of 
about, 60nm. The longitudinal fila- 
ments. were not visible ın contracted 
roots, which were substantially. (3096) 
fatter than extended . roots, The- ex- 
tended pattern was scen in cells fixed 
after washing in artificial. seawater 
lacking. calcium or after washing in 
solutions containing EGTA, while the 
extreme .contracted pattern was seen 
in cells treated with artificial seawater 
containing 2mM CaCls several other 
divalent cations were partially effective 
in causing contraction. Living cells’ ob- 
served in artificial seawater containirig 
both 2mM CaCl and 5mM. ATP 
could be seen ‘using the light micro- 
scope to undergo cyclic. dimpling ‘of 
the cell surface at sites of root üttach- 
ment, and’ fixed ; cells from .such 
éxperjments showed intermediate 
periodicitie ; This cyclical contractile 
activity of the striated roots is of par- 
ticular interest, but the authors do not 
state its frequency; nor whether it 
coincides with any phase of the flagel- 
lar. beat cycle. It is also of interest 
that the extetnal application of ions 
and ATP is adequate to stimulate the 
contractile response in intact cells. The 
fully extended roots may be abnormal, 
sincc seawater contains calcium ions 
equivalent to about 10 mM CaCk. 
,Salisbury a and Floyd suggest, that the 
contraction’ of flagellar roots of Platy- 
топаз may have a function in the co- 
ordination or directional control of 
flagellar beating. This is interesting 
because in Chlamydomonas the two 


flagella are inserted- at an angle, with. 
the two basal bodies forming a V and. 


a thick striated fibre (periodicity about 
80nm) connecting the upper parts of 
the -two- basal! bodies (Ringo J. Cell 
Biol 33, 543; 1967). The: response of 
Chlamydomonas .to stimulation with 
calcium ions is a narrowing of the 
angle between the two: basal bodies, 
perhaps: by contraction of .the thick 
striated fibre, and a transition from a 
*breast-stroke' (cilium-like) beat. that 
produces forward swimming to sym- 
metrical undulations of the. more 
parallel flagella that. cause backward 


swimming (Hyams & Borisy J^ Cell Sci-: 


33, 235; 1978)..It is also riot impossible 


that. the ciliary ‘reorientation. associated . 
with the calcium-induced beat reversal . 


of., Paramecium could . be . associated 
with: a' contraction of the striated 
kinetodesmal rootlets п J. gen. 
Physiol. 151, 85; 1968)... : 
Contractile activity: ot the:-striated 
roots of flagella and cilia of protists is 
in itself-of' interest; but if the. striated 
roots of cilia in‘ general are contractile, 
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this finding could have wide implica- 
tions,. not least for sensory; physiol- 
ogists. For example, in the, rod cells of 
the human eye a large striated root. is 
attached to the basal body ofthe, short 
cilium that connects the light;sensitive 
outer segment to the inner segment 
which’ leads to the sensory nerve; this 
root penerates deep into the inner seg- 
ment and ends in close contact „with 
the plasmalemma of the inner segment. 
Some years ago Matsusaka (J. Cell 
Biol. 33, 203; 1967) showed histo- 
chemically that the ciliary roots in 
human rod cells possess ATPase acti- 
vity. It may not therefore, be too rash 
to, speculate that. the striated roots of 
the cilia in rod cells шау, be, capable 
of contraction and that the cilium and, 
its contractile root may be concerned 
in the transmission of information 
from the photoreceptive membranes of 
thé oliter segment to an electrically 
excitable membrane of the inner 
segment. Y ...U 
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Médiaeval meteors 


from David W. Hughes 


ASTRONOMICAL historians have been 
doing well “during the past year, 
one of the high spots being the solution 
of a famous longstanding problem. No 
report had come to light in Europe and 
the, Near East of any observations of 
the Crab supernova explosion which 
the Chinese apparently saw with great 
сазе; it was first recorded on 4 July, 
1054 and was so bright that it could 
be seen during the day-time for 23.days. 
K :Brecher, E. Lieber and A. E. Lieber 
solved. this puzzle (Nature 273,: 728; 
1978). by finding a reference..to the 
supernova in a biographical encyclo- 


paedia of physicians written in about 


1242 by Ibn Abi Usaybia. The com- 


pier told how Ibn Butlan, a‘ Christian ` 


physician, had seen the supernova when 
he was staying in Constantinople and 
Һай: regarded it as being the cause of 
an' epidemic which lead to the death of 
many thousands of people at that time. 

-A less newsworthy but more typical 


example of the work of the astronomi- 


cal historian has been published 
recently i in the Journal for the History 
of Astronomy (9, 123; 1979). Umberto 


Dall’Olmd has scoured the European 


annals and chronicles that have been 
collected in the Monumenta Germaniae 
historica and the Rerum Italicarurn 
scriptores and has compiled a list of 

the 
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attractions of 


meteorites, meteors and meteór 
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showers- that occurred before 1500 ap 
and were regarded as being of sufficient 
importance to be recorded for posterity. 

Dall’Olmo emphasises that his list is 
by no means complete. First it is 
obvious that many ,events went un- 
recorded. Second it is a hopeless task 
to examine all the historical and 
literary texts which -mention азіго-, 
nomical events. The discovery of the 
Arabic record of the Crab supernova 
nearly a millenium after its occurrence 
is ample evidence of that. 

Considering these facts it is fair to 
ask if lists of ancient astronomical 
cvents are of any use to the present 
astronomical community. The answer is 
an unequivocal yes The period of 
accurate photographic and telescopic 
observations is so short in comparison 
with the age о? civilisation, never mind 
the age of the Earth, that anything that 
extends this period is worthwhile. For 
this .reason alone people have been 
searching for Tecprds, of solar, and lunar 
eclipses, comets, aurora, sunspots and 
meteoric phenomena, In .the specific 
field covered by Dall'Olmo the occur- 
rence,. strength and date of meteor 
showers are vital parameters in a study 
of the perturbations that the causative 
meteor streams suffer d g their life- 
time in the Solar, S "Meteor 
streams are moved. by the gravitational 
the major planets and 
obviously can be detected from Earth 
only when the stream crosses the 
Barth's orbi. 

"Ihese ancient records also provide 
a fascinating insight into.the interests 
and priorities of the astronomers of 
the time. Meteors were regarded as 
ominous omens, but due to their brief 
duration they were ‘only minor omens 


in comparison with solar eclipses and 


comets. A great shower in March 763. 


was interpreted as ‘a ' forecast of the 
end of the world’. On 17 October, 855 
meteors shot westward across the sky 
all night and ‘for this reason Erhperor 
Hlotarius prayed, neglecting all his 
affairs’. Man's great desire to link cause 
and effect is illustrated by the account 
of the fireball seen on 11 August, 1353 
which left behind an ash-coloured 
vapour, twisted Ліке а snake. The 
chronicler stresses ', that ‘after its 
appearance it did not rain for three 


months’ On 14 December, 1482, a very. 


bright meteor was seen again in Parma, 
‘flying in a clear sky, and without noise 
—but there was an earthquake"... — 
It is also heartening to realise that 
meteorites were. treasured in those days, 
just as they are now One that fell in 


Catalogne during 1348 was sent to the ' 


King on the back of a mule. A 
meteorite as large as the head of a 
man fell néar Altesleibon in Germany 
іт 1136,‘and ‘the brothers of the abbey 
kept’ it carefully’: We read of a 
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meteorite which fell in 586 ‘roaring 
with sparkles’. But my favourite 
account is of a rather unusual ‘lapis 
mirae magnitudinis’. ‘A stone as large 
as a house fell near Duringia, Germany 
in 1135, with a terrible noise that 
lasted for three days. The lower part of 
it, about half, sank into the ground, 
burning for three days like steel from 
the fire’. Also on July 26, 1243 ‘so many 
stars fell that if they had been true 
stars none would have remained in the 
sky’. 

It is apparent that, in addition to 
their scientific worth, these historical 
papers are a source of some marvel- 
lous quotations. О 


Мап and desert 


from Peter D. Moore 


Tue problems associated with the 
spread of deserts are both social and 
ecological. The involvement and in- 
terest of man in the process of 
desertification made it an appropriate 
subject for consideration at the Tenth 
International Congress of  Anthro- 
pological and Ethnological Sciences*. 
It is also appropriate that it should 
have formed the theme of a post- 
plenary session entitled, ‘Anthropology 
and Desertification’ and have been 
held at the Central Arid Zone Re- 
search Institute (CAZRD, Jodhpur, 
for this institution has contributed 
much to the understanding of, and 
attack upon, desertification in the 
Rajasthan Desert of north-west India. 
Complex historical and economic 
factors have contributed to human mis- 
management of marginal arid lands. 
The indigenous peoples of the Rajas- 
than Desert, according to H. S. Mann 
and S. P. Malhotra (CAZRD, have 
many traditional techniques for coping 
with semi-arid conditions, including 
mixed farming, fragmented land hold- 
ings (of advantage in scattered rainfall 
areas) fallow and rotational farming 
systems, migration in famine, as well 
as socioreligious customs and taboos, 
particularly in relation to the care of 
trees. Modern desertification problems 
in the area may well be due to the im- 
position of new pressures rather than 
the long-term persistence of old ones. 
A similar note, although with an 
economic overtone, was struck by 
B. Spooner (University of Pennsyl- 
vania) The modern economic system 
operates at a level greater than that of 
the ecosystem. Market forces are now 
the chief determinants in societies 
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*Held in Delhi on 12-18 December, 1978. It was 
convened by B. Spooner (University of Pennsyl- 
vania) and H. S. Mann (Director of CAZRD. 
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where once kinship and local organis- 
ation were most influential. Such a 
situation will encourage short-term 
exploitation of the local resources. 
Equally, the operation of rational, 
political processes at the new level may 
appear quite irrational at the ecosystem 
level. For this reason, even when 
ecological solutions to desertification 
problems can be envisaged, they may 
be difficult to implement locally. His- 
torically, arid lands have often been 
politically independent and socially 
there may be resistance to innovative 
ideas from outside. It is vital, therefore, 
that the formulation of environmental 
policy should receive contributions 
from the indigenous society. 

A novel and valuable feature of this 
conference was the involvement of 
anthropologists, environmental scien- 
tists and pastoral economists. The 
result was an unusual, yet productive, 
juxtapositon of disciplines and ideas. 
Among the pastoral economists, the 
contribution of S. Sandford (Overseas 
Development Institute, UK) is worth 
particular mention. He described pas- 
toral systems as being either conserv- 
ative or opportunistic. In the former, 
the number of grazing animals is kept 
at a constant, fairly low level. Since in 
most semi-arid areas there is consider- 
able fluctuation in rainfall (and, there- 
fore, in forage production) from year 
to year, the conservative system of 
pastoralism will keep overgrazing to a 
minimum, but will fail to exploit all 
of the available forage in a good year. 
An opportunistic system, on the other 
hand, varies the number of animals 
maintained according to the conditions 
prevailing. This should provide greater 
production efficiency, but in practice 
the number of stock is often reduced 
too little and too late, with consequent 
overgrazing and starvation. Environ- 
mentalists therefore tend to favour 
conservative strategies, but one is faced 
with the question of just how high the 
stock density should be set, In other 
words, how frequently can one tolerate 
the temporary over-exploitation of 
resources? If the answer is very in- 
frequently, then stock density must be 
kept low, much of the resource is 
under-exploited and the entire system 
becomes far less attractive to the pas- 
toralist than an efficiently managed, 
opportunistic system. 

Specialised field studies and case 
histories in semi-arid areas are con- 
tributing much to understanding local 
problems. Several papers derived from 
a multi-disciplinary study of the Turan 
Biosphere Reserve of north-eastern 
Tran, a project directed by Spooner. C. 





Peter D. Moore is a Senior Lecturer in 
the Department of Plant Sciences, King’s 
College, London. 


265 


Hamlin (University of Pennsylvania) 
described the use of satellite remote 
sensing for the detection of changes 
in vegetation and sand distribution. 
A. E. Nyerges has examined the feed- 
ing behaviour of sheep and goats, 
which are herded in mixed flocks in 
the Turan. Adult goats proceeded at a 
rate of 25 m min^' whilst feeding and 
this allowed them to range further 
from villages when foraging than 
sheep, which proceeded at 17 m min™. 
Kids achieved only 14m min". The 
result of these different speeds is that 
a zonation of grazing pressures exists 
around villages and pens, in which 
distant areas are predominantly grazed 
by goats. The selectivity of the two 
animals also varies, for example, 
Artemisia comprises 23% of the sheep's 
diet, but only 15% of the goat's intake. 
Thus, both qualitative and quantitative 
variations in vegetation predation exist 
at different distances from a village. 
A further pressure on vegetation 
associated with human settlement is the 
demand for fuel wood. M. Martin has 
estimated that a family requires 150 kg 
wood each month. The processing of 
milk products from a flock of goats 


A hundred years ago 


IN connection with our article last 
week on a proposed Scottish observa- 
tory, it may be interesting to state that 
one day last August Mr. Milne Home, 
chairman of the Meteorological Society 
for Scotland, accompanied by Mr. 
Colin Livingston, headmaster, Public 
School, Fort William; Mr. Thompson, | 
student; and Mr. David Doig, con- 
tractor, ascended Ben Nevis and made 
several observations with the view of 
erecting a station on the summit, They 
found the top enveloped in a mantle 
of snow—-a circumstance which ren- 
dered it an extremely difficult task to 
select suitable spots for the erection of 
a dwelling-house and observatory. After 
a careful survey Mr. Home came to 
the conclusion that the plateau im- 
mediately beyond the spring affords 
the best site. The recommendation this 
spot has is its contiguity to the water- 
supply. It is proposed to construct the 
buildings after the following plan: first, 
a wall of stone with an inside lining of 
wood and an inner coating of felting, 
and the outside of the wall to be 
covered with corrugated iron. An 
external wall of stone would also be 
erected to serve as a protection from 
the blast. The estimated cost of the 
structure is 5007. 


From Nature 19, 23 January, 279; 1879, 
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and sheep may require as much as 
100-150 kg each. day. Thus the total 
pressure is considerable. in a habitat 
where, according -to R»'Bhadresa 
(King's College,: London) the. woody 
biomass above ground is only about 
2,600 kg ha^. > 

One conclusion which emerges from 
an interdisciplinary study of this sort 
is that the ecological’ questions, such 
as:,thos¢ concerning the extent of 
human impact, are relatively easy to 
answer compared with the social prob- 
lems which are likely to -arise if 


attempts are made to reduce this: 


impact. Li 


Galaxy clustering - 
and anti-clustering - 
from mun C. sasaw 


THE positions of Fane on the, фу 
contain much important astrophysical 
information. First, their spatial distri- 
bution provides а. link with the con- 
ditions of their formation, and the 
large scale expansion of the Universe. 
Second, their distribution may show 
evidence- for haloes of. absorbing gas 
‚ог dust around galaxies Interesting 
developments are occurring. in both 
these areas, 

In the standard ` view of our expand- 
ing Universe, galaxies formed at a 
redshift Z S 10, after matter and 
radiation decoupled. We do not under- 
stand the detailed manner of their for- 
mation, nor do, we’ know their initial 
distribution in space. Having formed, 
, however, galaxies interact gravitation- 
ally as massive point particles and we 
can’ follow their changing’ distribution 
‘from some assumed initial state. The 
encouraging result is thai the simplest 
'initial state—a uniform.random distri- 
-bution—can lead tò the main proper. 
ties of the non-uniform) “listening we 
‘now see, . 
‘ This clustering of galaxies was first 
observed by He el and analysed’ by 
' von "Humboldt" (Cosmos, ` I866) even 
before they knew the. nature of the 
‘nebulae. 
‘most useful measures of clustering has 
turned out to be the two-point galaxy 
correlation function, ' .€ (г), discovered 
by Totsuji and Kihara (Pub. :Ast. Soc. 
'Japan:21, 221; 1969) who analysed: the 
Lick sutvey of galaxies brighter than 
199 magnitude, They. found that: the 
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More recently, one: of the. 


difference between the observed pro- 
bability of finding a galaxy at distance 
r from.any.arbitrary galaxy ‘and this 
probability in a‘ uniform random distri- 
bution, varies approximately as r7' 
over distances between about 0.5 and 
10. megaparsecs. Their results have 


` since been confirmed and extended by 


many astronomers, especially Peebles 
and his ‘collaborators at Princeton. 
To., help ‘understand these. observa- 
tions, several theoreticians working 
mainly with N-body. computer :codes 
developed by Aarseth at Cambridge 
have. simulated the clustering of point 
masses in, expanding universes.: One of 
the major questions:is to discover what 
ranges of initial clustering spectra and 
expansion rdtes are compatible with 
the observed two-point and higher order 
correlations. A: forthcoming paper by 
Efstathiou (Mon. Not. R. Astr. Soc. 
186, 133; 1979) helps to clarify this 
question. He computed two 1,000-body 


clustering problems. Both started from 


exactly the same- Poisson initial distribu- 
tion. One evolved in a-closed Einstein- 
de Sitter universe (which has density 
parameter £1— 1). The other evolved in 
a more rapidly expanding open universe 
which started with. & = 0.775. and 
ended with © = 0.1 after the expansion 
radius had increased by a factor of 31. 
The. galaxies in the closed -universe 
evolved into a distribution & (л) —"'* 
after the universe -expanded to. several 
times .its original radius. This agrees 
with several previous simulations by 
others. The galaxies in: the open uni- 
verse, however, had a somewhat steeper 
correlation function at each stage of 
its expansion. Thus at any. given 
chronological time, the expansion rate 
seems to be mirrored in the galaxy cor- 
relations. Я 
Taken at face value, this would sup- 
port the view that we live in a closed 
universe. However, as Efstathiou 


recognises, this would be a premature 


conclusion., One reason is that fluctua- 
tions of — 0.2. in the exponent of: & (r) 
are found among different .1,000-body 
simulations using the same. initial statis- 
tical (but not. identical) distribution 
To reduce these 'ensemble fluctuations' 
one needs, to use more particles, “At 
present it is ‘possible ło, «compute 


~ 4,000-body, problems in reasonable 


time using direct- integration methods 
There are plans to evolve about 20,000 
bodies using Fourier techniques under 
conditions suitable” for finding two- 
particle” correlation functions, and 
these , should "produce results ; soon. 
Another difficulty is to sort out. the 
results of different initial distributions 
of galaxies. Here one especially’ wants 
to learn whether the initial distribu- 
tions’ which would evolve’ into the 
observed distribution using a ‘rapidly 
expanding: open universe n&éd to be 
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уегу ad hoc. In the more distant future, 
enough galaxy redshifts could be 
measured to make. use of constraints 
from ‘velocity correlations ag well as 
spatial .Correlations, 

We turn now’ to а: second aspect of 
the galaxy distribution: anti-clustering. 
Unlike the positive correlations just 
discussed which are found using a huge 
sample:of galaxies, anti-clustering may 
be: found among small subsets.’ These 
subsets make a negligible contribution 
to the overall correlation function, but 
are.of special interest on their own. In 
particular, if there is a relative deficit 
of distant galaxies around nearby ones, 
the most plausible explanation. would 
be an obscuring halo of gas or dust 
around each of the nearby galaxies. 
Such haloes, with a mass at [east 
several times the mass іп the easily 
visible body of the galaxy, have become 
fashionable in recent years as a means 
of stabilising spiral galaxies against 
the formation of a bar in their centre. 
И ія now doubtful whether such a mas- 
sive halo is really necessary for stabi- 
lity. This stability can also be provided 
by counterstreaming stars (Kalnajs, 
Astrophys. J. 212, 637; 1977; Zang & 
Hohl Astrophys. J . 226, 521; 1978) 
which. remain , from "mergers . which 
formed the galaxy, or by a.concentra- 
tion of mass in the nucleus of a galaxy. 
Moreover, it is not clear that the non- 
linear results of instability to bar for- 
mation, possibly follówed by а transi- 
tion to spiral or elliptical structure in 
an explosion or gravitational encounter, 
are inconsistent .with observations 
Nevertheless, the ,existence of galactic 
haloes remains an important question. 
For example,.if most galaxies һауе 
haloes of about 10 times their presently 
observed mass, it would strengthen: the 
evidence that we. live in a closed unt 
verse. 

Direct Adice ‘for асы could 


‘come from. faint optical or X-ray emis- 


sion around. galaxies,. from thevrota- 
tional. velocity of neutral hydrogen 
clouds around galaxies, and from gas 
or dust around nearby galaxies which 
absorbs the light of more distant 
galaxies Observations: with the. first 
two ‚techniques .suggest.that haloes do 
exist around- some galaxies, but their 
masses are very uncertain. In the case 
of optical or X-ray emission we do not 
know the mass/luminosity ratio. This 
ratio depends on both the composition 
and geometric distribution. of, material 
in the halo. With; neutral hydrogen 
clouds, 'the masses can be determined 
more accurately but, the observations 
are. not easy to make, They suggest 
haloes of moderate mass. 

‘The third technique, galaxy: 'anti- 
clustering, has not been , pursued 
vigorously This is because, unti] very 
recently, there was not à large. enough 
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complete sample of galaxies with 
known distances in which to look for 
statistical anti-clustering between near 
and distant galaxies. The relative dis- 
tances had to be estimated from rather 
fickle secondary indicators such as 
apparent magnitude or size. Using 
these secondary indicators, Bogart and 
Wagoner (Astrophys. J. 181, 609; 
1973) found weak evidence for anti- 
clustering between near and distant 
rich clusters of galaxies, and Wesson 
(Astrophys. Lett. 19, 127; 1978) has 
claimed to. find this effect among 274 
bright. galaxies in the local super- 
cluster. Now, however, many more 
galaxy redshifts are becoming avail- 
able and they. will enable much better 
analyses of. anti-clustering based on 
distance to be made. Sandage (Astro- 
phys J. 83, 904; 1978) has published 


719 redshifts for galaxies in the local 
supercluster, and more are to come. 
Recently Vera Rubin of the Carnegie 
Institute in Washington DC has com- 
piled a list of lists of redshifts pub- 
lished in 1976-1978 and of measure- 
ments in progress More than 5,500 
redshifts were published in this period 
and a roughly equal number should be 
measured in the next year or two. This 
will be a sample to conjure with. In 
addition, powerful new machines, such 
as the one which Kibblewhite and his 
associates are completing in Cam- 
bridge, will determine the positions 
and characteristics of galaxies on 
photographic plates rapidly and auto- 
matically. Thus in the years just ahead 
we can expect to understand much 
more about the distribution of matter 
over the largest scales of the Universe. 


Gravitational waves confirmed 


at Texas Symposium 


from M. C. Begelman, A. C. Fabian, N. A. Sharp and A. Wakelin 


THE peripatetic Texas Symposium on 
Relativistic Astrophysics went to 
Munich in 1978* with, for the first 
time, participants from the People’s 
Republic of China. Traditionally, the 
symposium is not regarded primarily 
as a forum for announcing the latest 
results, but more as a chance to review 
the progress of the past 2 years. With 
several exceptions—notably the new 
findings on the binary pulsar and the 
discovery of a new type of emission- 
line object—this meeting largely 
followed suit. 

The first day was devoted to extra- 
galactic sources, which, to the relativ- 
istic astrophysicists, meant quasars, BL 
Lacertae objects, and Seyferts. There 
was little theoretical debate, black holes 
and beams are seemingly well 
entrenched as the current fashion, and 
most of the reported progress was 
observational. It seems that the defining 
characteristics of the various types of 
object are still controversial. Several 
Speakers (and recent observations) sug- 
gested that common classification 
Schemes, based on spectral signature, 
may be misleading. For instance, it 
seems that all Seyferts may radiate the 
bulk of their energy in X rays, and, so 
far, there are three known X-ray 
quasars. Infrared also figured strongly, 
but sadly there was no discussion of the 
wealth of ultraviolet data now available 
from the TUE satellite. 

Of particular cosmological interest 





*The 9th Texas Symposium on Relativistic Astro- 
"T was held in Munich on 14-19 December, 
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was the report on the microwave back- 
ground, devoted mainly to the very 
careful work of D. P. Woody and P. L. 
Richards of the University of California 
Lawrence Berkeley Laboratory. The 
spectrum now appears to be only 
approximately black body with a 
temperature of ~3K, being instead too 
peaked and too narrow. This deviation 
cannot be explained by any of the pro- 
cesses currently expected to produce 
deviations. Further theoretical work 
and further observations will doubtless 
be available by the next Texas meeting. 

There was also a very lucid review by 
G. F. R. Ellis (University of Capetown) 
of the many assumptions and 
corrections which are made by cosmolo- 
gists when considering the available 
data. Although much of this is known 
to the expert practitioner it deserves 
a wider audience amongst all people 
collecting and interpreting data of 
cosmological interest. 

It was not until halfway through the 
conference that classical relativity 
theory made its appearance, with a 
clear discussion by J. Ehlers (Munich) 
of the difficulties of treating isolated 
systems. This is of great importance in 
the interpretation of the binary pulsar. 

The common meeting ground for 
relativists and astronomers is this 
binary pulsar. Discovered in 1974 by 
Hulse and Taylor, the pulsar swoops 
around its companion in a highly 
elliptical orbit at velocities ~0.1% of 
the velocity of light. J. Taylor (Univer- 
sity of Massachusetts at Amherst) 
reported the detection of four more 
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relativistic effects, the most exciting 
of which is the confirmation of the 
existence of gravitational waves. He 
announced the measurement of the ad- 
vance of periastron (similar to the 
excess advance of the perihelion of 
Mercury attributed to relativistic 
effects) at an earlier Texas conference. 
Refinements in the. measuring equip- 
ment and techniques have allowed 
Taylor, and his colleagues L. Fowler 
and P. McCulloch, to improve the 
timing accuracy of the pulse arrivals 
by a factor of 20. An iterative method 
has then been used to obtain correc- 
tions up to the third order in (v/c). 

In particular, the rate of decrease of 
the orbital period is observed to be 
~ —32Xx107" s 57, and is of the 
correct sense and magnitude to agree 
with the general relativity prediction 
of energy and angular momentum loss 
by way of gravitational radiation. The 
importance of gravitational radiation 
in causing the spiralling together of 
binary companions has long been 
realised in the evolution of close non- 
pulsar binary system. This is the first 
time that a quantitative measurement 
has been made, The binary pulsar is 
apparently turning out to be a re- 
markably clean laboratory for relativ- 
istic astrophysics. Further work, 
especially theoretical, will, it is hoped, 
check all other possible causes of the 
observed effects and refine the measure- 
ments already made. The current data 
restrict the masses of the pulsar and its 
companion to around 1.4 M. each, con- 
sistent with a pair of neutron stars, of 
a neutron star (the pulsar) and a white 
dwarf. Changes in the observed pulse 
shape hint at spin-orbit coupling 
causing the pulsar spin axis to process. 

J. Nelson (Lawrence Berkeley Lab- 
oratory) reported on an optical object 
found by Crane within 0.3 arcsecs of 
the position of the binary pulsar. If it 
is the pulsar, then the pulsed fraction 
is less than 1%, and if it is the com- 
panion then it must be hotter than 
~18.000 K in order to be able to radi- 
ate the observed flux without causing 
an excessive periastron advance. 

The discovery of the most unusual 
stellar spectrum of 1978 was un- 
doubtedly reported by B. Margon 
(University of California, Los Angeles), 
The 14th magnitude emision line 
object numbered 433 in the catalogue 
of Stephenson and Sanduleak shows 
emission lines that move across the 
spectrum! These strong features have 
been seen to shift by up to 600A (an 
equivalent velocity shift of —0.1 c) in 
30 days. SS433 has been the subject of 
intense study recently since it was 








A. Wakelin is at Princeton University; 
the other authors are at the Institute of 
Astronomy, Cambridge. 
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realised that it was associated with -a 
variable radio source (see for example 
Clark & Murdin, Nature 276, 44; 1978; 
Ryle et al. Nature 276, 571; 1978): An 
X-ray source A1909+-04 is also in the 


right position and it is located in line 


with the supernova rémnant W50. -Mar- 
gon and his colleagues are the first to 
observe the ünusual optical emission 
features, Two in particular lie either 
side of Ha, the infrared one of which 
moved to longer wavelengths by 150-4, 
the red feature moving in the opposite 


sense by 70A, -in just four nights 


observing. 55433 presents a challenge; 
perhaps it too-will become ‘a еа 
at the ie conferences. 


Pathogenic 
mechanisms. of 
mycoplasmas 3 


from D. B. Archer Т 
MYCOPLASMAS are а, diverse group of 
wallless prokaryotes, They have been 
implicated as, possible causal agents in 
a multitude. of diseases in ‘animals, 
plants and; insects ,but, have been, 
demonstrated to be causative -in 
relatively few instances and in only a 
handful of cases is. there any informa- 
tion which bears. directly on the patho- 
genic mechanisms involved. However, 
from the Proceedings. of the 2nd Con- 
ference of the International :Organisa- 
tion for. Mycoplasmology ПОМ) 
(Zentralbl. Вак. Parasitnek.. Infekt. 
Hyg. 241; 1978) it is clear that an 
understanding of the . pathogenic 
met is now being: worked 


The edu in form of mycoplasmas- 
reflects the range of diseases and 
mechanisms . involved. Some myco- 
plasmas are motile and motility ‘may 
be necessary. for these organisms to 
reach their. target site, although a non- 
motile variant of Spiroplasma citri is 
known to be pathogenic when injected 
into: host. phloem cells by an insect 
vector (Townsend ef al. .J. gen. 
Microbiol. 100, 15; 1977). Mycoplasmas 
lack flagella. and their mechanisms of 
motility , are..-poorly understood 
although an actin-like protein has been 


reported іп Mycoplasma pneumoniae 


(Neimark 
U.S.A, 74, 4041; 1977). (However, Rod- 
well et ai. (ТОМ Proceedings) showed, 





D. B. Archer is in the CSIRO Division 
of ‘animal Health, Animal ' Health 
Laboratory, Parkville, Australia. 


that no : mycoplasma protein co- 
electrophoresed “with ' rabbit - muscle 
actin by two-dimensional gel electro- 
phoresis. Although Rodwell et al. could 
not detect a mycoplasma protein 
having a high affinity for’ deoxyribo- 
nuclease 1, a characteristic of 
eukaryotic actin, Kahane et al. ПОМ 
Proceedings) were able to isdlate a 
multiprotein, complex having a high 
affinity for muscle myosin. 


Attachment to host cells is of 


primary importance in the patho- 
genicity of Mycoplasma · gallisepticum. 
and’ M.pneumoniae, among ‘others, А 
M pneumoniae membrane protein (P1) 
is required for the attachment to host 
tracheal cells (Hu ef ai. J. exp. Med. 
145, 1328; 1977) and although' these 
workers could not’ detect any staining 
of M.pneumoniae proteitis with: PAS, 
a carbohydrate stain, it is of interest 
to know whether P1 is identical to the 
recently isolated glycoprotein from 
M.pneumoniae (Kahane & Brunner 
Infect. Immun. 18, 273; 1977) because 


' carbohydrate has been implicated in 


the attachment of this organism to host 
epithelium (Powell et al. ‘Infect. 
Immun, 13, 959; 1976). Apart from the 
presence of a glycoprotein in 
M.pneumoniae, and possibly M. galli- 
жерісит (Goel & Lemcke Ann. 
Microbiol. 126, 299; 1975) there are no 
cohfirmed reports of glycoproteins in 
any other mycoplasmas: If ' carbo- 
hydrate is important in the host cell 
attachment of other mycoplasmas ‘it 
need not be through a glycoprotein and 
Huang ‘(Nature 276, 624; 1978) has 
recently pointed out that glycolipids 
can be involved: in cell adhesion, 
although glycolipids do not seem to be 
involved in the host cell adhesion of 
M. pneumoniae (Hu et d. op. cit). Both 
M. pneumoniae "and M. gallisepticum 
adhere to-erythrocytes and this attach- 
mènt has been ‘used as a convenient 
model for natural host cell attachment 


Jt seems that glycophorin is: the major | 


erythrocyte receptor for M. gallisepti- 
cum (Banai et al. ТОМ Proceedings; 
Infect- Immun. 21, 365; 1978) whereas 
this is not the case with M. pneumoniae 
(Feldner et al. IOM Proceedings), al- 
though bindings of M. pneumoniae to 
host epithelial cells is reduced by pre- 
treating host cells with neuraminidase 
(Powell et al. Infect. Immtn. 13, 959; 
1976: "Gabridge, JOM Proceedings). 
These mycoplasmas also bind to ‘glass 
and plastic so it is of interest to know 
what determines specificity of binding 
in vivo. Sialic acid is of importance in 
the binding of M.gallisepticum'‘to éry- 
throcytes but this residue ' alone 
probably could not provide specificity 
of host. Jsolation of the presumed bind- 
ing proteins. of mycoplasmás: and 
determination of their affinities for 
target, sites would enable some judge- 


233, 317; 
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ments to be made on the specificity of 
mycoplasma—host cell interactions . > 

Host.cell attachment may not be as 
important in determining specificity as 
the’ production of a mycoplasma toxic 
substance or’ susceptibility of the host 
to it, Indeed, there -is no evidence for 
high affinity host «cell attachment by 
most mycoplasmas. Unfortunately, in- 
formation on toxic products of: myco- 
plasmas is meagre. Hydrogen peroxide 
and ammonia are produced by some 
mycoplasmas and may be toxic factors, 
particularly if the association of the 
mycóplasma with the host is intimate 


. (for example M. pneumoniae) or ‘if 


the ‘amount of hydrogen peroxide is 
large (Mycoplasma mycoides ‘subsp. 
capri). Specificity may more easily be 
explained by the production of æ toxic 
compound which has selectivity of 
action, but little information on such 
substances is available. Characterised 
toxic cell products are the galactan of 
M.mycoides subsp. mycoides (Lloyd et 


«dl. J. :med, Microbiol. 4, 425; 1971: 
` Buitery et ad. J. med. Microbiol. 9, 


379; 1976y апа. the exotoxin of Myco- 
plasma. neurolyticum (Tully, INSERM 
1974) Also, low molecular 
weight toxins have been isolated, from 
S.cit?i (Daniels & Meddins INSERM 
33, 195; 1974: Daniels JOM Proceed- 


. ings). One hopes that purification and 


characterisation of such toxic products 
will lead to’ experiments designed to 
determine their modes of action. Exo- 
toxins were not detected, however, in 
culture filtrates of M. gallisepticum, an 
orgahism known to be neurotoxic. 
(Thomas Ann. N.Y. Acad Sci. 143, 
218; 1967). Some mycoplasmas bind 
to and transform fymphocytes (Gins- 
burg & Nicolet Nature new Biol. 246, 
143; 1973; Cole et al. IOM Proceed- 
ings; Wise et al. IOM Proceedings) and 
form caps (Stanbridge IOM Proceed- 
ings; Stanbridge: & Weiss Nature 276, 
583; 1978) demonstrating mitogenic 
activity in vitro. Aiso, Cole et al. (JOM 
Proceedings) reported that — myco- 
plasmas induce the release of cytotoxic 
factors from: lymphocytes. The in vivo 
importance of mycoplasma interactions 
with lymphocytes is unknown but pro- 
vides a plausible. explanation for шел 
of the effects of mycoplasma inf. 

“In conclusion, although оша 
on’ the pathogenic mechanisms of 
mycoplasmas i$ still limited the stu- 
ation is improving. Specificity remains 
a major problem which can only be 
overcome ‘by characterisation of the 
cell ' residues involved, in host cell at- 
tachment of those "mycoplasmas w єн 
do attach, and by isolation and, с 
acterisation of toxic factors. , Deinon- 
stration of in vivo mitogenicity would 
clearly be a “major gee in our 
understanding of ` ;: pathogeiiic 
mechanisms of Кетик Nn 
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Lowland Maya radiocarbon dates 
and the classic Maya. collapse 


Raymond Sidrys & Rainer Berger 
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Three processes of the Late Classic Maya collapse, the 
demise of the stela cult, the breakdown of elite culture, and 
the reduction of the commoner population, are compared by 
frequency-distribution bar-graphs, of.dated monuments in 
the Southern Lowlands and radiocarbon dates from elite 
and commoner contexts. The demise of the stela cult and 
the breakdown of elite culture seem to have coincided. The 
commoner radiocarbon bar-graph does not necessarily 
indicate the occurrence of a major demographic catas- 
trophe. : 





THE Late Classic Maya collapse poses one of the most challeng- 
ing problems in world archaeology. Briefly, it represents an 
abrupt cessation of Lowland Maya elite class culture—parti- 
cularly such activities as the use and production of carved and 
.dated monuments, platform-temples, elaborate residential 
structures, fine polychrome pottery, and carved jade—during 
the ninth and early tenth centuries AD. The demise of the elite 
class was а ntly accompanied by à rapid and large-scale 
depopulation of the commoner class, particularly in the South- 
ern Lowlands (eastern Chiapas, the Peten and western Belize). 
Our study is intended not to explain the events of the collapse, 

but to empirically measure the rate of decline in several cultural 
processes integral to the collapse. Three phenomena of parti- 


cular interest are the cessation of the ‘stela cult’; the decline in ` 


the general activities of the elite class; and the apparent popu- 
lation reduction of the commoner or peasant farmer class: For 
each of these cases we have produced а 'declihe curve’ that is, 
based оп. а frequency-distribution bar-graph of relevant 
chronometric data, namely the dedicatory Long Count dates 


inscribed on monuments, and radiocarbon dates from elite or ` 


commoner contexts. 

Traditional theories have tried to explain the collapse from 
either an internal or external orientation'?, The internal 
theories emphasise either natural catastrophes such as over- 
population, soil exhaustion, disease, earthquakes; hurricanes, 
climatic change, and insect pests; or socio-political crises such as 
peasant revolts and intersite warfare. The external theories view 
the collapse in terms of cultural developments, such as military 
or economic events, throughout the whole of Mesoamerica. 
Unfortunately, the majority of these hypotheses are speculative 
single-cause theories which are not supported by statistically 
valid empirical data. 

A new research phase on the Maya collapse was initiated in 
1970 at a seminar by the School of American Research, Santa 
Fe, New Mexico’. The theoretical model, summarised by Willey 
and Shimkin‘*, is tailored to future. hypothesis-testing. This 
model states that certain activities of the elite class which 
had successfully stimulated the -growth of Early Classic Maya 
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civilisation became inappropriate for a new Late Classic society 
faced with a burgeoning population, precarious agricultural 


` production, and military harassment by central Mexican groups. 


The cumulative effect of these disrupting factors was to 
administer a fatal shock to the Maya political system. The 
demise of the elite class is thought to have been marked by the 
erection of the last calendrically dated stelae at Seibal and 
Uaxactun in AD 889 or in Tonina in AD 909; the termination of 


` monumental architecture at Tikal in AD 830, Altar in AD 909 


and Seibal in AD 928; and the appearance of the Tepeu 3 
ceramic horizon in the ninth century AD that signalled the end of 
the Peten polychrome tradition and the appearance of foreign 
fine paste wares. Following the tenth century no general reco- 
very of Classic Maya civilisation took place in the Southern 
Lowlands. Some pockets of elite tradition continued to exist, 
however, along with reduced commoner populations, at such 
sites as Tikal, Altar and Seibal*. 


Analysis of stelae dates 


The Sante Fe model relies heavily on stelae dates to construct a 
chronology for the collapse of the Maya elite. Yet it fails to 
provide a comprehensive frequency-distribution of Lowland 
stelae erection. This 1s done in the following section, as a test of 
the Santa Fe model. 

The erection of stelae and altars was an important activity for 
the Classic Maya. The labour necessary for the erection of these 
multi-ton limestone monuments ensured that the stela cult 
crosscut Maya religion, politics and economics. The quarrying 
and sculpting, for example, was probably done by professional 
masons and artisans. Many dozens, and sometimes several 
hundreds, of labourers had to drag the megalith to the site. The 
average Peten stela bad a mass of about 5 metric tonnes, while 
the largest in the Lowlands (stela E at Quirigua) had a mass close 
to 50 tonnes. The elite no doubt maintained a high visibility as 


~ the organisers of this impressive operation—because precisely 


such displays of power helped to maintain their authority. The 
upright rectan stela, featuring a life-size low-relief portrait 


“of the ruler, often colourfully painted, had a hieroglyphic text 


with such information as the ruler's genealogy and the dates of 
his accession to the throne, marriages, battles, and so on. 
Smaller cylindrical altars, usually with a shorter text and less 
sculptural ornamentation, were placed in front of the stela. In 
addition to their role as a power displays for the elite, the stelae 
and altars also had-important religious functions. They were 
usually erected on ‘period-endings’ that commemorated 
important calendric periods such as Katuns and Hotuns (9.9 yr). 
Their hieroglyphic texts contain substantial technical informa- 
tion on calendars and other ritualistic activities. Finally, cere- 
monial caches.were frequently buried underneath or alongside 
the stela. These monuments clearly served as foci for both 


"political and religious activities. 
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The number of dated Maya monuments; both stelae and 


altars, erected in the Southern Lowlands per Katun cycle (19.8 
yr) during the period AD 292-909 is shown in Fig. 2. The span of 
time ranges from the erection of the earliest long count-dated 
stela yet found in the Lowlands (Tikal St 29) at AD 292, up to the 
last securely-dated Lowland stela at Tonina. Graphs similar to 
Fig. 2 have been previously published®* but to our knowledge 
Fig. 2 is the most comprehensive for the Southern Lowlands. It 
includes 415 Long Count dates, most of them period-endings, 
marked on 359 stelae and 56 altars from 62 sites. The boundary 
for the Southern Lowlands is marked in Fig. 1. Southern 
Lowland sites from which we obtained either stelae ог -altar 
dates for our study are marked in Fig. 1 by a triangle, while sites 
that furnished radiocarbon dates are marked by a star. The area 
that we have marked as the Southern Lowlands is almost 
identical to that used by the Sante Fe Seminar’. (The stelae data? 


Fig.1 Mep of Mays Lowlands 
Note both long count dates and 
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с were obtained from the literature and also from personal com- 


munication with J. Graham and I. Graham.) 

Recent evidence suggests the possibility that Protoclassic 
rulers (AD 100—250) of Highland Guatemalan centres, such as 
Kaminaljuyu, exported the stela cult to the Lowlands by military 
conquest or marriage alliance’. Figure 2 shows that few dated 
monuments were erected in the Lowlands before AD 475 
(9.2.0.0.0.). Sites with these early monuments are clustered 
within a 30 km radius in the north-east Peten. Following the 
major waterways, however, the stela cult moved rapidly into 


‚. neighbouring regions and by AD 534 (9.5.0.0.0.) the maximum 


geographical spread for Classic Maya stelae had been reached'?. 
Shortly afterwards the growth of the cult was slowed by a brief 
and enigmatic hiatus that lasted from AD 534—613 (9.5.0.0.0.- 
9.9.0.0.0.) which apparently was caused by the withdrawal of 
Central Mexican political influence i in the Peten’. - 


E 


ag etes with datéctinopuments and cádlocarbon dates. Oly Sóuthern Lowland mtos were used in study. 
dates were used from Tikal, Uaxactun, Palenque, Seibal, Altar and Copen. The last Terminal Classic 


stelac were erected at Tonina, Chiapas and San Lorenzo, Campeche (sites marked by large triangles). 
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The explosive growth of the cult during the period AD 613— 
790 (9.9.0.0.0.—9.18.0.0.0.) is clear in Fig. 2. During this period 
at least 324 stelae and altars wére dedicated ir both the South- 
ern and Northern Lowlands. The climax of the stela cult was 
reached in the eighth century. This zenith can be measured by 
several statistical conventions. The mean stela date, calculated 
from a sample of 300 stelae, is AD 705 (ref. 5). The date AD 731 
(9.15.0.0.0.) is the statistical mode, as it occurs on more monu- 
ments than апу other period-ending'?, while the date AD 790 
was commemorated by at least 19-ceremonial centres, more so 
than any other period-ending*’. '' 

The popularity ofthe cult took a sudden downwards sings at 
AD 810 (9.19.0.0.0.). Its rapid decline culminated with the 
erection of the last securely-dated stela at Tonina, Chiapas in 
AD 909 (10.4.0.0.0.) (Е Graham, personal communication). We 
include in Fig. 2 an even later stela at San Lorenzo, Campeche 
which has been dated by J. E. S. Thompson to AD 928 
(10.5.0.0.0.)'*. Its absolute date cannot be: established 
conclusively, bowers ET] it- bears only a floating Calendar 
Round date. ` 


oo 


Dated monuments 
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Katun periods of Lowland Maya calendar 
Fig.2 The nümber of dated monuments erected per Katun period 
in the Southern Maya Lowlands. All monuments that were erected 
during a given Katun penod are indicated in the position directly 
above the start of the Katun. Included are: 415 LC dates carved on 
359 stelae and 56 altars from 62 Southern Low]and sites. 


Figure 2 shows that a genuine collapse or abrupt breakdown 
of the stela cult occurred, rather than a gradual or normal 
decline in popularity, by both the asymmetry of the distribution 
and the steep downslope. The growth and maturity of the cult 
lasted some 500 yr, whereas itg decline took place in about a 
century. This sudden loss of an established tradition of ruler 
glorification does favour the demise of the milers themselves and 
their entourage. 


Bar-graphs of radiocarbon dates 


In their model Willey and Shimkin* found that the degree of 
commoner population decline following the loss of the elite was 
the most formidable research problem of the Maya collapse. 
They did not specify the exact degree to which populations of the 
Southern Maya Lowlands either died out or migrated. Adams, 
on the other hand, apparently relying on ceramic evidence, has 
estimated that an unusually rapid depopulation from 3,000,000 
to 450,000 took place in the countryside and at ceremonial 
centres in a period from 75 to 100 yr (ref. 14). Similarly, Culbert 
offers a population loss for the Lowlands in excess of a million 
people within a century and describes it as one of the world’s 
greatest demographic disasters. 

In his synthesis of ceramic ИРЕЕТ for the Santa Fe 
Seminar, Rands demonstrated that in general the average Maya 
ceramic period lasted 75 yr, with an uncertainty of +30 yr for 
either the beginning or ending date*. Thus ceramically-based 
population studies at any given Maya site can only suggest that a 
house mound had been occupied during part or all of a 75 yr 
penod. A further complication is the problem of the terminal 
stratigraphic layer, which in many cases represents the tran- 
sitional Late Classic-early Postclassic occupation of the site. 
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This stratum is particularly troublesome because it lacks a 
bordering stratum that can fix an incontrovertible upper 
temporal limit’. 

Frequency-distribution bar-graphs of Lowland Maya radio- 
carbon dates offer an alternate or supplementary dating method 
necessary in establishing rates of decline for non-stelae dated 
Late Classic elite activities and the relative population size of the 
commoner class. A large number of Maya radiocarbon dates 
already exist,-and many others could be readily obtained from 
the. hundreds of skeletons and charcoal samples that have been 
collected and stored during major Maya fleld projects by 
Canadian, American, Mexican and Guatemalan academic insti- 
tutions. The average range of uncertainty associated with Maya 
radiocarbon dates so far collected is of the order of +80 yr, 
Which ds similar to: the time span ог the. average Maya ceramic 
phase. 

To determine whether elite activities in general did undergo a 
radical decline.at the same time as the collapse of the stela cult, 
we have produced a frequency-distribution bar-graph of 96 
radiocarbon dates whose archaeological context represents 
various Southern Lowland Maya elite activities. Figure 3a 
epulo Circ oer pipes pee oi 51BC 
to AD 1389. These activities, as dated by the ^C method, 
include the inhabitation of palaces, the building of platform- 
temples and palaces; the production of sophisticated carved 
wooden lintels for palaces and temples; the production of 
elegant wooden figurines and bark-paper codices; and the 
administration of cave ceremonies and elaborate burials. 

Most of the 153 radiocarbon dates in Table 1 have already 
been published and were compiled through an intensive search 
of the literature. Table 1 also includes 22 previously unpub- 
lished '^C dates from Tikal, Guatemala, that were measured by 
the University of Pennsylvania Radiocarbon Laboratory (W. 
Coe and E. Ralph, personal communication) Table 1 is 
intended to be a comprehensive list of most of the “C dates 
presently available from the Maya Lowlands during the period 
51 BC to AD 1389. Accordingly, it contains an additional 27 
dates from the Maya Northern Lowlands that are not plotted in 
Fig. 3a, which are marked by an asterisk. Table 1 gives the 
archaeological provenience of the 14C sample and classifies this 
provenience into ап elite or commoner context. The 
classification was made by us on the basis of the excavator's 
description of the excavation context. AIl radiocarbon dates, 
whether previously published or not, were converted to tree- 
ring calibrated dates using the chart of Suess'*!". For purposes 
of standardisation the calibrated date was rounded to the 
nearest interval of 50. Accordingly our calibrated date may 
differ slightly from previously published versions. Any other 
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Fig. 3 a, Radiocarbon dates from elite contexts in the Southern 
Lowlands per time period; b, Radiocarbon dates from commoner 
contexts in the Southern Lowlands per time period. 
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calibration can be based on the BP radiocarbon date in Table 1. 
For some samples we have assigned.a time range or several date 
possibilities instead of a single date. This situation exists because. 
the calibration. curve is not always singularly definitive. In 
plotting these cases on Fig. 3a we used either the midpoint of the 
range or the average of alternate dates. Table 1 also specifies the- 
material composition of the radiocarbon sample, the laboratory 
number of the processed sample and the.published reference. 


Figure За indicates that Maya elite .activities are preseht , 
throughout the time span 51 BC to AD 589 (the Protoclassic and: ` 


Early Classic periods) and their relative frequency shows only 
minor fluctuations. Elite activities dramatically:increase during 
the period AD 589—749, and attain their zenith during this point. 
A significant decrease of these activities ıs observed during the 
period AD 749-909, followed Бу a drastic decline that takes 
place from AD 909-1069. Maya elite culture in the Lowlands 
during the period AD- 1069—1389 is almost negligible. ` 

The asymmetry: and steep-downslope in Fig. За: clearly 
demonstrate'a breakdown. of elite class culture during the tenth 
century in the ‘Lowlands, and. its cessation, for all practical 
purposes, by AD 1069. The decline curves preserited in Figs 2 
and 3a are remarkably similar. A-minor difference is that elite. 
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culture declines somewhat later than does the stela cult, a lag of 
the order of about one century. This was also noted by Ham- 
mond at Pusilha, Belize'*.. However, as, Fig. За involves a 
broader spectrum of individuals and activities than Fig. 2, this 
time lag is expected. It is reasonable to conclude that the graphs 
in Figs 2 and 3a, are measuring somewhat different aspects of the 
same phenomena—the rise and fall of the Classic Lowland Maya 
elite class. The similarity of the two graphs helps to establish the 
reliability of the '*C frequency-distribution bar-graph method. 

As previously discussed the depopulation rate of the Lowland. 
centres, following the collapse of elite culture, is the most 
difficult problem of the Maya collapse. Figure 3b shows the 
distribution frequency of.30 ‘С dates, within the span 51 BC to 
AD 1389, that are from what may be called Southern Lowland 
Maya- commoner contexts. In.other words. they are not 
inherently associated with elite manifestations. The ‘С samples 
come from commoner contexts that include house mounds, 
burials, middens, ridged fields, and lake sediment depositi which 
contain maize pollen as: evidence of nearby agriculture. — ' 

It is immediately apparent that Fig. 3b indicates mildly 
fluctuating population cycles in the Lowlands, but no radical 
growth spurts or drastic declines. A slight population decline 
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might be indicated for the period AD 1069-1389, as only three , 


14C dates are present, but given the overall small sample size this 
is hardly evidence of a major demographic catastrophe for this 
period. Figure 3b does not establish, then, a depopulation curve 
similar to those previously demonstrated for the cessation of the 
stela cult and general elite activities during the Late Classic- 
Terminal Classic periods. 


The lack of.a collapse curve in Fig. ЗЬ may. be due to the’ 


relatively small sample size or perhaps indicate a historical fact. 
In particular, the sample used is'three times smaller than that in 
Гіз. За and about 12 times as small as that in Fig. 2. A further 
complication із the geographical context of the ‘С samples. 
Only 35% of the dates come from the Peten, while the rest are 
from adjacent areas such as Belize, Chiapas, and Honduras, 
areas that may, have been the scene of a delayed collapse". 
Unfortunately the 30 dates represent most, if not all, of the ‘С 
dates presently available from Lowland commoner contexts. We 
therefore urge Maya archaeologists to obtain more commoner- 
associated '*C datés, as these dates should eventually be of great 
value in resólving the depopulation issue and bé more represen- 
tative of the cultural situation as it actually was. Yet we also 
wonder if any major depopulation would not have been 
apparent in the 30 dates obtained so far. 

A critical reexamination of the depopulation-problem fari in 
fact been offered. by J. E. S. Thompson? who concluded. that 
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wholesale desertion of the Central area at the close of the Classic 
period can be ruled out. He proposed that a Postclassic popu- 
lation, probably reduced in size, had continued to exist in the 
Central -Lowlands in isolated villages. This population was 
depopulated, in turn, during the first 50 yr of contact by Euro- 
peans, due largely to newly-introduced diseases such as dysen- 
tery, hookworm, and malaria. Additional support for a rethink- 

ing of the depopulation issue is found in Hellmuth’s biblio- 
graphy of the post-Conquest Lowland Maya? and in a recent 
article by Adams and Smith that compares the extensive popu- 
lation опе in mediaeval Europe to that of the Late Classic 
Maya”. 

The dealing curves for the cessation of the stela cult and the 
breakdown of general Late Classic elite. activities seem to be 
very similar, although the latter process continued for another 
century following the demise of the stela cult. The “C bar-graph 
that simulates the population level of the commoner class during 
this period does not, however, indicate the occurrence of a 
major demographic catastrophe. : 
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Normal human tissues have been found to contain RNA 
which hybridises with four regions of the adenovirus type 2 
genome, including one which contains the. transforming 
gene(s) оў: this virus. The RNAs have also been extracted 
from gorilla organs, but not from those of chickens, sug- 
gesting that they are.a feature of all normal higher primate 
tissues. Serological tests suggest that these’ homologous 
RNAs are translated into proteins connected with essen- 
tially normal and virus-infected cell functions. і 
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THE adenoviruses’? are associated with дарэ infections 
in humans. ; Many serotypes of these viruses can induce tumours 
in rodents’ ^, and adenovirus type 5 transforms human cells in 
culture’. During studies on human cancer, we have investigated 
the possibility that human tissues might contain RNA sequences 


. related to human DNA viruses, using the technique of in situ 


hybridisation*?. We have found that normal human tissues 
contain RNA that hybridises with four regions of the genome of 
adenovirus type 2 (Ad-2): „Опе of these regions includes the 
transforming gene(s) of this virus”'??, This suggests either that 
genes similar to viral transformation genes are ‘present in màn in 
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much the same way that the avian sarc genes are homologous in 
base sequence to the src (transforming) gene of the Rous 
sarcoma virus'*"'*, or that infectiously acquired Ad-2 DNA can 
persist under host control. The human cells expressing the 
RNAs in greatest abundance seem to be solitary, possibly 
circulating cells. Human tissue cultured cells apparently do not 
contain an abundance of these RNAs, which may account for the 
fact that they have not been described previously. 


Hybridisation studies 


In looking for possible RNA sequences related to Ad-2 viral 
DNA in uninfected human organs, we initially used placenta as 
the RNA source because it is available in quantity. Moreover, 
fetal tissues are often associated with endogenous viral sequence 
expression ^", Total RNA was extracted by standard pro- 
cedures'® and iodinated’? with "^I for use in hybridisation. 
Equal amounts of Ad-2, human DNA and ^ phage DNA or 
Ad-12 DNA were denatured and spotted on nitrocellulose 
strips and hybridised by the usual procedure” (for details see 
legend to Fig. 1). Escherichia coli total '*I-labelled RNA served 
as an RNA control, hybridised to a parallel series of spots but 
substituting E. coli DNA for phage DNA. The hybridised strips 
were then treated with RNase and, after suitable washing, were 
dried and autoradiographed on presensitised X-ray film (Royal 
X-omat XHI Kodak) at —70 °C in cassettes fitted with intensify- 
ing screens. Such spot tests are extremely sensitive and the 
amount of signal due to hybridisation or to background is 
immediately visually apparent. Hybridisation can be quan- 
titated if necessary by cutting out the spots and scintillation 
counting. This procedure was followed as described later to 
construct melting-temperature curves of the hybrids. 

After autoradiographic exposure, there was no trace of 
hybridisation to phage DNA. In fact, the spots containing this 
DNA were, if anything, below background radioactivity levels in 
some cases, suggesting that the bound DNA may have pre- 
empted potential binding sites for molecules that contribute 
background. There was, as expected, very strong hybridisation 
to human DNA. Ad-2 DNA showed moderate hybridisation 
(Fig. 1a), which easily reached autoradiographic saturation on 
prolonged exposure (Fig. 15). Ad-12 DNA showed a barely 
detectable autoradiograph (not shown). E. coli '?*I-labelled 
RNA did not hybridise with any of these DNAs, but did so with 
E. coli DNA. 


Ad-2 





Fig.1 Spot tests of hybridisation of '221-1аБеПей human placental 
RNA to DNA of ^ phage, human and adenovirus type 2 (Ad-2). 
The location of the negative hybridisation is shown by a dotted 
circle. Hybridisation has occurred to human DNA and to a lesser, 
but definite, extent to Ad-2 DNA. The conditions for hybridisation 
were as follows. The DNA samples were brought to the same 
concentrations, and 1-yg aliquots bound in spots to a strip of 
nitrocellulose filter by the method of Gillespie and Spiegelman"?. 
The filter strip was then incubated for 6h at 68°C in 6xSSC 
containing 0.02% each of Ficoll, bovine serum albumin (BSA) and 
polyvinyl pyrollidone (PVP). It was then transferred to 3.6 ml of 
this same solution containing 2 mM, EDTA, 0.5% SDS and ~7 x 
10’ c.p.m. of placental total RNA previously prepared’? and 
radiolabelled’? with '*°I. The mixture was annealed at 68 °C for 
15-16 h, cooled rapidly and the filter strip washed in 2x SSC, 
treated with RNase (40 ug ml’, 1 h, 37 °C in 2x SSC), washed in 
2xSSC, treated with pronase (400 ug ml! in 2xSSC, 1h), 
incubated in 2 X SSC, 0.596 SDS for 6 h at 68 *C, washed exhaus- 
tively in a large volume of 2xSSC, dried in a vacuum oven and 
autoradiographed for (a) 10 d, (b) 3 weeks at —70 °C using Kodak 
Royal X-omat XHI X-ray film presensitised by brief exposure to 
light from a calibrated masked flash gun. 
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Fig.2 Restriction digests of Ad-2 separated into fragment classes 
by electrophoresis on agarose gels stained with ethidium bromide 
and photographed in ultraviolet light, are shown paired with 
autoradiographs of '**I-labelled placental RNA hybridised to the 
same fragments after transfer to nitrocellulose filter membrane and 
hybridisation as detailed in the legend to Fig. 1, and in the text. The 
bands in the digests are identified by letters to the left of each gel 
track. For technical reasons, the smallest restriction fragments do 
not photograph satisfactorily, and some of the minor autoradio- 
graphic bands are difficult to detect consistently together in the 
same autoradiograph. Because of this we have included a third 
track which indicates, diagrammatically, foreach enzyme digest, all 
the bands to which we have obtained hybridisation in replicate 
experiments. These data are also shown below the photographs in 
the form of maps of the positions of the restriction fragments 
obtained with each enzyme in relation to the Ad-2 DNA map, 
which is divided into 100 fractions, according to the usual con- 
vention. The restriction fragments which hybridise with placental 
RNA are indicated for each digest by dotted lines over the frag- 
ment concerned. From these data, the provisional. assignments 
have been made for the maximum limits to the Ad-2 genome 
sequences which hybridise with human total RNA; these are 
represented as double-ended arrows below the relevant locations. 
The conditions for electrophoresis were 1% agarose gels run at 
40 V for 10 h, or 80 V for 4 h, in a buffer containing 15 mM Tris, 
18 mM NaH;PO,, 0.5 mM EDTA, pH 7.8. 


These results indicated that Ad-2 DNA contained some 
sequences homologous with human RNA, although they did not 
show whether these might have arisen from possible 
contaminating host cell sequences. Nevertheless, the fact that 
Ad-2 and Ad-12 were grown in similar human cells but behaved 
differently on hybridisation with human RNA suggested that 
contamination was unlikely. To investigate this point, we 
hybridised the same DNAs after digestion with the restriction 
endonuclease EcoRI, which cuts à and adenovirus DNAs into 
small numbers of fragments; these can then be separated on 
agarose gels and transferred to nitrocellulose strips by the 
Southern procedure?! for subsequent hybridisation with the 
same '^ [labelled human RNA probe. After autoradiographic 
exposure there was hybridisation only to Ad-2 DNA. and this 
was limited to the EcoRI A and F fragments (Fig. 2). Separate 
lots of Ad-2 DNA were then cut with three further restriction 
endonucleases, BamHI, Ве and HindIII, which are known to 
produce genomal fragments overlapping and different from 
those produced by EcoRI. Hybridisation of human placental 
"5L RNA to these sets of fragments, as before, yielded the 
following hybridisation data (Fig. 2). 
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The fragments that hybridised were EcoRI А and Е; Наш 
A, B, D, FG, J and H (the latter two very faintly); BglII A, CD 
and E; and BamHI A, B, C and D. These data define the 
following provisional maximum limits for the hybridising 
regions. As only the A and F fragments of EcoRI hybridised, all 
the observed hybridisation must lie within these limits. As 
EcoRI A, BamHI B, HindIII G and Bglll E fragments hybrid- 
ised, but HindIII C or BglII B did not, the left end of HindIII C 
defines the most rightward limit of the first region of hybridisa- 
tion at 7.5 units on the Ad-2 map”. This region, from 0 to 7.5, is 
known to contain the transforming gene(s)**. Because the BglII 
B fragment did not hybridise, but the BglII A fragment did, the 
latter, with the other restriction enzyme fragments that overlap 
it, defines the beginning (left end) of the next region of hybridis- 
ation at approximately 26 units. HindIII I did not hybridise but 
Ніпа J did, so the I fragment defines a non-hybridising gap, 
and the left end of J defines the beginning of the next region of 
hybridisation at approximately 37 map units, extending to 
approximately 58.5 units, which is defined by the left end of 
EcoRI B, which did not hybridise. By the same reasoning the 
EcoRI F fragment must define the limits of the fourth region of 
homology as between approximately 70.7 and 75.9 map units. 
From this analysis, we presume that the doublet HindIII FG 
concerns hybridisation only to the G fragment, but that hybrid- 
isation occurs to both fragments of the BglII CD doublet. This 
point can be finally decided when a more complete analysis of 
the hybridisation patterns has been carried out. This provisional 
map summarising the maximum limits within which the hybrid- 
ising regions lie is given diagrammatically in Fig. 2. 





Fig. 3 Autoradiographs showing concentrations of Ad-2 
complementary RNA in placenta. Ad-2 DNA labelled by the 
‘nick-translation’ reaction with °H, was denatured and hybridised 
in situ to frozen sectioned human placenta in conditions that detect 
complementary cellular КМА?! a, A ‘solitary’ cell that shows a 
high concentration of label signifying a high concentration of 
Ad-2-related RNA. This cell type occurs relatively infrequently 
(about 2-3 per X40 objective field) and occasionally seems to be 
loosely attached to the tissue (5). This may reflect the fact that it is a 
circulating cell. c, An example of a generally labelled area of 
placenta, after hybridisation as above. The grain distribution in this 
autoradiograph suggests that whole areas of this tissue contain 
Ad-2-related RNA at a lower level than the solitary, highly 
labelled, cells shown in a and 6. Autoradiographic exposure 3 
weeks. Controls of similarly hybridised \ phage DNA were nega- 
tive. Scale bars, 10 jum. 
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Fig. 4 Thermal dissociation of hybrids formed between human 
total '?*J-labelled RNA and human total DNA (О), and Ad-2 
whole genomal DNA (@, sample 1; A, sample 2), from different 
sources. The curves show similar features, with both Ad-2 DNA 
samples having formed hybrids of rather higher thermal stability 
than total human DNA. Hybridisation conditions are described in 
the legend to Fig. 1. Dissociation was carried out by cutting spots of 
hybridised DNA from nitrocellulose filters of spot tests that had 
been shown to be positive by previous autoradiography on X-ray 
film as in Fig. 1. These were then counted by scintillation spec- 
trometry in toluene-based scintillation fluid, washed and then 
treated in diethyl pyrocarbonate 0.1 in SSC (0.15 M NaCl, 0.015 M 
sodium citrate, pH 7.4) for 30 min, washed in SSC, and heated for 
10 min in 1 ml 0.1 SSC and 0.1% SDS at each of the temperatures 
shown. The counts released were recovered from solution by 
trichloroacetic acid precipitation in the presence of 100 ug BSA 
per sample, dried by suction filtration and counted by scintillation 
spectrometry. Approximately 80% of the original radioactivity 
was recovered. 


This provisional map has been confirmed with a further two 
independently obtained samples of Ad-2 DNA and with 10 
separate samples of placentas, obtained from normal births, 
from two hospitals. We have also found the same pattern in the 
case of human adult liver RNA, and with liver, kidney, brain and 
spleen RNA obtained from a gorilla which died from the effects 
of minor surgery. The RNAs from four separate human cell lines 
maintained in permanent culture gave very faint patterns of 
hybridisation compared with the organ RNAs and are being 
studied in more detail. RNA obtained from chickens in the same 
manner as for other organs of primates did not hybridise in two 
separate tests. 

That human organ RNA and other higher primate RNA 
contain sequences with homology to certain regions of the 
genome of Ad-2, but that such RNA apparently is relatively 
much less abundant in cell lines of human origin, indicated that 
the distribution of cells having such an abundance was not 
uniform. We investigated this aspect by hybridising °H nick- 
translated, denatured Ad-2 DNA to human placental cryostat 
sections in situ using a method which permits hybridisation to 
mRNAs*"^, After S, nuclease treatment and thermal rinsing to 
remove unhybridised probe or poorly matched hybrids, the 
preparations were autoradiographed and examined micro- 
scopically. Strong hybridisation occurred only to certain cells in 
the sections. These seemed to be solitary cells, with hybridisa- 
tion to almost the entire area of the cell (Fig. За, Б). Other areas 
of the sections showed a lower level of hybridisation which was, 
however, above the non-cellular background (Fig. 3c). There 
was no hybridisation in the case of à phage 'H-DNA hybridised 
in identical conditions. We presume from this that the bulk of 
the RNA that hybridised is contributed by a tissue cell sub- 
population and that cells of this type are not among the cell lines 
that we examined. 
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Melting-temperature experiments 


We carried out melting-temperature experiments to determine 
the thermal stability of the the hybrids formed on nitrocellulose 
between Ad-2 DNA and placental RNA. These were done by 
cutting out the relevant hybridised spots from the filter and 
heating them in solution at increasing temperature (see legend 
to Fig. 4) to measure the loss of hybridised RNA from the filters. 
Hybrids formed between human **I-labelled total RNA and 
two separate Ad-2 DNA samples and with total human DNA 
were compared. As can be seen from Fig. 4, the melts of Ad-2 
hybrids showed similar characteristics and similar, though 
slightly higher, Tm values compared to the homologous hybrids, 
indicating that the hybrids to Ad-2 were reasonably thermally 
stable. This result was expected from the annealing conditions 
(legend to Fig. 1) which were quite stringent and essentially 
identical to those used in most published Ad-2 hybridisation 
studies (see discussion). We conclude that the hybrids that we 
detect between human RNA and Ad-2 DNA are at least as well 
matched as those in previous transcription studies of Ad-2. We 
are now investigating methods to determine the precise lengths 
of the hybridised regions. However, this is complicated by the 
fact that the organ RNA is to some extent degraded. 


Immunological studies 


Hybridisation between a viral DNA and human RNA from 
apparently uninfected tissues suggests similar protein coding 
functions in the sequences concerned. To test this hypothesis, 
rabbit cells infected with a clinical isolate of Ad-2 were used to 
raise antisera separately against the early-infected and late- 
infected cells (see legend to Fig. 5). The antisera were then 
reacted with six human cell lines (not shown) in an indirect 
immunofluorescence assay. All except one cell type, a human 
glioma (NG-118H) transformed by Rous sarcoma virus which 
was faintly positive, were completely negative. Controls of 
Ad-2-infected HEp 2 cells were brilliantly positive (Fig. 5a) as 
were transformed rat cells containing the extreme left-hand 
fragment of the Ad-2 genome" (not shown). Placental sections 
were also positive when treated with the anti-early antisera (Fig. 
5b,c), but not with anti-late-infected cell antiserum. The 
fluorescence was concentrated on the surfaces of cells lining 
what seemed to be channels in the tissue as well as occurring 
diffusely in the cytoplasm of many areas. Some cells showed the 
nuclear fluorescence usually seen in transformed cells. 
However, this was rare and not intense. Of 10 placentas tested, 8 
were undoubtedly positive in these tests and 2 were judged 
negative. We do not understand this variation, as all were 
positive in hybridisation tests for Ad-2-related RNA; however, 
it may be due to the fact that the antigens concerned are unstable 
and that the variations reflected the variable storage conditions 
of the tissues before we obtained them. 

Antigens were then solubilised"* from placental tissue and 
tested by gel diffusion in Ouchterlony plates against both early- 
and late-infected cell antisera, using controls of Ad-2-infected 
rabbit cell antigens (Fig. 6). There was no reaction with any 
dilution of uninfected cell antigens (not shown). Strong pre- 
cipitin lines formed between the early-infected cell antisera and 
the antigens of both early- and late-infected cells, as expected, 
for both will contain the same early antigens, although presum- 
ably in different concentrations. Weaker but quite definite 
precipitin lines formed between this same antiserum and the 
wells containing placental antigens, and these showed partial 
identity with one of the lines originating from the early-infected 
cell antigen wells but no identity with late-infection antigens. 
The tests against anti-late-infected cell antisera were even more 
strongly positive against the infected cell antigens, particularly 
the late-infected cells. However, there were no visible precipitin 
lines between this antiserum and the wells containing placental 
antigens. Separate tests were then carried out in which a range of 
dilutions of the placental antigens were tested against each 
antiserum separately. No dilution used gave any precipitin lines 
with the late-infected cell antiserum (not shown). The early- 
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Fig.5 Indirect immunofluorescence tests for antigens on: a, Ad-2 
early-infected human cells (HEp 2); b, c, normal human placenta 
cryostat sections, using antiserum raised against Ad-2 early- 
infected rabbit cells (Rk-13), at a dilution of 1/40 and sheep 
anti-rabbit igG conjugated with fluorescein isothiocyanate 
(Wellcome). The rabbit cells were grown in medium 199 supple- 
mented with 2% rabbit serum and the antisera raised in rabbits. 
Cells were infected for 20 h in the presence of 20 ug ml 7! eytosine 
arabinoside. The resulting antiserum was negative for virus neu- 
tralising activity. Uninfected cell antiserum was also raised and was 
negative by immunofluorescence with these same subjects, and 
infected cell antiserum was negative with both uninfected HEp and 
RK-13 cells. The infecting adenovirus was obtained from a clinical 
isolate. Antiserum to late-infected cells was negative in similar 
tests. Fluorescence in the HEp cells is mainly on nuclear structures 
with some cytoplasmic fluorescence. Placental sections show 
stronger fluorescence in cytoplasmic regions, especially on what 
are apparently cells lining channels or vessels in the placenta, but 
nuclear fluorescence is also visible. These resuits, which demon- 
strate the presence of cross-reacting antigens between early- 
infected and apparently uninfected placenta, have also been 
obtained with all other tissues but not with cell lines tested (see 
text), and are confirmed by Ouchterlony gel diffusion (Fig. 6 and 
text). 


infected cell antiserum, however, showed a single precipitin line 
that altered position between the antigen and antibody well 
depending on concentration. This shift is due to antigen-anti- 
body concentration which affects the solubility and hence the 
mobility of the antigen-antibody complex. The fact that there 
was no precipitin line in the case of anti-late-infected cell 
antiserum suggests that the concentration of the relevant anti- 
bodies to early-infected cell antigens was very low. 

We conclude from these preliminary immunological experi- 
ments that rabbit cells infected with Ad-2 contain certain 
antigens that are not present in uninfected rabbit, or human, 
cells in culture. We further conclude that some of the Ad-2- 
induced antigens are identical to tissue antigens present in most 
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Fig. 6 Ouchterlony gels showing patterns of precipitation 
obtained between a, anti-early Ad-2-infected Rk-13 cells, and 5, 
anti-late Ad-2-infected Rk-13 cell antisera. Wells are numbered 
1-6 in the same manner in each case. Wells 1 and 4 contained 
dilutions of 1/50 and 1/100 of late Ad-2-infected antigens; 
2 and 5 contained dilutions of 1/50 and 1/100 Ad-2 early 
infection antigens; 3 and 6 contained 1/50 and 1/100 dilutions 
of placental antigens. An interpretation of the pattern seen in a 
is shown below it. In a, precipitin lines can be seen between both 
wells containing placental antigens and the central well containing 
anti-Ad-2 early-infected Rk-13 cells. In 3 there is a suggestion of 
partial identity with one of the lines associated with well 2 as judged 
from the single spur. There are no lines visible between the central 
well and wells 3 and 6 in b, indicating absence from the late- 
infected cell of antigenic components related to those of normal 
placenta. Dilutionexperiments with this particular combination 
over the range of 1/10 to 1/1,000 of antigen concentration 
revealed no precipitation (not shown); however, a similar range of 
dilutions of the same combination in the case of a showed an arc of 
precipitation spiralling out from the centre well according to the 
dilution of antigen; this is shown in c, in which all wells contained 
placental antigen, as follows: (1) undiluted; (2) 1/10; (3) 1/50; (4) 
1/100; (5) 1/1,000; (6) saline. These data confirm that normal 
human placentas express antigens that are associated with Ad-2 
early infection as shown by immunofluorescence in Fig. 5. 


human placenta samples, concerning mainly the early proteins 
of the adenovirus infectious cycle. Such antigens are not detect- 
able on cell lines of human origin by immunofluorescence but 
were present in all tissues of gorilla (not shown). We are now 
attempting to characterise these antigens in more detail. The 
presence of antigens related to Ad-2 early function proteins in 
humans and in gorilla tissues correlates with the presence in 
these tissues of RNA molecules that hybridise with regions of 
the Ad-2 genome involved in coding early function proteins. We 
suppose from this that these RNAs code for the antigens that are 
shared between apparently normal human, and other primate, 
tissues. The in situ hybridisation result using Ad-2 DNA probes 
suggests that certain cells, or cells in a certain transitory state, 
which constitute a minor subpopulation in the placenta, contain 
a high concentration of the Ad-2-related RNA. The connection 
between this observation and the fact that the antigens con- 
cerned are rather ubiquitous in the tissues examined is unclear 
but is discussed below. However, as there are at least four 
regions of the Ad-2 genome that hybridise, it is possible that 
different cell types contain different proportions, or types, of the 
corresponding, homologous, RNAs, and consequently code for 
different antigenic moieties. 


Discussion 


The present findings are unique in the sense that there have been 
no previous reports of RNA sequences related to adenoviruses 
in apparently uninfected human cells. These findings are parti- 
cularly intriguing as they relate to adenoviruses that are potent 
transforming viruses in animal hosts? ^. Moreover, the regions 
of homology include sequences in the extreme left-hand end of 
the Ad-2 genome that contains transforming genes of this virus. 
The consistency of the findings, there being no negative results 
in the 11 human tissue samples included in this study, indicates 
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that the RNAs concerned may be ubiquitous in the population. 
Moreover, the presence of the same RNA molecules in gorilla is 
indicated from the similarity of the hybridisation patterns 
obtained with RNA from kidney, liver, spleen and brain. This 
suggests that the RNAs may also be common within the higher 
primate group, although more examples, involving some from a 
natural population, will be essential to support this. 

Our criteria for hybridisation of the RNAs to Ad-2 DNA are 
those normally used in hybridisation mapping of Ad-2 (refs 25, 
26) and are reasonably stringent taking the genome as a whole. 
Increasing the hybridisation temperature to 75°C reduced but 
did not prevent hybridisation. Moreover, the thermal stability of 
the Ad-2 DNA - human RNA hybrids seems representative of 
hybrids formed between human total DNA and the same human 
RNAs used in this work. We conclude from this that the hybrids 
are reasonably well matched. This is supported by the fact that 
there is demonstrable homology between the antigens coded 
during infection by Ad-2 and those present in human placenta 
and liver, and gorilla organs, which indicates similar coding 
functions of the RNA produced early in Ad-2 infection and that 
present in apparently normal higher primate organs. 

These data, although consistent, are at present limited and the 
possible interpretations are, correspondingly, tentative. 
However, the findings are provocative and invite some specula- 
tions as to their significance. The RNAs concerned may have 
originated in either of two, not necessarily mutually exclusive, 
ways. Namely, host acquisition by an infectious process or the 
evolution of Ad-2 (and the C group adenoviruses) through the 
acquisition of nucleotide sequences similar to those found in the 
natural primate host. 

The facts relevant to these interpretations are that only 
certain Ad-2 DNA regions are represented in human RNA. 
This tends to rule out a productive Ad-2 infection as the RNA 
source, as we would then expect to find RNA representative of 
the whole genome. Because all individuals investigated 
contained the RNAs in question, it is obvious that the mode of 
transmission is very efficient. This rules outa particular defective 
virus as the source unless we also assume that transmission is 
vertical and widespread. In this case, it is debatable whether 
such sequences belong to the host or to a virus. We cannot, 
however, exclude the possibility that the sequences we detect 
belong to a non-defective, incompletely Ad-2-related virus, in 
our view an unlikely explanation, or that Ad-2 DNA may be 
carried in the manner of Epstein-Barr virus”, following 
infectious contact and subject to specific host transcriptional 
control. 

The second hypothesis is that Ad-2 and related strains have 
evolved, or otherwise acquired, genes that are related to certain 
genes of their natural hosts. As it is known that Ad-5 can 
integrate with host DNA", such evolution seems likely. Also, 
RNA tumour viruses of chickens and mice contain sequences 
related to their host cells. In avian sarcoma viruses the trans- 
forming gene src is related in nucleotide sequence to the host 
gene ѕагс'?. It is also known that the transforming region of a 
primate virus SV40, which is totally unrelated to Ad-2, is rather 
similar to Ad-2 in its transcriptional structure?, although it is 
not known whether the proteins coded are functionally 
analogous. Such convergent evolution might reflect the fact that 
both viruses have acquired or evolved control elements con- 
cerned with the same host function, as both are primate viruses. 
Presumably, the advantage of such a mode of evolution would 
be that the virus would be better adapted to subvert host 
functions, for example, by using the host RNA splicing systems. 
Pressure to acquire control of the same system on the part of 
unrelated viruses could stem from the fact that the functions 
concerned are key elements in growth control. In this regard it is 
known that Ad-2 replicates in human cells significantly faster 
than Ad-12 (refs 30, 31), which does not, as far as we can detect, 
share the host-related nucleotide sequences. 

Whether or not either hypothesis is wholly correct, our 
findings do indicate that human cells possess transcripts, from 
whatever source, closely related to DNA that maps within the 
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transforming region of the adenovirus genome. This may be 
relevant not only to how the virus itself replicates and trans- 
forms, but also to how malignant human cells may alter their 
growth patterns. Moreover, at least four regions of homology 
are detectable which may mean that at least four different RNAs 
related to the viral DNA exist in human cells. In future studies 
these can be recovered and their corresponding genes cloned 
and identified. In the event that the second hypothesis is 
substantially correct, such genes may relate to important 
functions connected with cell and virus growth control: A search 
for similar sequences related to other DNA viruses is 
suggested from the fact that antigenic similarity has been 
described between SV40-induced surface antigens and fetal 
antigens in hamsters™. 

The fact that Ad-2 early function antigens cross-react 
immunologically with apparently ubiquitous antigens present in 
the natural host, regardless of their origin, is likely to be 
medically significant. Bacterial pathogens that share antigens 
with human cells can precipitate autoimmune reactions, as in the 
rheumatic disease caused by Streptococcus pyogenes infections. 
Persistent adenovirus infections might therefore, by analogy, 
precipitate similar diseases. Thus, there might be a link between 
other rheumatic conditions or autoimmune diseases and the 
antigens that we detect. Of particular interest here is the identity 
of the cell type that seems to synthesise a high concentration of 


Ad-2-related RNA as determined by in situ hybridisation. If . 
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such synthesis implies a high content of related antigens, such a 
cell might be particularly at risk from an autoimmune reaction 
directed at these common antigens. 

The cellular source of the cross-reacting antigens in placental 
tissue is unclear. By immunofluorescence, these antigens are 
widely distributed in the tissue. However, they do not appear on 
tissue-cultured cells of human origin. Moreover, the cell type 
that apparently possesses the greatest amount of Ad-2-related 
RNA as determined from in situ hybridisation, and thus is 
presumably most likely to synthesise most antigen, is relatively 
rare. One possible explanation is that different RNA molecules, 
related to different regions of the Ad-2 genome, are not equally 
abundant in all cells. Another is that the antigens or their 
precursors circulate in blood or other body fluids and/or that 
their distribution is altered as a result of post-mortem changes, 
such as blood clotting. Such a mechanism would partly explain 
why these antigens have not generally been found on cells in 
culture. 
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A jet associated with М89 - 


AN optical jet, extending 10 arc min from the elliptical easy 
M89 (NGC4552) is reported here. Two low surface brightness 
shells partly surround the galaxy and a much fainter arc, 
13 arc min away has also been detected. The jet was found on 
five deep plates of the Virgo cluster obtained by the 1.2-m UK 
Schmidt Telescope. Three sky-limited Шаў (bandpass 395— 
530 nm) and two ШаЕ (630—685 nm) plates were taken on 
hypersensitised! emulsions. A slightly different plate centre was 
used for two of the plates. 

The faintest objects on the plates were made visible - -by a 
contact copying process designed to detect very low surface 
brightness structures*. High contrast positives from the deepest 
Ша] plates were superimposed in register to reduce grain noise 
(Fig. 1). Low contrast detail, buried in the envelope of M89 was 


revealed by using an unsharp mask? to remove the large-scale ` 


density variations in the images. Objects smaller than 
~1 arc min меге unaffected by the mask and were further 
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emphasised by the contrast enhancement process. Three of 
these high-contrast spatially-filtered positives were again 
superimposed in register. All the features clearly discernable on 
either kind of derivative made from at least two of the original 
plates (before superimposition) are sketched in Fig. 2, which is 
reproduced to the same scale as Fig. 1. A similar series of 
processes, using the same set of plates, was carried out on the 
superficially similar galaxy M84 (NGC4374). No unusual fea- 
tures were found.’ 

All the derivatives from each of the plates clearly show a jet 
(A in Fig. 2) at a position angle of 115? extending 10 arc min 
(~36 kpc) from the nucleus of M89. The jet is brighter towards 
its tip but retains the same apparent width (—5 kpc) until it 
merges with the outer envelope of the main galaxy. The jet 
itself is slightly curved and contains some brighter condensa- 
tions. One of these, '(E) is off the axis of the jet and could 
be a background object. The outer envelope of the galaxy shows 
a distinct bulge on the eastern side, opposite the jet. To the south 
a sharply defined arc (B), reminiscent of a supernova remnant 
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Fig.1 Superimposed high contrast copies of two sky-limited Ша] 
plates showing the jet. and three concentric shells. Same scale as 
Fig. 2. 


Shell, is visible, concentric with the nucleus of M89 and —11 kpc 
long. The jet and southern arc are more obvious on the blue 
plates than on the red and are just visible on the originals. 
Diametrically opposite the southern bright rim and at a similar 
distance from the nucleus is a more diffuse arc (C) which appears 
as a circular patch on the red plates. The condensation D and 
extremely faint arc F, 47 kpc from the nucleus are evident only 
on the two deepest Ша] plates. 

The dotted circle in Fig. 2 is the equivalent apparent radius of 
M89 at a (B) magnitude of 26.91 arcs ^ obtained from the 
photographic photometry of Fraser*. The circle is centred on the 
position of the optical nucleus. 

In view of their low surface brightness, the nature of the jet 
and shells will be difficult to establish. Although the jet is of 
comparable brightness on the blue and red plates, suggesting 
that it is continuum emission, it could have a spectrum exhibiting 
[О Ш] 4959 and 5007 and Ha emission lines. This would be 
hard to reconcile with the known lack of interstellar gas in 
normal elliptical galaxies. Pure continuum could indicate 
synchrotron radiation, but no radio jet was found in obser- 
vations by Heeschen?. The jet is therefore probably composed 
of stars. Tidal interaction with another galaxy cannot be dis- 
counted as the disruptive force but there seems to be no likely 
candidate in the vicinity and that mechanism would not account 
for the active radio nucleus or the concentric shells. The nucleus 
is a compact radio source, with a flat spectrum similar to that 
found in variable QSOs. The nucleus of M89 is variable at 6 cm 
(R. D. Ekers, unpublished data). The optical spectrum is 
unique among the limited number of active radio galaxies 





4 10 arc min 


Fig. 2 Location of low contrast features visible in the spatial 
frequency-filtered derivatives of three Шаў plates. 
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examined by Disney and Cromwell? in that it exhibits no emis- 
sion lines. It seems likely that the jet and concentric shells are 
stars displaced by one or more violent outbursts in the active 
nucleus of the galaxy. 

I thank P. G. Murdin for useful comments and Drs J. Jones 
and R. D. Cannon for access to original plates. 
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Theory of the Earth-synchronous 
rotation of Venus 


CARPENTER’ noted in 1966 that the radar observations of the 
rotation period of Venus gave a figure remarkably close to one at 
which Venus would present the same aspect to the Earth at each 
inferior conjunction. Goldreich and Peale’ discussed this as а 
possible resonance with a gravitational couple exerted by the 
Earth on a permanent transverse quadrupole moment of Venus, 
but noted that such a couple would be expected to be much 
smaller than that due to the Sun acting on the solid body tide. 
The rotation would continue to slow down due to tidal friction, 
and could not have been arrested in the resonance. We therefore 
proposed’ that the solar couple on thermal atmospheric tides 
might be expected to apply an acceleration to the spin of Venus, 
thus opposing the body tidal frictional deceleration. (An effect in 
that sense occurs for the Earth.) The two opposed torques would 
have a different dependence on the rotation speed of Venus, and 
might balance at a particular value. As the rotation speed 
approached this value, the torque necessary for capture into a 
resonance would have become very small, and the effect exerted 
by the Earth might then be sufficient. A diurnal pressure wave of 
as little as 1 mbar could balance the body tide. Ingersoll and 
Dobrovolskis* have reconsidered this suggestion, and attempted 
a quantitative calculation of the atmospheric tide. Although 
their result seems to favour the theory, we show here that their 
approach is not valid. Ingersoll and Dobrovolskis consider a 
quasi-static atmosphere heated diurnally, and then calculate the 
mass distribution and hence the solar couple that results. But the 
quasi-static assumption is not justified for the known circum- 
stances on Venus. Wind speeds must be expected, and have 
indeed been observed, that cause an advection of heat substan- 
tially faster than the motion of the subsolar point over the 
surface (—4 ms); in these circumstances the atmospheric mass 
distribution will be determined by the dynamics of the convec- 
ting atmosphere. (The acceleration terms rather than tempera- 
ture make the main contribution to horizontal variations of 
pressure and density.) A secure result cannot be obtained until 
the flow patterns and velocities are known, from a detailed 
theory of planetary convection, or from direct observation. 
Some considerations can immediately be used to show that 
the dynamical effects are likely to be as strong or stronger than 
we showed to be needed for the resonance capture. First, wind 
speeds on Venus are fast relative to the planet's rotation rate, 
unlike the case for the Earth. The slow diurnal rotation (117 d) 
and the deep, radiation-absorbing atmosphere of Venus make it 
probable that most of the global convection pattern is relatively 
stationary with respect to the subsolar point, rather than being 
carried around with the planetary rotation as is the case for the 
Earth. Cloud pattern photography, for example, of the 
permanent disturbance downwind from the subsolar point, 


© Macmillan Journals Ltd 1979 


Nature Vol. 277 25 January 1979 


substantiates this, but is available as yet only for the upper 
atmosphere’, The atmospheric mass asymmetries created: by 
this motion are subject to a continuous solar torque. Indeed they 
may help produce the high altitude 4-d circulation’. 

Second, the wind speeds of such an advection have been 
estimated by several authors’, and speeds of the order of 5 m s^? 
are expected in the densest levels of the atmosphere (above the 
surface boundary layer). On a slowly rotating planet, the 
dynamical pressure fluctuations associated with this, such as the 
pressure drop in a large eddy, are then of the order of pv”, where 
р is the density and v- the wind speed. ‘This suggests that 
variations of 15 mbar in the surface pressure are to be expected, 
a figure substantially larger.than the minimum of 1 mbar that we 
showed to be adequate for the-tidal stability of the resonant 
rotation. 

Soviet measurements® with Veneras 9 and 10 found eid 
speeds of 40-50 m s^! down to 30 km above the surface. The 
corresponding value for pv? is ~180 mbar, and similar absolute 
values of the pressure fluctuations are then expected to occur 
down to the surface. These measurements, which generally 
confirm the calculations of Gierasch et al’, also indicated that 
wind speeds were similar over a substantial (~20°) range -of 
longitudes*®, making it clear that they were associated with 
large-scale patterns rather than merely small-scale turbulence 
that would be inconsequential for tidal effects. The figure of 
180 mbar is so much in exéess of what is required that the 
distribution of the atmospheric mass .assymetry can be very 
inefficiently organised and still -be enough to stabilise the 
resonant rotation against solid body tidal drag. 

We conclude that the dynamical effects of convection will give 
the Venus atmosphere asymmetries in its mass distribution with 
respect to the Sun that are fully expected to provide an adequate 
couple for.the Earth-resonance theory. A more detailed dis- 
cussion depends on an improved шше of tie entire 

“atmospheric dynamics. 

We thank Dr P. Gierasch for helpful далын This work 
was supported by NSF grants AST-17838-AO3 and AJM-76- 
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Size of scallops and 
ripples formed by flowing water 


THE passage of water over a soluble solid wall often gives rise to 
intersecting polygonal depressions or- horseshoe-shaped pits 
known as scallops and flutes'*. The geometry of these surface 
deformations is remarkably reproducible in given flow condit- 
ions, but there is no generally agreed theoretical framework for 
predicting their characteristic dimensions, such as the. spacing 
between succeasive transverse ridges. I present here indirect 
evidence in support of {һе hypothesis that the scalloping of 
soluble surfaces is due to the imprint of eddy patterns inherent in 
turbulent flow near a passive wall, and argue that small ripples 
on a granular bed may be formed in essentially the same way. 
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The attribution of bedform morphology to the structure of 
wall turbulence, rather than to the Роу properie of the bed 
itself, has been suggested several ti . We may call this 
basic assumption the wall-similarity hypothesis, since it implies 
by dimensional arguments referred to in the turbulence litera- 
ture as the principle of wall similarity’, that a characteristic 
length scale of the bedform should be a universal multiple of 
v/u,, where v is the kinematic viscosity and u, is the friction 
velocity. Although the wall-similarity hypothesis has been 
shown to account successfully for the size of scallops formed 7 
dissolution both in geophysical flows? and in laboratory studies 
its validity range is uncertain!, and in particular no attempt has 
been made to apply it to features Observed on granular beds. 
Among the diverse bedforms associated with non-cohesive 
sand, those described as ripples* resemble dissolution scallops 
most closely i in size, and hence have the strongest claim to an 
explanation in terms of the wall-similarity hypothesis. However, 
it has been demonstrated experimentally’? that ripple 
wavelength does not depend in a simple linear manner on v/ u,, 
and this has been taken to mean that wall-similarity concepts are 
not relevant to sand beds!!. 

Most of the literature on bedform morphology refers to flows 
occurring in nature or-to laboratory simulations of geophysical 
flows, but several instances have been reported of flow-induced 
wall deformations in man-made industrial plant. A striking 
example is the formation (probably by a dissolution process) of 
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over а smidoth wall. For the key see Fig. 1. Сивон Ше: = 
Я А Ug ™ 2uso- n 


а 
Р АЫ. 


rippled. layers of magnetite оп thé internal surfaces of boiler 

g hot ‘water at a velocity of а {еъ metres per 
кыны 15 The morphology ofthe deposits is very like that of 
cave scallops or river-bed ripples, but the ‘ longitudinal 
wavelength is much smaller, of the order of 200—350 шт. Such a 
reduction of scale agrees well with wall-similarity predictions. 

Several published accounts of wall deformations generated by 
flow are summarised in Fig. 1. The reported morphologies differ 
in detail, but all the deformations can be described as either 
scallops or ripples, displaying a definite transverse character and 
a well-defined average spacing, A, in the direction of flow. Some 
of the original papers do not give sufficient information to permit 
exact calculation of »/u,. In these cases, plausible assumptions 
have been made regarding water temperature or Reynolds 
number, and where necessary i, has been taken to be twice the 
friction velocity appropriate to a smooth wall at the same bulk 
flowrate, as calculated using thé Moody chart? for pipe flows or 
by assuming a universal logarithmic velocity profile’ for the 
flume and channel flows. This method of estimating u, was 
based on an analysis of those sources giving information on the 
increase in resistance to flow accompanying the formation of 
scallops and ripples (Fig. 2). 

The approximate proportionality apparent in Fig. 1 between A 
and v/u, over a range exceeding four decades “of length 
represents strong support for the wall-similarity hypothesis. 
Most of the data are fitted within a factor of two or three by the 
formula А = 10° v/u,. Figure 1 includes some of my experimen- 
tal points, obtained using a variety of granular beds, of order 
1 mm thick, in a small laboratory flume. My results, considered 
in isolation, do not show the trend A © v/ u,, but the group.of 
points taken as a whole falls ой the ваше line as data referring to 
the corrosive dissolution of steel’™"*, газа? and copper”, the 
plastic shear of bitumen? and aluminium? and the rippling of 
colloidal-particle deposits in a water шаіп2*2°, On deeper sand 
beds’, ripple wavelengths are larger by a factor of.~4 than those 
obtained in my tests, suggesting that the height-attained by 
ripples, s, may influence their spacing; this idea is supported by 
the fact that as ripples develop from an initially plane bed, their 
wavelength increases until eventually stabilising as an equili- 
brium ripple height is reached”. Linear regression applied to 
the deep-bed data in the form A = Av/u, * Bs yielded A= 
1,250, in satisfactory agreement with my shallow-bed results, 
and В = 13.3, a value. consistent with the’ commonplace visual 
observation that in the lee of a ripple crest there is an unsteady 
recirculation zone extending a distance of the order of 10e 
downstream. However, allowance for ripple height does not 
adequately ! account for the anomalously large spacing of river- 
ice ripples”, and it is possible that additional corrections to the 
basic wall-similarity : estimate,’ as yet unidentified, will prove 
necessary for the acturate prediction of А. 
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As there is no systematic divergence in Бір... 1 between data 
points relating'to the ‘rippling оѓ granular beds or plastically 
deformable surfaces and points referring to dissolution proces- 
ses, it seems that thé applicability of the wall-similarity: hypo- 
thesis is not limited to dissolution scallops alone. The evidence 
suggests the size ої both scallops and ripples is'determined 
primarily by the scalé of-pre-existing eddies in’ the adjacent 
turbulent flow. If circumstances permit the surface deformations 
to become so pronounced that extensive regions of separated 
flow'are set up behind crests, the morphology arid characteristic 
dimensions of the deformations will in general be modified, but 
it seems that this should properly be regarded as a 
complication. Flow separation may: perhaps be best considered 
as responsible merely for ‘furnishing final sculptural details, 
determining, for example, whether scallops are formed rather 
than ripples, while the overall scale of the bedform has its origin 
in eddy patterns already present in the flow before surface 
irregularities have become sufficiently marked to induce 
separation. (These remarks do not, of course, apply to saree 
scale bedforms such as dunes or antidunes.) 

If this perspective is accepted, the fact that the wavelength of 
ripples on a granular: bed does not vary directly with »/u, is no 
longer irreconcilable with wall-similarity ideas. Suppose, .for 
example, that the amount by which u, exceeds the threshold of 


` movement is a factor affecting bedform length scale, possibly 


through itsinfluence оп ripple profile and hence on the extent of 
the separation zone in the lee of a crest. Such a second-order 
effect, although subsidiary in the sense that it-operates im the 
context of a bedform whose chüracteristic dimensions are fixed 
principally by turbulence length scales may, nevertheless, mask 
the simple linear dependence of A on v/u, when Ње. latter 
quantity is varied over the necessarily restricted range available 
in flume experiments, where и, is bounded below by the 
threshold'of movement and above by the necessity of preventing 
the ripples giving way to a different bedform regime. 

The -wall-similarity hypothesis for the rippling of gtanular 
beds may also provide an explanation for'the absence of ripples 
when grains are larger than a critical size. For grain Reynolds 
numbers which are not too small, the Shields criterion is* 
us, 7 0.2(Apgd/p) ^ where Usa is the friction velocity at the 
threshold of movement, g is the water density, Ap is the 
difference in density between particle and fluid, d is the particle 
diameter and g is the gravitational acceleration. The maximum 
observable ripple wavelength for a bed of grain size di is there- 
fore 


Amex = 1,000 v [ugs S, 000 v(Apgd/p) ^ . - 


But as the height of a fully developed ripple i is usually i no more 
than a tenth of its wavelength, a ripple will be indistinguishable 
from background bed roughness unless А... > 20d, say. Hence 
the grain size above which rippling. would no not be observed may 
be estimated as 


deam (2500)? (Apg/p)" P С. JM 


Inserting physical properties appropriate to sand and water at 
ambient temperatures,-the predicted- д is 1.6 mm, which 
compares favourably with the value of about 0.7 mm found 
empirically*'. 

Although no mechanistic explanation can be: given for the 
value of the constant of proportionality between A and »/u,, its 
order of magnitude suggests that the eddies responsible for 
the formation of scallope and ripples may‘ be ideritified with 
the coherent flow structures known as sublayer bursts?*??, 
The dynamics of sublayer: bursts arè not understood, but 
empirical studies ‘of turbulent flow over a smooth wall have 
established that they are elon ongated i in the streamwise direction, 
with a typical | lateral spacing**** of 100 v/u, and a longitudinal 
length scále? in the approximate range 1,000-1,500 v/ Uy. 
Relatively:féw experiments have’ been performed to examine 
how the behaviour of sublayer bursts’ is-modified by surface 
roughness ^^^, but in the case of a wall roughened by transvérse 
ribs the streaky structures: associated with bursts have been 
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obsetved in the regions between ribs™. The bursts, which near a 
smooth surface occur randomly in position and time, possibly 
become locked into the irregularities of a deforming wail, 
thereby imposing bedform dimensions which reflect their own 
characteristic longitudinal scale, approximately 10° v/u,. This 
speculation receives some support from evidence that bursts can 
impose their lateral length scale when longitudinal grooves are 
formed on a soluble? or erodible**** wall. It is also interesting 
that as the flowrate is varied over a wall into which artificial 
ripples have been machined”, the. resistance to flow passes 
through a maximum when the ratio between ripple spacing and 
v/ us is ~10° (Fig. 1). Such a resonance phenomenon is consis- 
tent with the postulated tendency of sublayer bursts to lock into 
a spatially periodic pattern of transverse ridges: at resonance the 
surface morphology can be envisaged 8s giving the maximum 
possible asaistance to the bursts in projecting low-momentum 
fluid towards the core of the flow, augmenting the Reynolds 
stress. 

This work is published by permission of the Central Electricity 
Generating Board. 
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Iron-nickel 50-50 superstructure 
in the Santa Catharina meteorite 


MOSSBAUER effect and X-ray diffraction measurements have 
shown' that thin lamellae of: the Cape York and Toluca 
meteorites contain the ordered phase Fe-Ni (50-50%) with the. 
structure [210 (refs 1—3). The bulk of these meteorites consists 
mainly of body centred cubic (b.c.c.) iron-nickel a-phase alloy. 
We report here Móesbauer spectra, electron. mi robes and 
X-ray measurements which show that in contrast! to this, the 
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bulk of the Ni-rich (23596) Santa Catharina Ataxite consists of 
up to 50% Fe-Ni su 

Thin ‘slices of the bulk of the Santa Catharina meteorite from 
specimens of the collection from the Museu Nacional in Rio de 
Janeiro were cut with a precision saw, carefully avoiding thermal 
stresses in the sample. Absorbers for Móssbauer spectra 
measurements were prepared by polishing the slices to a thick- 
ness around 70 um. The spectra were recorded with a 20 mC 
source "Co in Rh matrix with a velocity drive coupled to a 
multichannel analyser of 1,024 channels. A 370/145 IBM 
computer was used.for folding and-analysing the data with a 
lorentzian least square fitting. 


Absorption (7,) 











(тт!) 


Fig.1 Möesbauer absorption spectra of:'a, a thin slice (~70 pm) 
“ofthe Santa Catharina nicteonte; and 5, thin lamellae of the Toluca . 
-meteorite. The spectra were recorded at room temperature 
(22 °С). ав 


e e 
' 


Figure 1 compares a spectrum of the Santa Catharina sample 
with one obtained in the same conditions with a thin lamella of 
the Toluca meteorite, in which X-ray determinations showed 
the presence of the superstructure!. Both spectra are a super- 
position of two spectra: (1) a central line from a paramagnetic 
phase; and (2) an asymmetric 6-line spectrum, due to the L10 
superstructure, which gives rise to a quadrupole splitting caused 
by the non-cubic surroundings of the iron atoms in this alloy. 
The magnetic hyperfine field H, and the electric quadrupole shift 
& of the Santa Catharina sample are about the same as those 
observed with the lamella (lamella: Н, = 289 4: 2.kG, s ~0.20+ 
0.02 mms !; Santa Catharina: Н,=291+3 КО, e-0.174 
0.02 mm s^). The linewidths obtained with the Santa Catharina 
(Ге. 0.52 пип!) are larger than those obtained with the 
Toluca lamella (Г ~.0.32 mm ғ). This may be.due to the larger 
thickness of the sample. Only: minor changes, both in the 
paramagnetic central line and in the magnetically split Móss- 
bauer spectrum, were observed on going from room tempera- 
ture to liquid: nitrogen (77K) and liquid helium (4.2 K) 
temperatures. This surprising result, will be discussed in detail 
elsewhere. 

As has been observed with the Cape York lamellae”, the 
Móssbauer. spectra of samples from the Santa Catharina 
meteorite at 732-K show that the breakdown of.the superstruc- 
ture occurs over a time scale of ~10 h. 
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From our results, the area ratio of the 6-line spectrum to the 
single line, we conclude that ~50% of the Santa Catharina 
meteorite consists of the ordered Fe-Ni alloy with L10 struc- 
ture. In the limits of sensitivity of the Móssbauer effect no 
evidence was found for other iron-containing minerals. 

Electron microprobe (Microscan 5, Cambridge Scientific 
Instruments) analysis of the polished Santa Catharina samples 





Fig. 2 Back-scatter electron image from electron microprobe 
analysis of a polished surface of the Santa Catharina sample. From 
point analysis determination it is found that the dark areas 
correspond to the Fe-Ni ordered phase whereas the light ones 
correspond to the Fe-rich paramagnetic phase. 


indicates clearly the presence of at least two phases? as shown in 
Fig. 2. Microanalysis at points of the two phases indicate, from 
an average of 50 determinations, that the darker phase has a 
homogeneous composition, 51-50% (by weight) of Ni and 
49-48% of Fe and that the lighter phase has a more hetero- 
geneous composition containing nearly 27% of Ni. The 
meteorite consists of an intergrowth of orientated domains of 
these two phases, which implies that slices cut from the 
meteorite will always contain both phases. The presence of 
oxygen and sulphur in maximum amounts of 1-2% were found 
uniquely on the Ni-rich phase. Larger proportions of oxygen 
have been reported in this phase from earlier microprobe work’. 
The discrepancy may be due to the fact that earlier measure- 
ments were made on a severely oxidised sample. The fact that 
our samples taken from the bulk of the Santa Catharina 
meteorite show only traces of corrosion demonstrates that care 
has to be taken when results from different specimens of the 
Santa Catharina meteorite are compared'?. We have also stu- 
died the sample from Santa Catharina by X-ray techniques. 
Oscillating crystal photographs show that the sample over areas 
of at least 1 mm? is essentially a single crystal, and that it 
contains the superstructure L10 of Fe-Ni. The X-ray pho- 
tographs showed no traces of martensitic a; phase. 

Remarkably ~50% of the Santa Catharina meteorite, which 
originally may have been a 25,000 kg meteorite'', consists of the 
ordered Fe-Ni structure. This structure has only been obtained 
by strong neutron or electron irradiation of disordered alloys at 
temperatures near the ordering temperature?" (Т. = 320°C). 
Diffusion processes substantially below Т, are too slow to obtain 
thermodynamic equilibrium". The presence of the ordered 
Fe-Ni in Santa Catharina and other meteorites” is probably 
due to the slow cooling of the meteorite parent body. 

Further experiments are in progress to clarify the nature of the 
iron-rich paramagnetic phase as well as the magnetic properties 
of the ordered Fe-Ni phase. 
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Paraffinic hydrocarbons from 
supercritical-gas extracts of 
coal as organic geochemical markers 


PARAFFINIC hydrocarbons have been proposed as indicators of 
the conditions obtaining during the deposition and subsequent 
maturation of sediments" *. We consider here the relationship 
between the rank (as measured by carbon content) of coals and 
analytical results for the alkane fractions obtained by a novel 
extraction procedure (under investigation for the derivation of 
liquid fuels and feedstocks from coal^5) which uses super-critical 
gases (SCG). We first discuss the limitations of n-alkane dis- 
tributions and then deal with acyclic isoprenoids, drawing parti- 
cular attention to the ratio of pristane to phytane. 

In the n-alkane fractions of coals, like those from some other 
sediments, odd carbon numbers predominate over even’, For a 
series of Saar coals the carbon-preference index (CPI) varied 
systematically from 1.59 to 1.00 with degree of coalification’, 
and a related parameter dropped from 15.3 to ~1.0 for 
Australian coals as the carbon content changed from 67% to 
over 90%. On the other hand, the CPI of n-alkanes from 
hatchettites (coal-associated minerals) varied only between 0.96 
and 1.06 (ref. 9). Recently, White et al. have questioned the 
correlation between n-alkane distributions and coal rank for 
paraffins from coal hydrogenated in the SYNTHOIL process’®, 

We have isolated paraffinic hydrocarbons from a variety of 
coal derivatives by silica-gel chromatography of the portion 
soluble in n-pentane. Gas chromatographic analyses were then 
made on both packed and capillary columns for whole alkane 
fractions and for the straight-chain and branched-plus-cyclic 
alkane fractions separated on a molecular sieve'' ^; mass spec- 
trometry enabled unambiguous identification of individual alk- 
апеѕ!2. Table 1 and Fig. 1 present our results for the dis- 
tributions of n-alkanes derived from SCG and Soxhlet extrac- 
tion, and low-temperature carbonisation rom UK, Turkish and 
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' Tabie 1 Orga of coal extracts and properties of derived aliphatx hydrocarbon fractions 


% Carbon ‘Abphate -` - ^ ч а 
. ‚ oco, ТР frachon — m-Alkanes — CPI* — .Significant! Ізоргепоҝн 
Coal (dry ash- Г Sot . hk. of , -concentrapon — p.p.m. of 
, source free bans Origm of extract ee coal сое! n-alkanes of alkence coal§ Pr/Ph Ret. 
Turkish lignite 1 (Elbistan) 67.3 extracton at 340 °C and 8 MPat 0.7 0.45 147 7 No 150 16 0 The work 
if extraction at 400 “С and 17 MPa 2.0 08 1.16 Yes ND ND  Thiswork 
Turkish lignite 2 (Sey- 711 SCG extraction at 349°C and 8 MPa’ 07 05 113 No 120 2.0 Ths work 
) © * Н Tt. 
Tarkosh hgnite (Tuncbüek) ` 74.6 SCG extrachon xt 400 “Cand 17 MPa ND ND 0.99 Yes ND 10 Thswork 
Sigma, South Africa 767 SCGextractron а! 350 “Саљі17 МРа, 0.09 006 133 МА МА 14 
А SCG extraction at 450 *C and 17 MPa, 0.5 03 101 Not stated NA NA 14 
|J Sozhlet extraction with 3:1 chloro- 0.05 0.03 1.93 NA NA 14 
1 form/methanol for 100h І i 
Pittsburgh, US 806 Low-temperature “temperature oysbodisa i КЕ NA NA. 102 o. Ye NA 6.0 This work 
E Ў (COED process) 
Thoresby, UK (CRC 801) | 814 Low-temperature carbonation -- ~0.54 ~0 34 102 Yes ~2004 43 Thework 
er | a - (R i ) n 
Daw MII, UK(CRC902) 826° SCGentracton at 400°Cand10MPa 0.6 0.3 104 ^ . Ya : 200 29  Thwwork 
MES 2s Soxhiet extraction with 7 3 ben- 0.07 70.03 1.07 ' No 70 26 Th work 
А D zene/ethanolfor SOh . 
Markham Main, UK (СЕС 827 SUD exte ics ou RH MEE ` 035 02 109 No 500 5.6 11 
802) ' ' E 
me - SCG extraction ‘at 400 *C and 10 MPa 16 - 0.5 1.08 No 500 35 This work 
m presence od Н H2/2nCl ` x 
Low а 'carbonisabon at ~0.44 ~034 102 , Yeo ~1504 44 Ths work 
З 430°C (Roombeat proces) - pO : and 15 
Soxhlet extrachon with 7:3 ben- 008 004 127 No 110 4.2 This work 


rene/ethanol for 50 h 





NA, not available; ND, not determined. 
* CPI = Жоба! (C15-Ca9)/even (C14-Crg) + odd (Cis-Cap)/oven (Cie-Cs9)) 
+ >0.01% of extract rogarded аз significant 


ee Ly a S DoD SOS VEL cea sa саа earns Мае analyns. , 
$ GC conditions. Sina gae cr cms exued wi OV-101 programmed foa 373 473 Kat 15m and for gher paraffins, a 2 m OV-1 


f. 


column. 
{Based on 10% tar yield?“ `. 


US coals, рае with Kershaw’ s data for extracts of a South 
African: coal'^. Ву. volatilising liquids otherwise insufficiently 
volatile to distil at the temperatures used, the SCG extraction 
process** yields. much .greater amounts of paraffins than 
conventional extraction procedures, but without appreciable’ 
hydrogen transfer’. 

The low Cyo-Cy5 n-alkane contents in Fig. la, с, d, and g 
provide some evidence that the alkane fractions are not 
significantly degraded during SCG extraction over brief periods 
at around 340 °C. Indeed, although SCG extraction at 350 °C of 
the Markham Main (UK) and Sigma (South African) coals 
produces much greater quantities of n-alkanes than the mild 
Soxhlet extraction process (Table 1), the n-alkane range is 
almost identical (compare Fig. 1d with f, and g with i). The 
virtual absence («0.0196) of alkenes in low-temperature SCG 
extracts (Table 1) also suggests a very low degree of pyrolysis. 
On the other hand, alkanes from a tar generated by fluidised- 
bed carbonisation™ of Markham Main coal showed a roughly 
gaussian distribution (Fig. 1h), with a shift to lower carbon 
number compared with SCG extraction (Fig. 1g); significant 
quantities of alkenes detected in this and other low-temperature 
tars (Table 1) are thought to arise by de-methanation and 
de-ethanation of n-alkanes. Moreover; even SCG extraction at: 
only 400 °C generated alkenes from Turkish lignites, and shifted 
the n-alkane distribution from that of a 340 °C extract (compare 
1a with 15); the CPI fell from 1.47 to 1.16 (Table 1). Alkenes: 
were:also- apparently presentin the 400 °C SCG extract of Daw 
Millcoal". CPI values for the n-alkanes derived from Kershaw’s 
data'* also illustrate the effect of increasing the SCG extraction 
temperature from 350°C (CPI 1.33) to 450 °C (CPI 1.01). Other 
SCG extracts at 400 "C, as well as low- -temperature tars, exhibit 
CPI values near-unity (Table 1). С. 2 

Because it yields much larger quantities (by up to two orders 
of magnitude) of paraffins, SCG extraction without pronounced 
cracking, should provide alkanes that are more representative of 


the whole coal than does simple extraction (which yields only 
0.007—0.099%, in refs 8, 10 and 14 and this work). Now, two 
sources of alkanes in coals must be considered: a the material 
physically absorbed in the micropore structure’®; and (2) the 
compounds generated -by chemical breakdown. of oxygen- 
containing compounds, or long alkyl chains, shown’ by ‘С 
NMR to be bonded within the coal matrix. 

Vahrman attributed the increasingly smooth carbon-number 
distribution of n-alkanes from coal as extraction times become 
more extended to the differences in accessibility of the n-alkanes 
with high CPI (from the leaves, cuticle, and so on of the plants 
from which the coal is derived) as compared with those of lower 
CPI (originating from heartwood)!5. A similar effect is evident 
when one compares CPI 1.27 for Soxhlet extraction (benzene- 
ethanol gave better yields than toluene) with CPI 1.09 for SCG 
extraction at 350?C of the Markham Main (UK) coal; for the 
South African coal, the CPI decreases from 1.93 to 1.33 for 
analogous extracts. However, Allan et al. have shown that 
moderate temperature increases (from 275 to 375 °C for 24 h) 
can substantially change n-alkane distributions from UK 
vitrinites". Evidently the extra alkanes generated on heating 
vitrinites have a different degree of odd/even predominance 
from those accessible to Soxhlet extraction; thus one cannot 
distinguish between the two processes, (1) and (2) above, as to 
the source of the extra n-alkanes in the SCG extracts, On the 
other ‘hand, coal hydrogenation procedures, such as the 
SYNTHOIL process and hydrogen-assisted SCG extraction 
(Table 1), clearly yield even larger quantities of n-alkanes, 
probably by hydro-cracking of aliphatic side chains. 

Thus, apparent correlations between CPI and coal rank are 
almost certainly spurious because they are based on atypical 
proportions of n-alkanes obtained by simple extraction; 
furthermore, CPI values for n-alkanes derived by processes 
involving heating above 350°C, or by hydrogenation, are also 
unreliable. SCG extraction at 340-350°C may yield more 
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representative samples, but the variety of origins of the alkanes - 
extracted in this way renders the CPI of doubtful value in’ 
correlations: with coal rank: CPI values for four coals from, 
diverse sources show only а very app 
dry-ash-free carbon content (Table 1).` АП that can be said is that 
the large concentrations of Сз and higher n-alkanes are consis- 
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Fig.1 Distributions of n- atas serate РЕТИ И а, 
- Turkish lignite 1 (Elbistan), SCG extraction?" at 340 °C; b, Turkish ` 
lignite 1, SCG extraction at 400 °C; c, Turkish lignite 2 (Sey- 
Itomer), SCG, extraction” at 340°C; d, Sigma (South African) 
coal, SCG extraction at 350 °C; e, Sigma (South African) coal, SCG 
ERRAI ку туе f, Sigma (South African) coal, Soxhlet extrac- 
tion with 3:1 chloroform/methanol for 100 h; g Markham Main 
(UK) coal, SCG extraction at 350°C; h, Markham Main (UK) coal, 
fluidised-bed carbonssation at 430°C; t, Markham Main (UK) coal, 
` Soxhlet extraction with 7: 3 benzene/ethanal for 50 b. (d), (e) and 
: 5. (f) from ret. 14. 
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tent with the predominantly land-derived nature of each 
sediment; a murine origin is typified: by Jawer chain одии 


Fig. 1). p 


ximate correlation with ' © 


Acyclic isoprenoids may srvide clearer evidens than n- 
alkanes of the geochemical history of sediments’ as their major 


` precursor is thought to be the phytyl side chain of the chloro- 


phyll pigment from the original plant material. The presence of 
six derived hydrocarbons (Crs, Cis, Cie, Cio, Cis and Cao iso- 
prenoids) has béen demohstrated in numerous coal extracts and 
tars’. In Australian sub-bituminous coals", the pristane (Cis) 
content of the alkane fraction of (low-percentage) chloroform— 
methanol extracts begins to increase as carbon contents exceed 
76%, but the phytane . (Cao) concentration does not increase 
significantly until much later in the diagenetic process, cor- 
responding to 83-85% carbon. At this stage the pristane/phy- 
tane ratio (Pr/Ph) is a maximum!*. Parallel relations have been 
demonstrated between Pr/Ph and reflectance of New Zealand 
vitrinites'?, and'with the maturity of shalés from the Douala’ 
Basin™. The inter- relation of coal maturation and oil forma- 

tion!*21 ig emphasised by correspondence between Pr/Ph for 
oils and the rank of coals in associated beds”. These changes 
during maturation, however, may not, entirely erase the partial 
record of the palaeoenvironmental conditions during sedimen- 


- tation provided by Pr/Ph’; by increasing the relative proportion 


of pristane to phytane, thermal diagenesis preserves Pr/Ph 
ratios than. one, typical of deposition in oxic condi- 
ti 

In contrast with the CPI‘of n-alkanes, and in spite of the 
threefold increase in the quantity of isoprenoida liberated during 
SCG extraction, Pr/Ph ratios are similar for SCG and Soxhlet 
extracts and, even for low-temperature ‘tara, from the same coal 
(Table 1). Moreover, even though the coals are of diverse origin, 
the Pr/Ph ratios still fit fairly closely to the curve for simple 
extracts deterniined for Australian coals by Brooks et a1!*. The 
consistency of the Pr/Ph ratio in differing extraction conditions, 
and the similarity in thermal stabilities of isoprenoids reflected 
in the agreement for low-temperature tars, clearly make 
this parameter useful in discussing the geochemical history of 
coals, although more than one origin в posible for these 
compounds. . 
. The isoprencids form a higher proportion ot the total paraffins 
from Soxhlet extracts than from SCG extracts, in keeping with 
Vahrman's suggestion’® that branched alkanes are more acces- 
sible within the micropore structure. However, as for n-alkanes, 
the release of isoprenoids bonded within the coal structure must 
also be taken into account; Connan has shown'? how larger 
quantities of pristane and phytane were extractable Hom lignite 
after.heating for 3 days at 300 °С. 4 

The: -completeness of extraction of. isoprenoids = the SCG. 
method is indicated. by the similarity of the total contents 
(expressed as a fraction of the original coal) in products obtained 
at 350°C and inthe presence of hydrogen at 400 °С (Table 1). 
Indeed, for the Markham Main coal, isoprénoid content (with 
pristane predominant at as much. as 300 p.p.m.) suggests that 
much of the chlorophyll-derived phytol remains in ‘fossil’ form. 


. The biochemistry of Palaeozoic flora is obscure; modern 


descendants of such piants:may differ markedly in- their 
environments and occupy. different. ecological niches”. 
However, if a chlorophyll content^* of 0.7-1.3% (dry basis) for 
higher plants including ferns and mosses is taken as appropriate, 
the total available phytol would then amount to between 2,000 
and 4,000 p.p.m. of this; compared with 500 p.p.m. derived 
isoprenoids in the coal. . 

In.conclusion, SCG extraction at ош 350? C causes little 
thermolysis. and .is favourable for. extracting relatively large 
quantities of paraffins representative of the original coals. 
Because of the different nature of n-alkanes physically absorbed 
in the coal, and at least partly accessible to Soxhlet extraction, as 
compared with those chemically released by.heating, the CPI is 
inappropriate for monitoring deposition and maturation. "The 
isoprenoidal hydrocarbons, and especially the Pr/Ph ratio, are 
more widely applicable as geochemical markers, . and valuable 
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for commercial products derived from coal by newer liquefac- 
tion processes. 
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Steroids ketones in surface sediments 
from the south-west African shelf 


STEROIDS are a class of biologically produced compounds 
which may serve as tracers for the transformation processes of 
labile organic matter in sediments. Diagenetic alteration of 
steroid alcohols (sterols) by geochemical and biological proces- 
ses often leads to the accumulation of transformed products in 
the sediments. By elucidating these structures and determining 
their concentrations we should be able to determine their reac- 
tion mechanisms and rates of degradation. We have previously 
postulated that steroid ketones (stanones) are intermediates in 
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Fig. 1 A proposed mechanistic pathway for the microbiological 

or chemically mediated degradation in sediments of stenols to 

sterenes through stanone intermediates. Compounds in paren- 
thesis are intermediates not isolated in this study. 


the diagenesis of sterols to sterenes, a group of unsaturated 
steroids detected in some marine sediments’ (Fig. 1). We report 
here the isolation, identification, and geochemical significance 
of a series of 4-methyl stanones and their 4-desmethyl counter- 
parts from anoxic surface sediments in an upwelling zone on the 
south-west Africumelf, Walvis Bay, RSA. To our knowledge, 
this is the first report of stanones being observed in Recent 
marine sediments, although 4a-methyl stanones have been 
reported previously as major components of the immature 
Messe! oil shale’. 

Sediment samples were collected on RV Atlantis II Cruise 93, 
Leg 3, Capetown to Capetown, RSA in December 1975-Janu- 
ary 1976. Core 16, taken from Station 11 at a water depth of 
49m at 22°47.5'S, 14?25.8' E, was analysed for its sterol 
(stenol + stanol), stanone, and sterene contents. The geology of 
this area has been described by Bremner‘ and the advantages 
of doing organic geochemical research in Walvis Bay by Boon et 
a5? and Morris and Calvert’. The sediment analysed was an 
organic-rich diatomaceous mud, composed mainly of frustules 
of Coscinodiscus, Actinocycius, and Thalassionema. The top 
4 cm of sediment were treated with 3 M HCI to remove the large 
amount of carbonate and Soxhlet extracted with benzene- 
methanol as previously described’. Column chromatography of 
this extract was performed on a 5% deactivated silica gel column 
using increasing amounts of ethyl acetate in hexane as eluant’. 
Fraction 1, eluted with hexane, contained various alkanes, 
cycloakanes, alkenes, cycloalkenes, and sterenes. Fraction 6, 
eluted with 15% ethyl acetate in hexane, contained the steroid 
ketones. Androstane was added as an internal standard. Blanks 
were also analysed during the extraction, olation and analysis 
and contained negligible concentrations of stanones in the 
samples. 5a-Cholestan-3-one was added to pre-extracted 
sediment in the extraction thimble and used to quantify stanone 
recoveries. Mass spectra were obtained using a Varian aero- 
graph 1400 gas chromatograph equipped with an SE-52 glass 
capillary column (25 m x 0.30 mm i.d. A interfaced to a Finnigan 
1015 C quadrupole mass spectrometer’. The mass spectrometer 
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a) Ry=Ro=Rg2H 
(П) Ку 2А =Н, Ra СНз 
Ш) Ry =Ro=H,R3=CH2CHs 
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(IX) Ry=Rp =H, Rg2CHyCHy (XII) Я, Rg =Ra = CH3 or 
R, =CH3, Rz: H, R3: CH, CH, 


Fig. 2 Molecular structures of stanones isolated from surface 
sediments from 22°47.5' S, 14?25.8' E. 


is interfaced with a Systems Industries 150 data system with 
DEC PDP 8-E (8K core) computer. The carrier gas (He) flow 
rate was 2-3 ml min`‘, the injector temperature was 250 °C, and 
the column was programmed from 70 to 260°C at a rate of 
4*C min". A more detailed description of the analytical 
methodology will be published elsewhere. 

Four series of stanones were identified (Fig. 2) which differed 
primarily in (1) unsaturation at the C-22 position; (2) 
methylation at C-4; and (3) alkylation at C-24. 4,23,24- 
Trimethylcholest-22-en-3-one or 4-methyl-24-ethylcholest- 
22-en-3-one (XII) and 4,23,24-trimethylcholestan-3-one or 
4-methyl-24-ethylcholestan-3-one (VI) were the major 
components, found in concentrations of 2.5 wg perg and 
1.0 pg per g dry weight sediment, respectively. These structural 
identifications are based on published mass spectra and frag- 
mentation patterns of other stanones” '*. However, as the mass 
spectrum of the 4,23,24-trimethyl compound is essentially the 
same as that of its 4-methyl-24-ethyl isomer, a definitive struc- 
ture proof will have to await further separation and NMR 
studies?. Other stanones were detected at concentrations rang- 
ing from 3 to 16% of (XII), with the exception of (IV) and (X) 
which were found in concentrations of «196. Structural eluci- 
dation of the stanones was based on relative retention times on 
high resolution glass capillary gas chromatography and 
comparison of GC-MS spectra with published mass spectra ' vH 
or mass spectra obtained from authentic standards (I and IX). 
Mass spectral fragmentation of the A22 unsaturated stanones 
was dominated by ions corresponding to cleavage of the side 
chain, bonds C-17-C-20 and C-20-C-22 (Fig. 3a)'^". The 
major fragments of the saturated stanones arose from cleavage 
of ring D (Fig. 35)''. In addition, both the Sa and 58 isomers of 
(I) and (II) were detected, the 58 having an intense M-70 
fragment". The carbonyl group in the three position has little 
effect on the fragmentation patterns of these compounds due to 
the influence of the C-17 side chain". The stereochemistry of 
the methyl groups at C-4 and C-24 is unknown, although the 40 
steroids are the dominant form found in nature’. On the other 
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hand, 48 steranes have been found in oil shales'?. No stanones 
unsaturated in the ring system were detected, nor were any 
4,4-dimethyl stanones identified, although it seems from mass 
spectral evidence that some of these gem tlimethyl compounds 
may be present at very low concentrations. The mono- and 
di-unsaturated 4-desmethyl sterenes! of both the saturated and 
unsaturated А22 series were detected and correspond to their 
side chain alkyl-substituted 4-desmethyl stanone counterparts. 

The occurrence of 3-ketosteroids in biological systems is 
limited. 4a-Methyl-3-ketosteroids are known to be inter- 
mediates in sterol biosynthesis, but are only detectable in trace 
concentrations???', Hence, a planktonic or benthic faunal or 
floral source for sedimentary stanones is unlikely, although few 
studies have been undertaken in the marine environment’. It 
has been proposed that stanones are possible intermediates in 
one transformation pathway for the reduction of stenols to 
stanols in sediments". The 4-desmethyl stanones isolated 
from surface sediments in Walvis Bay structurally correspond to 
their stenol precursors detected in these sediments (C. Lee, 
unpublished results) and in the overlying water column (R.B.G., 
unpublished results). Thus these stanones may represent a series 
of stenol oxidation products. 


°„ of base peak 
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Fig. 3 Mass spectral line diagrams as obtained by glass 
capillary GC-MS of stanone fraction of core 16: a, 4,23.24- 
trimethylcholest-22-en-3-one (XII), R,=R2=CH; or 
4-methyl, 24-ethylcholest-22-en-3-one, R,—H, R,—CH;CH;; 
and b, 4,23,24-trimethylcholestan-3-one (VI), Ry=R2=CHs or 
4-methyl, 24-ethylcholestan-3-one, Rı =H, R;—CH3;CH;. The 
mass spectra of these pairs of compounds are identical. Hence, a 
definitive structure proof cannot be made at present. 


It is well known that 4-methyl steroids are important biosyn- 
thetic intermediates in the formation of 4-desmethyl steroids??, 
although they are present in only small amounts in plants. 
Hence, another possible source for sedimentary 4-desmethyl 
stanones is from oxidation of the 4-methyl stanones followed by 
decarboxylation (Fig. 1)”. 

The 4-methyl stanones could arise from oxidation of 4-methyl 
stenols to 4-methyl stenones followed by hydrogenation to the 
corresponding stanone (Fig. 1). In this regard relatively large 
amounts of 4-methyl and 4,4-dimethyl sterols are known to 
accumulate in the bacterium Methylococcus capsulatus?. An 
array of 4-methyl sterols with varying degrees of alkylation and 
unsaturation in the side chain have been found in several 
plants". It is also important that 4a,23,24-trimethyl-5a- 
cholest-22-en-3-ol (dinosterol) a stenol precursor to one of the 
structures of (XII), was found to be the major sterol in the toxic 
dinoflagellate, Gonyaulax tamarensis". 

As mentioned earlier, no 4-methyl or 4-desmethyl stenones 
were detected. These compounds are proposed intermediates in 
our hypothesised transformation of stenols to stanols (Fig. 1). 
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Their absence may be due to a more rapid rate of hydrogenation 
relative to their rate of formation from stenol oxidation. Hence 
their steady-state concentration would be quite low. Work is 
now being carried out on other sediment samples from both oxic 
and anoxic environments to elucidate further the proposed 
transformations outlined above. We emphasise, however, that 
the proposed mechanism in Fig. 1 is probably only one of several 
degradation pathways for sterols in sediments. 

Pathways leading to the formation of sterenes from stenols 
have been proposed by several authors '???*75, These trans- 
formations in Recent marine surface sediments can be envisaged 
as a series of oxidation, reduction, and dehydration reactions. 
The sampling site off the south-west coast of Africa is an area of 
intense upwelling and high productivity. The presence of known 
microbiological products??? such as stanols?? (C. Lee, unpub- 
lished results), stanones and sterenes! in the sediments and the 
rapid rate of sediment deposition in this sampling area suggests 
microbially mediated transformations. For example, cholest-4- 
en-3-one and Sa-cholestan-3-one have been proposed as 
intermediates in the microbial reduction of cholesterol to 
cholestanol??. However, little is known about the metabolism of 
marine bacteria, and much more information is required to 
understand more fully the processes influencing the trans- 
formation reactions of steroids in marine sediments. 
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Geological evidence in favour of 
a Jotunheimen Caledonian suture 


EARLY plate-tectonic reconstructions of the proto- Atlantic by 
Wilson! and Dewey? placed a Caledonian suture through 
central, southern Norway. Later, more detailed interpretations 
generally favoured a single (proto- Atlantic, lapetus) suture off 
the west coast^ ^, in agreement with the pre-plate-tectonic 
orthodoxy ^ !? of a western, eugeosynclinal source for the far- 
travelled (up to 1,000 km) (ref. 13), crystalline and supracrustal 
nappes of Norway and Sweden. In South Norway, however, not 
all interpretations fitted this pattern. Goldschmidt”! and Ofte- 
dahl? proposed a local root zone in the Jotunheim for the 
crystalline Jotun Nappe south-east of its present northwesterly 
margin. More recently Battey and МсВісһіе???* demonstrated 
a close fit between surface geology and the interpretations of 
gravity data by Smithson et al.?? of the Jotun Nappe as an ‘Ivrea 
type’ flake with a local root possibly as deep as 16 km. Note that 
recent^ aeromagnetic results suggest a maximum thickness of 
only 5 km for the Jotun Nappe). Evidence from the northwest- 
ern margin of the Jotunheim is clearly critical, for the south- 
eastward transport of the Jotun Nappe deduced from areas to 
the south-east'^'* is consistent with derivation from both the 
Iapetus suture and a possible Jotunheim suture. Some reports, 
however, apparently support the Jotunheim suture hypothesis. 
Between Fjaerlandsfjorden and Sogndalsdalen, Skjerli^? found 
imbricated thrust slices of Basal gneisses and supracrustal rocks 
indicating transport to the north-west. À similar conclusion was 
reached by Battey and McRitchie” for Bøverdalen. Also, 
Elliott and Cowan” describe a sequence of tholeiitic green- 
stones with pillows and serpentinites from Holleindalen in 
Bøverdalen. Most recently, however, Roberts^ has concluded, 
using structural evidence from seven traverses across the 
northwestern margin, that the Jotun Nappe was transported to 
the south-east. The work described here does not support this 
conclusion. 

Within the Sygnefjell area (Fig. 1) an Assynt-type nappe 
culmination permits the examination of an extensive sequence 
of supracrustal rocks between the Basal gneisses and the overly- 
ing Jotun Nappe. Six main lithostructural units have been 
identified: 

Jotun mangerites and anorthosites | 
Galdeberghytta gneisses 
Helgedalen metagreywackes 
Turtagrø metavolcanics 

Sygnefjell sparagmites 

Basal gneisses Autochthon 

The Basal gneisses form part of the extensive northwestern 
Basal gneiss complex of South Norway. An early suite of 


Jotun Nappe; 
allochthon 


Parautochthon? 
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Fig. 1 А simplified lithostructural map of the Sygnefjell area: 1, 

Basal gneisses; 2, Sygnefjell sparagmites; 3, Turtagrø metavol- 

canics; 4, Helgedalen metagreywackes; 5, Galdeberghytta gneis- 

ses; 6, Jotun mangerites and anorthosites. St, Storevatnet; Sk, 

Skaalavatnet; Pr, Prestesteinsvatnet; H, Helgedalen: G, Galde- 
berghytta; K, Krossbu. 
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basic-intermediate rocks has been migmatised and metamor- 
phosed in the almandine-amphibolite facies and intruded by 
foliated granites dated at 1,033 Myr (refs 28, 29). 

Micaceous meta-arkoses (sparagmites) have, in places, a basal 
conglomerate resting unconformably on the Basal gneisses. 
They are intercalated with metalimestones, graphitic’ micas- 
chists and hornblende schists higher in the sequence. 

The Turtagrø metavolcanics comprise some 600 m of andesi- 
tic and basic lavas, some with pillows, and tuffs within a thrust 
bounded slice. This is overlain by up to 1 km of Helgedalen 
metagreywackes. The greywackes grade from a proximal, 
quartz-rich, conglomeratic facies at the base, to a distal, 
finegrained, apparently volcaniclastic facies towards the top. 
Graded bedding and various other sedimentary structures 
indicate deposition by turbidity currents, and provide evidence 
that the unit as a whole is the right way up. 

All supracrustal units have been recrystallised in the green- 
schist facies. The absence of fossils or radiometric dates pre- 
cludes a reliable assesament of their ages, although regional 
considerations!**? suggest an Eocambrian to Lower Ordovician 
age. Despite the thrusts within and between these supracrustal 
units, all are at present regarded as parautochthonous in view of 
the apparent lithological gradations between them. Moreover, 
all these units are intruded by pre- -kinematic, minor gabbros, 
dolerites and diorites. 

The Galdeberghytta gneisses at the base of the Jotun Nappe 
are partially mylonitised, amphibolitic and augen gneisses with 
K-feldspar-rich, late pegmatites and minor intrusives. The 
upper part of the Jotun Nappe consists of layered gabbres, 
leucogabbro, anorthosite and mangerites in various stages of 
retrogression from granulite facies, pyroxene-bearing assem- 
blages. Battey and McRitchie” cite K-Ar age determinations of 
up to 1,280 Myr for these rocks to the south-east of the Syngef- 
jell area. 

Structural work has shown that both the Basal gneisses and 
the Jotun Nappe rocks were deformed and metamorphosed 
before the events that affected the supracrustal sequence. The 
supracrustal rocks share a common polyphase structural 
sequence. A transposed tectono-metamorphic banding was 
developed to varying degrees in all units during early defor- 
mations (D, and D2). Where younging criteria can be identified, 
the D, folds face the north-west, suggesting relative transport in 
that direction. Intense flattening in the limbs of the D; isoclinal 
folds has resulted in discrete zones of mylonitic rocks. Following 
Юл, a phase of upright asymmetric folding (D4) with the steep 
limbs overturned to the north-west took place syntectonically 
with major brittle thrusting (D,) of all units (Fig. 2). The 
thrusting shows claseical imbrication patterns, with the thrusts 
climbing section towards the north-west, indicating transport in 
that direction. 

A similar structural geometry and history of folding has been 
described by Hopper (in preparation) from @ster@y near the 
northeastern margin of the Bergen Arcs, and by Cowan?! from 
Bøverdalen. The Vassenden area, Bøverdalen, is one of those 
recently described by Roberts?. Both Cowan’s (ref. 31 and 
personal communication) earlier work at Vassenden, and evi- 
dence from the nearby Sygnefjell area, indicate that a major 
phase of structures, including north-west facing folds (our D), 
pre-dated the D, of Roberts. Thus, in our view, the Vassenden 
area does not provide good evidence for nappe transport from 
the north-west. 

An outline of the sequence of events in the Sygnefjell and 
nearby areas-together with suggested broader interpretations 
can now be given. 

First, pre-Sveconorwegian????? high grade metamorphism 
and deformation of Jotun Nappe rocks (and of the north-west 
Basal gneisses and southern gneisses of other areas???*2*), 

Second, Sveconorwegian (1,033 Myr) intrusion of Hest- 
brepiggan granite into Basal gneisses. 

Third, post-1,033 Myr (Eocambrian to Lower Palaeozoic?): 
(1) deposition of a fining-upwards sequence of conglomerates, 
limestone and shale; (2) sub-aqueous basaltic volcanism (ocean 
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Flg.2 A simplified dip section of the Sygnefjell area; the area has 
an along-strike relief of 1 3 km. J, Jotun Thrust; S, Sole Thrust; 
А-В, ornament аз on Fig. 1. 


spreading); (3) andesites and turbiditic, volcaniclastic grey- 
wackes (island arc-trench system); (4) greenschist facies 
metamorphism and deformation of supracrustal wedge (ocean 
closure); (5) thrusting of the Jotun Nappe to the north-west 
(after flaking from lower crust during final stages of ocean 
closure); (6) broad warping and sinistral wrench faulting (after 
ocean closure). 

Long distance southeastward transport of the Jotun Nappe 
has been suggested in the past for two main reasons. First, on the 
similarity of the Jotunheim and Bergen Arc high-grade meta- 
plutonic rocks. Deep crustal granulite facies rocks are not 
uncommon in old basements, however, and many Jotun Nappe 
rocks can be matched in the basements both to the north-west 
and to the south-east of Jotunheimen (see refs 33, 39, 40). In any 
case, lithological similarity alone cannot indicate the direction of 
nappe transport. 

Second, the occurrence in the nappe region of east to south- 
cast trending penetrative lineations has been taken (see ref. 16) 
to indicate a southeastward direction of nappe transport. In the 
Sygnefjell area the early, penetrative lineation is due to the 
superimposition of at least two strains (D, and D;) and a 
transport direction cannot be deduced from this evidence alone. 
Similar conclusions have recently been reached in the Bergen 
area by Faerseth et al^ and one of us (F.W.M.H., in pre- 
paration). 

Within the Sygnefjell area, two groups of observations are 
consistent with the hypothesis of a Jotunbeim suture: 

First, the facing directions of thé early folds (D), and, espe- 
cially, the thrust geometries produced during the main move- 
ment phases (D4), indicate tectonic transport to the north-west. 

Second, the occurrence of a probably parautochthonous, 
oceanic, supracrustal sequence of arkoses, turbiditic grey- 
wackes, serpentinites and basaltic and andesitic volcanics. 

On the other, southeastern margin of Jotunheim, it is well- 
established that both the supracrustal and the crystalline nappes 
were towards the south-east. That the supracrustal 
nappes moved considerable distances (100-270 km) is shown by 
Hossack's'^ recent unravelling of the thrust stack. The even 
greater distance of transport (290+ km) ‘assumed’ (ref. 14 p 
239) for the crystalline, Jotun Nappe above, although consistent 
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with evidence from the supracrustal nappes, is not required by it, 
as Hossack clearly recognises. When the Sygnefjell evidence is 
also considered, a possible interpretation emerges of the Jotun 
Nappe as a flake detached from local, lower crust and thrust over 
(underthrust by) gneissose basements and marginal sedimentary 
basins both to the north-west (such as Sygnefjell) and to the 
south-east (such as Bygdin). The presence of igneous rocks 
within the northwestern supracrustals may indicate their prox- 
imity to the site of an active trench. 

Further work will test the hypothesis of a Jotunheim Cale- 
donian Suture. The structural evidence reported here will be 
published in full elsewhere. 

P. H. BANHAM 
A. D. GIBBS 
р Е. W. М. HOPPER 
Department of Geology, 
Regent's Park, 
London, NW1, UK 
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Mechanism of reaction in 
metal + metal oxide systems 


PYROTECHNICS frequently consist of intimate mixtures of 
powdered metals and metal oxides. The exothermicity of such 
reactions is often very high, as, for example, in the thermite 
process. Considerable self-heating occurs and the reaction often 
becomes explosive. Little experimental work has been carried 
out on the mechanism of these reactions, largely because the 
participation of solid phases and the high evolution of heat make 
them difficult to study. It is to be expected, however, that such 
mechanisms would normally involve solid phases, with the 
possible addition of a liquid phase when a low melting point 
reactant or intermediate is present. We report here that such 
reactions often occur through a gas phase process. Furthermore, 
when one of the constituents is magnesium, which is frequently 
the case in pyrotechnics, the reaction rate is controlled almost 
solely by the evolution of magnesium vapour. 

The classical method, developed by Wagner’ and by 
Tubandt^^, for elucidating the identity of the mobile species and 
of any intermediate compounds formed, is to allow pressed 
pellets of the two separate solids to react together. The move- 
ment of the phase boundaries and the growth of intermediate 
zones of different composition then provide the required 
information. During preliminary studies on metal + metal oxide 
systems, using this technique, it was discovered that reaction 
proceeds normally even when there is a substantial gap between 
the two solids, and the system is well below the melting point of 
the materials involved. This demonstrated that the mobile spe- 
cies was present in the gas phase and the chemical reaction 
involved both gaseous and solid components. A more compre- 
hensive series of experiments was then carried out. 

A typical reaction chamber consisted of a pair of mild steel 
‘crucibles’, each of 8 mm internal diameter and 8 mm internal 
depth. The reactant samples were ground and sieved to the 
required particle size and quantities of about 0.2 g were packed 
into each crucible to the required pressure. The crucibles were 
heated separately in vacuo to remove occluded gases and were 
then handled only in dry, Os-free conditions. After weighing, 
the crucibles were clamped together so that the reactant surfaces 
were about 2 mm apart and the complete reaction chamber was 
heated in a thermostatted oven, cither in vacuo or in a low 
pressure of argon, for the required period (typically 1 h). At the 
end of the experiment, the two crucibles were separated and 
re-weighed to determine the mass of material transported 
(typically ~40 mg, corresponding to 2 mmol of reaction or 20% 
conversion). The product layers were then separated manually 
for analysis. Blank experiments were also carried out on the 
individual components. 

The main results are shown in Table 1, from which the most 


Table 1 Summary of metal + metal oxide reactions 








of per 
onde atom 
System (kcal тю?) of oxygen 

Mg $10; 210 105 
Mg+Cr,05 275 91 
Mg + MoO- 133 66 
Mg + WO, 137 69 
Mg + B0, 302 101 
Mg + АО, 404 135 
Mg TiO; 228 114 
Mg CuO 37.7 37.7 
Mg-- NiO 57.5 57.5 
Ti+ Cr;0, 275 91 
TI 4 NIO 57.5 57.5 


Temperature 
of 
reaction Mobile Products 

(CC) species identified 
625 Mg MgO, Si, Mg2Si 
625 Mg MgO, Cr, MgCr;O, 
625 Mg 
625 Mg 

1000* Mg MgO, Mg Ba 
625 Mg MgO, Al 
625 Mg MgO, Ti 
625 О MgO, Cu 
625 о MgO, Ni 

1300 no reaction 
900 О. Ni, ТО 





The heat of formation, АН? оо, for MgO = 144 kcal mol. 
* The amount of reaction at lower temperatures was negligible. 
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important conclusion is that, in the majority of cases involving 
magnesium, which has a vapour pressure of ~2 torr at these 
temperatures, the mechanism simply involves evaporation of 
magnesium from the solid followed by reaction at the oxide 
surface, in one or more stages. In such cases; the rate is deter- 
mined primarily by the rate of evaporation of magnesium, an 
exception being the reaction with boric oxide. 

When the oxide is less. stable,’ as indicated by a lower heat of 
formation, the mobile species becomes oxygen. However, the 
mechanism involved is not simple dissociation of the oxide, for 
the following reasons. (1) In the absence of the metal reactant, 
the weight loss from the oxide was negligible (as would be 
predicted from the dissociation pressures). (2) In the presence of 
a non-volatile metal, the reaction was much slower and required 
a substantially higher temperature. (3) The extent of reaction 
was comparable with that of systems in which magnesium was 
transported. (4) Some of' the magnesium oxide (~5%) was 
detected on the Ni/NiO surface. 

It seems, therefore, that the dissociation of the oxide to give 
mobile oxygen is ‘catalysed’ by the presence of metal, presum- 
ably due either to the considerable heat evolved on reaction, 
thus raising the, temperature of the oxide surface, or to the 
formation of intermediates of different composition. 

Attempts to compare the kinetics of reaction using this tech- 
nique were of only limited value for two reasons: first, the initial 
rate of evaporation of magnesium depended very much on its 
pretreatment and was thus rather irreproducible, and second, 
because the rate decreased markedly with time, due presumably 
to inhibition by solid product, the extent of reaction tended to be 
similar even when the initial rates differed. Quantitative kinetic 
studies will require à controlled and measurable pressure of 


magnesium vapour. 
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Photosynthesis in some British coastal 
waters may be inhibited by zinc pollution 


RIVER drainage from mineral-bearing and industrialised 
regions has produced elevated concentrations of heavy metals in 
several parts of the coastal waters around the UK, including 
Liverpool Bay*”, Cardigan Bay’, the Bristol Channel, off the 
mouth of the River Tees* and in the, Firth of Clyde’. Little 
attention has been- paid, however, td the possibility that the 
presence of the metals might be affecting the planktonic marine 
life of these sea areas. Phytoplankton represent the basic food 
resource on which the majority of marine animals and fish 
directly or indirectly depend, and it-is thus conceivable that 
inhibition of their growth by toxic metals could have reper- 
cussions throughout the local marine food webs. We are 
investigating the role of trace quantities of both biologically 
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Fig.1 The effect of increasing concentrations of zinc on the rates 
of carbon fixation in the phytoplankton present at Station 14 
(50°15' М, 4°13’ W) in the English Channel on 10 July 1978. The 
lines connect the mean values of each group of results. The 
measurements were carried out at 14°C and 10 кіх of illumina- 
tion by Northlight fluorescent lighting. Sample 1 contained 2 1 ug 
chlorophyll a per |, the phytoplankton being almost exclusively 
diatoms of the genus Rhizosolenia. The chlorophyll a concen- 
tration has been corrected for the presence of phaeo-pigments 
A, W, Controls. 





beneficial and toxic substances in regulating the ‘quality’ of 
seawater, that is, its capacity to support and maintain, through 
photosynthesis, the production of living matter from the 
inorganic nutrients present in the water. As part of this research 
programme, we have examined how carbon fixation rates in 
natural populations of phytoplankton are affected by zinc 
concentrations encompassing those observed in the areas 
mentioned. Although zinc is a component of many enzyme 
systems and therefore essential for the growth of phyto- 
plankton’, it becomes toxic if present greatly in excess of their 
basic requirements. We report here data which suggest that 
phytoplankton growth could be depressed by the zinc concen- 
trations present in some British coastal waters. 

Full details of the techniques being used will be published 
elsewhere. Briefly, samples of surface seawater, strained 
through а 170-р nylon mesh to remove the zooplankton, were 
rapidly transported from the point of collection—Station L4 
about 10km south west of Plymouth breakwater—to our 
laboratory. During the journey, the samples were kept at 
seawater temperature and exposed to natural lighting condi- 
tions. Immediately after their arrival in mid-afternoon, zinc 
labelled with “Zn was added to eight 1-1 subsamples of the 
water to give initial concentrations ranging from those present 
naturally (in the two controls) up to about 90 gl '. The 
subsamples were then placed in an illuminated incubator main- 
tained at the temperature of the seawater at the time of collec- 
tion and left there overnight to allow the added zinc to equili- 
brate with the plant cells. The water was aerated throughout the 
whole of this period in the laboratory to maintain a constant pH 
and keep the phytoplankton in suspension. Between 20.00 and 
06.00 h, the lights were extinguished to simulate overnight 
darkness. The next day, the carbon fixation rates of the phyto- 
plankton in each of the subsamples were determined in triplicate 
in the illuminated incubator by measuring the rate of incorpora- 
tion of “CO, (ref. 8). Discrimination between the B and y 
radioactivities due to Ње 1*C and Zn, both in the water and in 
the phytoplankton (after their removal from the water by 
membrane filtration), allowed the carbon fixation rates and the 
amounts of zinc taken up by the plant cells (expressed as ре Zn 
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per ug chlorophyll a) to be determined as functions of the 
concentration of zinc present in the water during the carbon 
fixation measurement. The zinc concentration at this stage of the 
experiment was always lower than that initially, due to adsorp- 
tion on to the glassware used to contain the water samples. 

Figures 1 and 2 show the results of the measurements on one 
of the samples. Two further samples collected on successive 
weeks contained phytoplankton populations consisting of 
approximately equal numbers of dinoflagellates (mainly Scrip- 
pstella aff. trochoidea) and diatoms (mainly Rhizosolenia spp.); 
carbon fixation rates in these were siniilarly depressed by the 
presence of zinc. In a control experiment, the normal routine 
was carried out with the exception that zinc was not added to any 
of the eight subsamples. In this case, the carbon fixation rates in 
each of the 24 final determinations agreed to within+ 10% of 
the mean value. In Fig. 1, fixation rates less than 90% of the 
mean control value can thus be regarded as due to perturbations 
caused by the zinc. 

The results show that zinc concentrations down to 15 ugl !, 
and possibly lower, inhibited photosynthesis in the phyto- 
plankton populations present in the English Channel in July 
1978. The degree of inhibition was, however, a nonlinear 
function of the zinc concentration and above about 30 pgl”’, 
there was very little further decrease in the carbon fixation rates. 
This was apparently due to the near saturation of the plant cells 
with zinc at the higher concentrations, as the zinc/chlorophyll a 
ratios in the phytoplankton were then approaching their maxi- 
mal values (Fig. 2); the forms of these zinc sorption isotherms 
were found to differ from one sample to the next, probably due 
not only to the change in the species composition of the phyto- 
plankton present in the water but also, to some extent, to uptake 
on to detrital matter which it was not possible to separate from 
the plant cells. These observations support the recently expres- 
sed view? that the effect of metals on the growth of pliyto- 
plankton is more closely related to the amounts accumulated by 
the plant cells than to the concentrations in the water surround- 
ing them. 

In the contaminated sea areas, dissolved zinc concentrations 
between 5 and 10 ug! were found to be widespread and at 
many locations, sometimes greatly, exceeded 10 ugl' (refs 
1-3, 5). Thus, it seems possible that primary production in these 
regions may already have been depressed as the result of metal 
pollution, particularly when it is remembered that zinc was just 
one of a range of metals usually present in the water!?, and 
synergistic effects as observed with zinc and copper mixtures in 
laboratory cultures!? could amplify their individual toxicities 
towards the phytoplankton. 
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Fig. 2 Zinc/chlorophyll a ratios in the phytoplankton during 
measurement of the carbon fixation rates in relation to the zinc 
concentration in the seawater. The curve represents the best fit of 
the Langmuir adsorption isotherm y = Ax/(B +x) to the data, the 
values of A (ид Zn per ug chlorophyll a) and B (ug Zn I`?) used to 
compute it being 0.42 and 14.7 
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However, because our measurements were short term and 
relate to phytoplankton growing in the relatively unpolluted 
waters of the English Channel, extrapolation of the present data 
to other sea areas can only be made with some reservations. 
First, the metal contamination is generally associated with river 
drainage so that the polluted seawater is also likely to contain 
higher than usual levels of dissolved organic matter!!. The 
formation of metal-organic complexes would decrease the 
biological availability of the metals and hence the amounts taken 
up by the phytoplankton, thereby moderating their effects in the 
way that chelating agents reduce the toxicity of copper in 
phytoplankton cultures!?. Second, chronic exposure of metal- 
sensitive phytoplankton populations to sublethal metal concen- 
trations might eventually lead to their replacement by tolerant 
species or the development of resistant strains? which would be 
unaffected by the presence of toxic metals. Nevertheless, the 
existence of potentially harmful zinc concentrations in our 
coastal waters clearly requires further investigations. 

We thank D. S. Harbour for identification of the phyto- 
plankton. 
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Widespread occurrence of a 
unicellular, marine, 
planktonic, cyanobacterium 


IN marked contrast to their freshwater counterparts, marine 
planktonic cyanobacteria are restricted to a few nostocalean 
genera, of which only Trichodesmium 1s capable of forming 
extensive water blooms’*. We report here the widespread 
occurrence of a small, marine, chroococcalean cyanobacterium 
belonging to the genus Synechococcus. 

Natural water samples were filtered on 0.2 jum Nucle- 
pore filters, counterstained with Irgalan black". The filters were 
examined with a Zeiss Standard microscope equipped with 
Neofluar objectives and an epi nt illumination system 
containing a 100-W halogen lamp, a BP 450—500 excitation 
filter, a LP 528 barrier filter and a FT 510 chromatic beam 
splitter. Using this system, phycoerythrin-containing cyano- 
bacteria fluoresce orange and can be distinguished from phyto- 
plankters that fluoresce red. 

Phycoerythrin-rich unicellular cyanobacteria were observed 
at seven stations in the Arabian Sea in January 1977, at three 
stations off the coast of Peru in March 1978, in Slope Water 
north of the Gulf Stream in April 1978, and periodically in 
Woods Hole Harbor. In the relatively rich waters of the Arabian 
Sea and off the coast of Peru, the population varied from 10* to 
10° cells ші! within the euphotic zone (Table 1). The greatest 
number of cells was found within the top 20 m of the water 
column, with occasional cells being observed as deep as 400 m. 
In contrast, the surface sample collected from Slope Water north 
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Fig. 1 Phase contrast photomicrograph of Synechococcus sp. 
(strain Syn-48) illustrating general cell morphology (scale bar, 
5.0 шт). 


of the Gulf Stream contained 1.3 х 10? cells ml”'. In Woods 
Hole Harbor, counts have ranged from 2 x 10? cells ті! on 1 
May 1978 to 3.6 x 10? cells ті! on 1 June 1978, at which time 
15-20% were in a late stage of binary fission. 

No attempt was made to culture the cyanobacteria from the 
above locations. However, in 1965, one of us (R.R.L.G.) iso- 
lated a small, red, coccoid cyanobacterium (strain Syn-48) off 
the north-east coast of South America (08°44' №, 50°50’ W) with 
morphological and fluorescent properties similar to the cyano- 
bacteria observed in open ocean waters by epifluorescence 
microscopy. Its size is 0.9-1.3 x 1.8-2.2 ym and it divides in one 
plane (Fig 1). Examination of thin sections by transmission 
electron microscopy reveals that it has a typical synechococcoid 
ultrastructure, with the thylakoids arranged peripherally. H. W. 
Siegelman (personal communication) reports that its pigment 
system is typical of other cyanobacteria, containing chlorophyll 
а as its major photosynthetic pigment and phycobiliproteins as 
accessory pigments. It always appears red in culture, due to both 
a predominance of phycoerythrin, one of the accessory pho- 
tosynthetic pigments, and its inability to adapt chromatically*. 
The strain was isolated from a depth of 75 m where the salinity 
was 35.87%. Preliminary growth experiments, carried out as 
described by Hargraves and Guillard’, reveal that it will not 
grow at salinities below 14%, indicating that it is intrinsically 
marine*?, 

Recently, several additional strains of small, red, coccoid 
cyanobacteria have been cultured from Georges Bank and the 
Sargasso Sea. In general, they resemble both strain Syn-48 and 





Table 1 Representative vertical distributions of Synechococcus sp.* 








Station 28 Station 30 Station 2354 Station 2356 
Peru Peru Arabian Sea Arabian Sea 
Depth 13°52' S, 13°7' S, 21°16'N, 24*12' N, 
(m) 76*34' W 77°10' W 68*05' Е 64°44' E 
0 1.90 8.80 12.00 5.30 
10 2.60 1.08 12.50 
20 0.48 1.04 4.28 
25 5.28 
40 0.024 0.076 
50 6.72 3.95 
60 
78 6.08 
100 0.16 3.00 0.016 
150 0.016 
200 0.026 0.013 0.013 
300 0.011 
400 0.010 «0.001 
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* 10% Cells per mi. 
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the cells observed by epifluorescence microscopy. Individual 
isolates vary from 0.8 to 2.0 jum in diameter following binary 
fission. 
Cell size and shape accompanied by division in one plane 
indicate that these cyanobacteria are assignable to the genus 
Synechococcus'®, an assignment which is further substantiated 
by the typical synechococcoid ultrastructure of strain Syn-48. 
The range in cell size among the isolates now in culture suggests 
that they may represent more than one species. 
The use of epifluorescence microscopy to visualise the natural 
orange fluorescence of phycoerythrin seems a useful technique 
to enumerate small, phycoerythrin-containing unicellular 
cyanobacteria. However, not all cyanobacteria contain phy- 
coerythrin, so that the specific set of filters used in this study 
cannot be used to count unicellular cyanobacteria in general. 
Furthermore, phycoerythrin is not unique to cyanobacteria but 
is present in almost all red algae (Rhodophyta) and in many 
cryptomonads (Cryptophyta). In principle, members of the 
latter two groups could interfere when attempting to count 
unicellular cyanobacteria, but in practice differences in size and 
chloroplast morphology should permit the unambiguous dis- 
tinction between these eukaryotic algae and unicellular cyano- 
bacteria. 
Cyanobacteria have an ancient marine history'' and show a 
considerable diversity and abundance in other marine habitats 
(for example, the intertidal zone)". The existence of small 
unicellular cyanobacteria with a widespread geographical dis- 
tribution and the ability to achieve considerable cell densities 
represents the second example of a planktonic cyanobacterium 
that has adapted to growth in the open ocean and the first well 
documented member of the Chroococcales to do so. The 
ecological importance of these cyanobacteria as major primary 
producers in the world's oceans is still to be assessed. 
This work was supported by NSF grants DES75-21270 to S. 
W. W. and OCE77-10878 to R. R. L. G. We thank H. W. 
Siegelman for providing pigment analyses and F. Valois and H. 
I. Stanley for technical assistance. 
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Pollen dispersal and optimal 
outcrossing in Delphinium nelsoni 


NATURAL SELECTION, in sexually reproducing plants, should 
often favour matings between individuals of intermediate 
genetic similarity. Matings between very similar individuals may 
lead to inbreeding depression because segregational load is 
revealed'*, while matings between very dissimilar individuals 
may disrupt favourable gene combinations and lead to out- 
breeding depression??. Outbreeding depression in plants has 
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been documented in crosses between species, varieties and 
isolated populations*?, and reports of inbreeding depression 
date back at least a century!" We suggest that outbreeding 
depression will often occur on a much finer scale than previously 
recognised, especially in plants subject to restricted pollen and 
seed dispersal. Such plants are likely to show pronounced 
microgeographic genetic differentiation resulting from drift in 
subpopulations isolated by distance or from adaptation to local 
edaphic and biotic conditions !'*?, Under these circumstances, a 
short outcrossing distance may be optimal not only because of 
intragenotypic effects, but also because it produces offspring 
sufficiently similar to the female parent to grow successfully near 
her, yet sufficiently genotypically diverse to maximise success of 
the total progeny in the face of coarse-grained temporal 
environmental variation", frequency-dependent sibling 
competition !^* or predation, Here we present evidence 
that a short outcrossing distance is optimal for Delphinium 
nelsoni Greene and discuss the relationship between the optimal 
outcrossing distance for D. nelsoni and actual pollen dispersal by 
its main pollinators. 

D. nelsoni is an herbaceous predia] which flowers in early 
summer around the Rocky Mountain Biological Laboratory 
(RMBL) in western Colorado?'. It lacks clonal spread, the 
flowers are usually borne 10—20 cm from the ground and seeds 
drop an average of 11.2 cm from the central stalk. To investigate 
the effects of outcrossing distance on fitness, we hand-pollinated 
1,016 flowers on 317 representative D. nelsoni plants near 


Secds per flower 





seifed I 3 
Outcroesing distance (m) 


о 30 100 юоо 


Fig. 1 Effects of outcrossing distance ‘on seed set m hand- 
pollinated D. nelsoni. a, Meadow 1, 1976; b, Meadow 1, 1977; c, 
meadow 2, 1977; d, meadow 1, 1978. Values are means +95% 


optim 

First, for the three 1976—77 experimental replicates, 10 m seed sets 
wore mgnifcantly higher overall than either 1,000 m (df. = 6, 

x’ 712.59, P «0.05) or selfed (df. 6, x? 24.20, P < 0.005) 
seed sets, unng combined probabilities trom separate one-tailed т 
tests with cach replicate” . Second, the probability of observing by 
chance alone an intermediate optimal outcrossing distance in the 
1976 replicate, followed by peaks at the same distance interval for 
the remaining three replicates is 3/5x 1/3x 1/5x 3/5 0.024 
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Tabie 1 Effects of outcrossing distance on seeding survrvorahip in D. nelson 





planted m Meadow 1 

coosused after 1 yr 

No. planted 58 — 145 — 116 

No. surviving 3 — 23 — 13 
0.052 — 0159 — 0.112 

1976 meadow 1 seeds, 

planted m Meadow 2, 

censused after 2 yr 

No. planted 98 98 98 98 98 

No surviving 0 3 7 1 1 

Proportion surviving 0 0.031 0.071 0010 0010 

А significantly proportion of 10 m seeds overall than esther 

1,000 m (d f. = 4, у? = 13.47, черү React m4, x =28 30, P<0 005) 

кой, using combined probabiles from separate one-tailed г tests of differences 

of proportions with cach replicate". 


RMBL in 1976, 1977 and 1978. In the 1976 Meadow 1 and 
1977 Meadow 2 experimental replicates, we bagged recipient 
plants to exclude natural pollinators and chose pollen donor 
flowers either from the same plant (self pollination) or from 
plants 1, 10, 100 or 1,000 m distant. In the 1977 Meadow 1 
replicate we omitted 1 and 100 m treatments, while in the 1978 
Meadow 1 replicate we substituted 3 and 30 m for selfed and 
1,000 m treatments. Different pollen donor populations were 
used for Meadows 1 and 2, which are separated by 300 m of 
aspen forest and differ by 60 m elevation. We assigned each 
plant at random to a single distance treatment to avoid system- 
atic bias in plant size or ovule number per flower, and used 
individual pollen loads from that distance to pollinate several of 
its flowers as they became receptive. Pollen loads were collected 
on circular toothpicks, usually from one donor flower but where 
dehiscing anthers were scarce from as many as three flowers on 
two plants. This collection technique was consistent between 
treatments within a replicate. In the 1977 Meadow 2 and 1978 
Meadow 1 replicates, we equalised the amount of mechanical 
handling of pollen during transport from the donor population 
and the total elapsed time between its collection and deposition 
across treatments. We harvested fruits on recipient plants just 
before dehiscence and counted all fully developed seeds. Our 
hand pollination procedure consistently resulted in seed sets of 
approximately 15-35% of open-pollinated averages?'. In all 
replicates, we left several flowers per plant unpollinated to serve 
as controls for failure of bags to exclude pollinators. We dis- 
carded the few plants in which these control flowers set copious 
seed, as D. nelsoni is protandrous and rarely sets seed when 
pollinators are effectively excluded’. In the 1976 Meadow 1 
replicate, we lumped all mature seeds for each treatment and 
planted them in a 10 m? plot near Meadow 2. In the 1977 
Meadow 1 replicate we lumped mature seeds from each plant 
and planted each progeny separately within a 2 m? plot in the 
center of Meadow 1. These plots were censused in early June 
during subsequent summers to determine seedling survivorship. 
For all hand pollination experiments mean seed sets per 
flower were highest with an intermediate outcrossing distance 
and declined significantly at longer and shorter distances (Fig. 
1). The three 1976-77 replicates consistently indicate an opti- 
mal outcrossing distance of 1-100 m, whereas the 1978 replicate 
more precisely indicates an optimal distance between 1 and 
10 m. Note that in Meadow 1 mean seed sets for each treatment 
were especially similar between years. An optimal outcrossing 
distance between 1 and 100m again appeared in seedling 
survivorship in natural meadows, and inbreeding and outbreed- 
ing depressions i in survivorship were also significant (Table 1). 
The main pollinators of D. nelsoni in the RMBL area are 
broad-tailed hummingbirds (Selasphorus platycercus), 
occasional rufous hummingbirds (S. rufus) and bumblebees 
(primarily Bombus appositus and B. flavifrons queens)". Pollen 
dispersal by these visitors was estimated in two ways in 1976: (1) 
Foraging pollinators were followed in Meadows 1 and 2, with 
observations of bees and birds matched by meadow, day, and 
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Fig. 2 Estimates of pollen dispersal by pollinators of D. nelsoni. a, 
Distribubons of dye distances for caged (Ш)(# = 1:64 m) 
and uncaged (Г7)(# = 1.57 m) plants, with sample sizes (numbers of 
neighbouring plants receiving dye) shown b, Distributions of 
plant-to-plant movement distances for hummingbirds (LI) (from 19 
foraging bouts 1 = 2. 1m) and bumblebees (@)(from 12 foraging 

. bouts # = 0.63 ш), with sample sizes (number of movements) 

shown above cach histogram. 


time of day, and numbers of flowers visited per plant and 
distances flown between successive plants were noted. Densities 
in these meadows averaged 16 plants рег m?. (2) Dispersal of 
fluorescent pigments dusted on 18 plants in Meadow 2 was 
measured. Half of these plants were caged with chicken wire to 
exclude birds but not bees, and ‘half were exposed to both 
pollinators, Caged and uncaged plants were dusted in pairs with 
distinct colours over a period of 2 weeks. Three to five days after 
dusting, neighbouring plants within a 10 m radius were sampled 
and scored for presence of pigment grains on floral parts contac- 
ted by pollinators. 

Figure 2 compares distributions of plant- дейн movements 
of hummingbirds and bumblebees and patterns of pigment 
dispersal from caged and uncaged plants. On average, birds 
moved 3.4 times as far as bees, but pigment moved no further 
from uncaged plants (exposed to birds as well as bees) than from 
caged plants. Movement distributions for bees and birds differ 
significantly overall (y^ = 21.0, d.f.=5, P> 0.005), while those 
for pigment from caged and uncaged plants do not (42 = 2.5, 
d.f.=4, P>0.5). Movement distributions for both pollinators 
are more highly leptokurtic than those for pigment, perhaps as a 
result of pigment carryover past the first recipient flower. 

Expressing pollinator foraging only in terms of plant-to-plant 
movements conceals the fact that hummingbirds: visit more 
flowers per plant than do bumblebees (birds, 2.5 + 0.09 flowers 
per plant (296); bees, 1.4 + 0.06 flowers per plant (502); values 
are means--one s.c.m. followed by sample sizes). Counting 
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within-plant movements as 0 m, mean flower-to-flower dis- 
tances flown by the two pollinator types are more similar. than 
mean plant-to-plant distances (birds, 0.8+0.13m between 
flowers (741); bees, 0.4+0.03 m between flowers (731). Within- 
plant movements of hummingbirds are also especially likely to 
lead to selfing: birds appear to move unsystematically between 
flowers on an inflorescence, whereas our observations suggest 
that bees usually visit lower, pistillate flowers before moving up 
an inflorescence to staminate flowers ^*^^. 

The mean pollen dispersal distance estimated by these 
methods is about 1 m, the lower end of the 1-10 m range we 
construe from hand pollination to contain the.optimal outcross- 
ing distance for D. nelsoni. This discrepancy may indicate our 
inability to measure pollen flow directly or to define optimal 
outcrossing precisely using hand pollination. On the other hand, 
we do not necessarily expect to find congruence between actual 
pollen flow and that which is optimal from the point of view of 
female function. Instead, actual pollen flow can be expected to 
reflect: (1) conflicting selection on plants to maximise amounts 
of pollen received as well as to optimise transfer distances (for 
example, bees and birds may move more pollen than birds alone 
even though birds move slightly longer distances); (2) conflicting 
selection on plants to donate as well as receive pollen over 
optimal distances (for example, optimal dispersal distances may 
differ for male and female functions); or (3) conflicting selection 
on pollinators to minimise flight distances and on plants to 
achieve optimal outcrossing, In (3) it is difficult to see how plants 
can exert any major influence on pollinator flight distances by 
altering floral rewards. For this reason, the ability of plants to 
discriminate pollen genotypes after pollination?* ?? may be of 
major importance if they are to achieve optimal outbreeding, 
aseuming that pollinators transfer some minimal amout of pollen 
an optimal distance. 

Although we suggested that an intermediate optimal 
outcrossing distance could be caused by intragenotypic, 
intergenotypic, or genotype X environmental effects, our data 
most strongly implicate the first effect. Between-treatment 
differences in seedling survivorship appeared even though we 
planted seeds from 1976 hand pollinations in low densities far 
from the maternal meadow. As they occurred in the probable 
absence of sibling competition and in environments not similar 
to those of female parents, these differences suggest that 
physiological compatibility between parental genotypes is 
important in determining offspring fitness. We are now attempt- 
ing to determine the importance of intergenotypic and 
genotype х environmental effects in molding the breeding 
system of D. nelsoni, by measuring the influence of seed dis- 
persal distauce, sibling competition, and environmental varia- 
tion on the viabilities of variously outcrossed progenies. 

We thank J. Antonovics, H. G. Baker, J. H. Brown, E. L. 
Charnov, Н. R. Pulliam, В. K. Vickery and L. 1: Wolf for 
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and Sigma Xi for financial support. 
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Bimodal distributions of seedling 
weight in relation 
to density of Festuca paradoxa Desv. 


THE degree to which plants growing together interfere with one 
another by competing for resources such as light, moisture and 
nutrients is difficult to determine by direct measurement of 
resource depletion’. Plant ecologists have therefore looked for 
indicators of interference in population structure^". One pro- 
posed measure of interference is the shift that occurs from the 
‘normal’ distribution of seed weight to a ‘log-normal’ dis- 
tribution of the weight of seedlings grown from those seeds in an 
even-aged monoculture. This shift presumably reflects the 
emergence of a few large and dominant individuals and the 
suppression of larger numbers of small individuals. Recently 
Ford^ and Newbould have proposed that distributions of plant 
weight in competing populations are actually bimodal, resulting 


from the presence of distinct populations of large individuals: 


with positive relative growth rates and small individuals with 
nearly zero growth rates. Even-aged plantations of Picea 
sitchensis demonstrate such disjunct growth rates, and mortality 
is confined to the smaller individuals*. Size distributions in 
naturally thinning populations of Abies balsamea and Prunus 
pensyloanica are also bimodal®. We have studied the dis- 
tribution of seedling weight in even-aged stands of Festuca 
paradoxa, a native North American prairie grass’, and report 
here that although the distribution is bimodal, the bimodality is 
more striking at lower densities, where interference is less 
severe. This result is the reverse of that expected if the extent of 
bimodality were a direct indication of the magnitude of inter- 
ference. Therefore, although bimodality may be an eventual 
outcome of interference, it cannot be used as a measure of the 
strength of interaction between individuals. 

At the highest density (16 seeds cm ?), distributions of In- 
transformed seedling weight (Fig. 1) are only slightly or not at all 
bimodal. The distributions become increasingly bimodal as 
density increases. At the lowest density (1 seed cm ?), the dis- 
tribution appears most strongly bimodal. All distributions are 
significantly different from the normal distribution at the 596 
level (G-tests*). Only the distributions at 16 seeds cm ? show 
significant skewness (to the right?), but all are significantly 
platykurtic (flat-topped?). Platykurtosis is not sufficient to 
demonstrate bimodality, but bimodal distributions are platy- 
kurtic. There is no direct statistical measure of bimodality. 

The bimodality in the weight distributions is not due to an 
underlying bimodality of seed weight, either for the intact 
diaspore or for the caryopeis without accessory tissues (Fig. 2). 
Neither distribution deviates significantly from the normal dis- 
tribution (G-tests*), and neither is skewed or kurtotic. The 
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Fig. 1 Distnbutons of the natural 
loganthm of seedling weight (mg) of 
Festuca paradoxa at five planting 
densities. Sample sizes are given in 
parentheses. Monocultures were 
established in wooden flats (40x 
35 X10 cm) at denstites of 16, 8, 4, 2 
and 1seedscm 2, with two repli- 
cates of each density. Seeds were 
collected from numerous mature 
culms at the Tucker Prairie Research 
Area, Callaway County, Missouri, 
on 16 July 1976 and hand-broadcast 
roto flats in glasshouses at the Uni- 
versity of Michigan, Ann Arbor on 
26 August 1976. Soil was sterilised 
agricultural loam from Washtenaw 
County, Michigan, in a 4:1 mixture 
with sand. Seeds were covered with a 
thin layer of milled sphagnum to 
deter dessication and damping off. 
Seedlings (tops and roots) were 
harvested between 6 and 13 October 
1976 in randomly-placed 5 х5 ст 
plots, 3 for each density, washed to remove soil from the roots, 
dried at 80°C for 24 h, and weighed on a Cahn electrobalance. For 
8,4, 2 and 1 seeds cm >, one-way anovas" showed no differences in 
seedling weight among the three replicates at the 10% level. 
Consequently, the replicates were lumped, and one distribution is 
shown. At 16 seeds cm 2, the replicates differed at the 1%level 
(i= 4.87) and are shown separately. Distributions at 8, 4, 2 and 
1 seeds cm > are all significantly different from the distributions at 
16 seeds cm ? (y? tests?) 


bimodality is not due to an underlying bimodality in germination 
time (Fig. 3). This distribution is significantly right-skewed and 
leptokurtic. 

Mean seedling weight increases with decreasing density 
(Table 1), indicating that resource limitation is occurring at 
higher densities. The bimodal pattern emerges before density- 
dependent mortality. The ratio of seedlings harvested to seeds 
planted is not significantly different for the different densities 
(one-way anova with arcsine transform). Mortality, if occur- 
ring, is uniform among the densities. 

Interference is a prior more severe at higher densities. Our 
finding that bimodality is weaker at higher density suggests that 
at high density, the manifestations of interference in population 
structure are delayed and that the interaction between indi- 
viduals is slowed. At the highest density, all individuals may 
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Table 1 Seedling weight of Festuca paradoxa at five planting densities 
Geometric 
mean of 
Planting seedling 
density M weight +s d. Skewness Kurtosis 
(seeds cm?) (mg) #1 82 
'16 178 1.40x 2.23 0.444*  —0.881* 
16 164 1.58+1.95 0.620% —0.893* 
16 253 1.73+1.88 0.2581 | —0.745* 
8 189 2.78x2.73 — 0.086 —0.935* 
4 94 2.8243.29 0.125 —0.946* 
2 98 3.71+3.38 — 0.165 —1.133* 
1 39 3.92+3.82 —0318 — 1.032t 





Skewness (51) and kurtosis (g2) are calculated for the In-transformed 
distributions shown in Fig. 1. 
*P<0 01; tP «0.05. 
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Fig.2 Distributions of weights of excused caryopses (a) and intact 
Сарогоз (caryopses with lemmas and paleas) (5), obtained оп a 

Cahn electrobalance. Arithmetic scale, sample size is 50 in both 
cases. For the intact diaspores, £ = 0.967 mg, s = 0.170, g, = 0.129 
(not significantly different from zero), and g; = —0.576 (NS). For 
the excised caryopses, £ = 0.639 mg, з = 0.143, g; = 0.008 (NS), 
and gy = —0.502 (NS). Nerther distribution is ngnificantly different 

from the normal distribution (G-test ). 


suffer froni more severe resource limitation; this idea is suppor- 
ted by the right skew in the data at 16 seeds cm ?. The 
appearance of dominant individuals may be postponed. At 
lower densities, because resource limitation is less severe, 
growth is more rapid, individuals are larger, and the emergence 
of dominant individuals (and hence the bimodality) is more 
rapid. 

Factors determining which individuals become dominant and 
which are suppressed remain somewhat obscure. Suppression 
is probably not due to genetic differences!?. Seed size! , order of 
emergence" and neighbourhood effects“ have been implicated 
in determining which individuals become dominant. 





Тию (d) 


"Fig.3 Distribution of day of germination for excised caryopses of 

Festuca paradoxa. Arithmetic scale, sample sire is 222. Excised 

caryopses between filter paper moistened with distilled water were 

germinated in the dark at room temperature. # = 18.64, 1 8.6, 
8177 1.41 (P « 0.01) and 4 3.78 (P<0.01). 


While intrinsic factors generating bimodality cannot be 
exhaustively eliminated, the two most likely intrinsic sources 
(bimodality in seed weight or germination time) have been 
excluded here. The bimodality is probably a direct result of 
interference, although the possibility remains that severe inter- 
ference prevents the expression of an intrinsic bimodality (due 
to other factors) at high density. 

Disjunct populations with zero and positive growth rates are 
sufficient to generate a bimodality in distributions of In-trans- 
formed individual weight. Bimodality appears to be an eventual 
structural result of interference and thus is a valuable descriptor 
of populational attributes. These results demonstrate the need 
to distinguish between populational attributes which charac- 
terise the pace and severity of interference from attributes which 
describe the outcome of interference. 

I thank Carol Hotton, Jody Rapp, Victoria Sork and the staff 
at the Matthaei Botanical Gardens for assistance and Carl 
Gerhardt, John Harper, William Platt, Beverly Rathcke and 
Jean Stout for helpful comments. This research was carried out 
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A method for culture of 
micromanipulated 

sheep embryos and its 

use to produce monozygotic twins 


MICROSURGICAL techniques have -proved Vase for 


investigations of the regulatory capacity of early mammalian 
embryos, including the developmental potential of single 
blastomeres from two-, four- and eight-celled embryos (see an 
1forreview). However, the usefulness of radical 

experiments on early cleavage stages has been restricted largely 
to species in which such.young embryos may be cultured in vitro, 
notably the mouse, as, in most instances, embryos less advanced 
than the late morula stage fail to survive in vivo if the zona 
pellucida has been removed or substantially damaged? ©. There 
has been no satisfactory method for culture in vitro of early 
cleavage stages in the sheep; and consequently there have been 
few reports of attempts to micromanipulate early sheep 
embryos ?. I describe here a method whereby micro- 
manipulated eggs can be protected during their early develop- 
ment in vivo and its use in an investigation of the developmental 
potential of single blastomeres from two-celled sheep embryos- 
with the aim of producing monozygotic twins. The method 
involves coating the eggs with agar after microsurgery so as to 
seal defects produced in the zona pellucida. 

In preliminary experiments it was established that young 
sheep embryos embedded in agar and transferred to rabbit . 
oviducts'? continued to develop at a normal rate, even when the 
zona pellucida was extensively damaged, provided that they 
remained embedded in agar during the culture period. On the 
basis of this observation, a technique was devised which enabled 
the production of monozygotic twins.. . 

Two-celled embryos were collected from super-ovulated 
donor ewes early on day.2 of their oestrous cycle (onset of 
oestrus: day 0). Embryos were collected, stored, micro- 
manipulated and transferred in an enriched phosphate-buffered 
saline medium: (PBS)!!. During storage and manipulation the 
embryos were held at room temperature. 

Monozygotic pairs of agar-coated single blastomere eggs were 
produced as follows. (1) The two-celled egg was held by suction 
with a capillary pipette, and the zona pellucida was ripped open 
along the interblastomeric groove for about three-quarters of its 
circumference with a fine glass needle. (2) The blastomeres were 
sucked out of the zona with the aid of a Pasteur pipette with a tip 
diameter sufficiently апап to -detain the zona while allowing the 
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blastomeres to pass through. (3) The blastomeres were 
separated by gentle suction with a Pasteur pipette of smaller tip 
bore, allowing the passage of only one, slightly compressed, 
blastomere at a time. (4) Single blastomeres were injected with a 
capillary pipette into zonae evacuated as described above and 
held by suction. (5) A 1.2% solution of agar (Difco) in 0.9% 
NaCl in distilled water was prepared. While the solution was left 
to cool, the eggs to be embedded were transferred from PBS to 
sheep serum. (6) When the agar had cooled to 38-36 °C a few ml 
were poured into a Petri dish, and a monozygotic pair of single 
blastomere eggs was immediately transferred to the agar solu- 
tion with a fine-bore Pasteur pipette to be picked up a few 
seconds later in a small amount of agar solution. The agar 
containing the eggs was held in the tip of the pipette for about 
half a minute and then expelled as a solid cylinder into PBS. The 
ends were cut off the cylinder so that the eggs were contained in a 
segment measuring 0.15 x 0.5-1.0 mm. (7) This tiny cylinder 
was in turn embedded by a similar procedure into a larger one, 
measuring 0.7 x 2.0-2.5 mm (Fig. 1). Procedures (1) and (4) 
were carried out with the aid of a Leitz micromanipulator and 
De Fonbrune suction/injection devices. 

One to four agar cylinders, each containing a pair of monozy- 
gotic eggs, were transferred to each oviduct of ewes on days 1 or 
2 of their oestrous cycle. To facilitate collection of eggs, the 
oviducts of recipient ewes were ligated at the utero-tubal 
junction. After 35 to 45 d the eggs were flushed from the oviducts 
and examined. Those embryos which had reached the late 





Fig.2 Eggs from single blastomeres of two-celled sheep embryos 
after culture in sheep oviducts but still embedded in agar 
(~x400). a, b, Monozygotic pair after 4j days’ culture. Both eggs 
have developed at a normal rate and are early blastocysts. c, d, 
Monozygotic pair after 3} days’ culture. c Is retarded in its 
development, whereas d has developed at a normal rate and 
undergone compaction. After fixation and staining, c was found to 
contain 8 cells, d 16 cells, all with morphologically normal nuclei. 
Normally, compaction is only evident in sheep embryos containing 
30 or more cells. e, f. Monozygotic pair after 41 days’ culture. e Is 
completely degenerate, whereas f is an early blastocyst. The large 
defects in the zonae pellucidae are visible in a, b and d. The main 
reason for inserting the single blastomeres into evacuated zonae 
was that the presence of the zona made it easier to remove the agar 
after culture, without damaging the embryo. 


Fig. 1 Diagram of a pair of micro- 
manipulated single blastomere eggs 
and agar embedding. 


morula-early blastocyst stage were considered to have 
developed at a normal rate. Among the rest a distinction could 
be made between those which had undergone some develop- 
ment but were retarded and those which were completely 
degenerate (Fig. 2). 

The results of this part of the experiment are summarised in 
Table 1. It is evident that very considerable losses of embryos 
resulted from inefficient micro- and macrosurgery on two-celled 
embryos and recipient ewes, respectively, but few embryos were 
lost in the course of the embedding procedure. Furthermore, all 
embryos recovered from the recipients had intact agar coatings, 
which made it a simple matter to recognise not only the original 
pairs, but also individual embryos within these pairs. The over- 
whelming majority of embryos recovered had also developed at 
an apparently normal rate. As observed in investigations of 
single blastomere mouse eggs ^, the time at which compaction 
and blastulation occurred reflected the age of the embryo rather 
than the number of cells it contained. 


Table 1 Results of manipulation experiment 





Pairs of monozygotic blastomeres 


Start of experiment (—no. of two-celled embryos) 61 
After removal of zona pellucida, blastomere separation and 
injection into evacuated zonae 33 
After embedding in agar 31 
Transferred to ewes 31 
Recovered from ewes 20 


Stage of development of recovered single blastomere eggs 


Late morula or early blastocyst 35 

Retarded 1 

Degenerate 4 

Monozygotic pairs in which both embryos had developed at a 16 
normal rate 





Thirty-two late morulae and early blastocysts, constituting 16 
sets of monozygotic embryos, were manipulated out of the agar 
with a pair of 24-g hypodermic needles, and transferred to ewes 
on days 5, 6 or 7 of their oestrous cycle. Each ewe received one 
pair of monozygotic embryos. Of 16 recipients, 11 became 
pregnant. One aborted a single fetus on day 100. The remaining 
10 went to term, producing, in all, five sets of twins (Fig. 3) and 
five single lambs. This result represents an embryonic survival 
rate 10-15% below that expected following transfer of ordinary 
embryos on days 5-7 in ѕһеер!2'°. It is likely that damage 
resulting from the manipulations necessary to remove the agar 
before transplantation was responsible for the lower viability of 
embryos in the present experiments, and when the twinning rate 
is taken into consideration, it seems reasonable to conclude that 
each blastomere of a normal two-celled sheep embryo has the 
potential to develop into an entire lamb. In view of the work of 
Nicholas and Hall'^, Seidel' and Tarkowski'^ on single blas- 
tomeres of two-celled embryos of rat, rabbit and mouse, this 
result was not surprising, although the experiments of Mullen, 
Whitten and Carter", in which only one pair of monozygotic 
twins was obtained from the separated blastomeres of an 
unspecified number of two-cell embryos, suggested low viability 
of such *half embryos'. 
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Fig. 3 Three sets of monozygotic twins produced by separation 

of the blastomeres of two-celled sheep embryos. Welsh Mountain 

cross-bred ewes, inseminated with Suffolk ram semen, were used as 

embryo donors. Note the general similarity in the distribution 

of pigmented areas, but also some minor differences between 
co-twins. 


It may be predicted that the agar embedding method will 
prove useful, not only for culture in vivo of micromanipulated 
sheep eggs whether they be of the 'single blastomere' or the 
‘allophenic’'* variety, but also in opening the way for similar 
experiments in other species, such as the pig and the cow, in 
which early embryos cannot yet be cultured in vitro with any 
high degree of success. 
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Chromosome polymorphism and 
sex determination in 
a wild population of tsetse 


SEX in the Diptera is determined by a variety of genetic 
mechanisms ranging from the simple condition of male or 
female heterogamety to complex polygenic systems'. Studies of 
tsetse flies have shown. the males of all species examined to be 
heterogametic XY with a heteropycnotic Y chromosome". 
Such cytological heterogamety is found in many dipteran species 
but the presence of ‘sex’ chromosomes does not necessarily 
mean that they are involved in sex determination". Although 
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there have been no studies specifically related to sex deter- 
mination in Glossina, it has been postulated that the system is 
similar to that found in Drosophila?. І report here on a natural 
population of Glossina palpalis palpalis (R-D) found to contain 
a high incidence of aneuploids, the composition of which may be 
used to explain the mechanism of sex determination in the 
genus. 

Flies were caught at five sites on tributaries of the rivers Niger 
and Kaduna. The sites, Akerre, Kuje, Bwari, Guni and Gimi, 
are located within a 100-km radius of Minna in Niger State, 
Nigeria. Captured females were transferred to the laboratory 
where they were caged individually, maintained at about 25 °C 
and 60-70% relative humidity and fed on rabbits. Puparia 
produced were collected daily and when 5 d old were used for 
cytogenetic analysis. Brains were dissected from the pupae, 
cultured for 3h in Eagle’s minimal medium containing 
1 ре ml! colchicine and fixed in methanol-acetic acid. Air- 
dried chromosome preparations® were made from the brain 
tissue and stained routinely in toluidine blue. 

Production of puparia by the wild-caught flies was poor, many 
females producing only one puparium, the maximum obtained 
from a single female being five. A total of 553 puparia was 
obtained from 249 females, an average of 2.2 puparia per 
female. The normal chromosome complement of G. p. palpalis* 
is 2n =4+XY, but 26 of the females in this study (10.4%) 
produced offspring which were aneuploid. Of these 35 abnormal 
pupae, 22, which were shown to be female by dissection, were 
found to have XXY chromosome complements, and one was 
found to be XXYY; seven pupae, shown to be male by dis- 
section, were found to be XYY (Fig. 1), and a further five pupae 
were XO males. All the females producing aneuploid pupae were 
also shown to be capable of producing normal XX female and 
XY male offspring. In the case of the five XO pupae, each came 
from females which produced only one such aneuploid type, the 





Fig. 1 Metaphase neuroblasts from 5-d-old embryos of G. p. 

palpalis showing sex chromosome aneuploidy. Arrows indicate X 

chromosomes. a, Female, 2n =4+XXY; b, male, 2n =4+XYY. 
Bar = 10 um. 
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rest of their offspring (average three puparia per female) being 
normal. These figures represent the pooled data from the five 
collecting sites, as no significant differences were found in the 
incidence of aneuploidy between sites. 

The presence of an extra Y chromosome, or even two Y 
chromosomes, in female G. p. palpalis, and the absence of a Y in 
males were found to have no obvious phenotypic effect; thus, it 
may be concluded that sex in this species is determined by the 
number of X chromosomes present. This system of sex deter- 
mipation is clearly analogous to that demonstrated in Drosophila 
by Bridges’ classical experiments with mutant strains*. It was 
later established that sex in Drosophila is determined by a 
system of genic balance between sex determinants on the 
autosomes and the X chromosome". Such systems are common 
in insects! and it seems probable that the autosomes play a part 
in sex determination in Glossina; however, until useful genetic 
markers are available, this cannot be confirmed. The X0 male 
pupae found in the present study all had apparently normally 
developing testes, but the course of spermatogenesis could not 
be followed in pupae of this age. Such X0 males are completely 
sterile in Drosophila due to failures at spermiogenesis*, but until 
greater numbers of X0 males are obtained, the precise role of 
the Y chromosome in Glossina remains uncertain, although it 
has been su that it may not be involved in sperm 
development’. , 

The production of sex chromosome aneuploids in this popu- 
lation of G. p. palpalis can be accounted for by non-disjunction 
of the X chromosome during female meiosis, giving XX and 0 
eggs, the fertilisation of which by normal sperm would give rise 
to the XXY females and X0 males found; XXY females when 
crossed with normal males can be expected to produce XYY 
males^. However, the frequency of spontaneous primary non- 
disjunction in female D. melanogaster is known to be very low 
(0.05—0.196)19, and, although such data are not available for 
Glossina, the occurrence of 21 females (8.496) in the present 
sample shown to be XXY (by producing XXY, XYY, XX and 
XY pupae) suggests that they are being maintained in the 
population as a polymorphism rather than by spontaneous 
non-disjunction. As G. p. palpalis is an important vector of 
sleeping sickness in, West Africa, it may be of practical value to 
determine what selection pressures, if any, are maintaining this 
polymorphism i in the population, as the epidemiology of the 
disease is intimately associated with the ecology of the fly’. 

If, as suggested here, sex determination in Glossina is 
controlled by a polygenic system, then it is probable that sex 
ratio-distorting factors are present in the tsetse genome. Such 
factors are commonly found in other Diptera, including 
mosquitoes’? and house flies", which are known to have 
complex sex-determining mechanisms; indeed, it has been 
suggested that segregation distortion may be a means whereby 
mutant sex determinants become established in a population”. 
Sex-ratio distortion has been induced in G. morsitans by irradi- 
ation? and, in view of the present work, it would seem expedient 
to screen natural populations for distorting factors, as any 
mechanism which would increase the production of males would 
be most useful to tsetse control programmes which involve the 
release of sterile males! 
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Giardia excystation can be 
induced in vitro in acidic solutions 


MANY vertebrates, including humans, are hosts for the 
intestinal protozoan parasite, Giardia. This genus has a world- 
wide distribution! and in recent years has become an increas- 
ingly important public health problem?^*, Human infections 
may be associated with intestinal discomfort, diarrhoea, and 
malabsorption syndromes’*"’, The life cycle of Giardia is 
divided into trophozoite and cyst stages. When the cyst is 
ingested by the host, excystation occurs (trophozoites emerge) 
and the upper small intestine is colonised. Although research on 
Giardia excystation began nearly 50 yr ago!*?, conditions for 
the induction of the process.were never defined. We demon- 
strate here (1) Giardia excystation in acidic solutions, (2) the 
pattern of trophozoite emergence during excystation, (3) a 
method for routine in vitro induction of excystation, and (4) the 


` establishment of in vitro axenic cultures from excysted tro- 


phozoites. 
Cyst-bearing faeces were obtained from humans and animals, 
purified by a modification of previous procedures?"?, and 


: stored in water at 8 °C. We attempted to duplicate the conditions 


to which cysts are exposed in vivo. Cysts were exposed to a 


" synthetic gastric juice, transferred into growth medium and 


examined microscopically. Within 5 min trophozoites were seen 
excysting (Fig. 1). The escape of the trophozoites resembled the 


' extrusion of a fluid-filled balloon through a small hole in one end 


of the cyst. 


Table 1 Excystation of Giardia cysts exposed to inorganic acids at 
- pH 2.0 








Mean % 
excystation 
Acid ticum. 
Ha 17.4+2.2 
HNO, 12.5x3.0 
HOO, 15.542.0 
H3SO, 15 $42.6 
HPO, . 19.4::2.8 
Water (control, pH 6.8) 0.20.2 
The mean percentage of excystation is the average of 11 trials; an 
average total of 2,242 cysts were counted in each acid. % 
excystation for water differs significantly from those of all acids (P< 
0.01); mean % excystation values for the acids are not si thy 
different from each other (P > 0.01). 


To identify the factor(s) responsible for the induction of 
excystation, complete and component-varied synthetic gastric 
juice at pH 1.6, HSP-3 (see Fig. 1), and water were tested for 
ability to induce excystation. To count cysts and assess levels of 
excystation, the following standard procedure was developed. 
One volume of purified cyst suspension was added to at least 10 
volumes of excystation solution (such as synthetic gastric juice, 
HCl(aq), water), and the mixture incubated at 37 °C for 1 h. The 
suspension was then centrifuged at 600g for 5 min at room 
temperature, and the pellet resuspended in water and recen- 
trifuged. The pellet was resuspended in 0.5 ml of HSP-3 at^ 
37°С, and a depression slide chamber filled with the suspension, 
sealed with a cover glass and paraffin-Vaseline, and incubated 
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Fig. 1 Representative steps in Giardia excystation. a, Typical cyst; b-f, sequential emergence of trophozoite (arrows in e indicate ventral 
adhesive disks of daughter trophozoites); g, excystation completed, division of daughter trophozoites continuing; h, empty cyst. The entire 
process normally requires 5~30 min. Cysts were exposed to 37°C for 2h toa synthetic gastric juice containing the following components in 
aqueous solution: NaHCO (25 mN), KCI (12 mN), NaCl (40 mN), CaCl, (12 mN), and pepsin (1,500 units ті ; Sigma); final pH 1.6 (refs 22, 
23). Following exposure to the synthetic fluid, the cysts were transferred into 37 °C HSP-3, a Giardia growth medium derived from Meyer's 
HSP-1 and HSP-2 media^* with the following formulation: 85 ml Hanks-phytone broth, 20 ml Seitz filter-sterilised heat-inactivated human 
serum, 7.5 ml NCTC-135 (Gibco), 1.5 ml 1.0M NaHCO,, 200,000 units potassium penicillin G, 0.01 g streptomycin sulphate and 0.01 g 
gentamicin sulphate; final pH 7.0. Photographs were taken under phase contrast at x630 on a Zeiss Invertoscope D with Kodak SO-115 film. 
Scale bar, 10 pm. 


inverted at 37°C for 1 h. The cover glass was scanned system- 
atically at x300 on an inverted microscope, and cysts and 
trophozoites were counted. It was found that exposure of cysts 
to water and HSP-3 yielded negligible (0.196) excystation, 
whereas the other solutions induced 22-26% excystation. Salts 
and pepsin did not significantly alter the level of excystation in 
these solutions (Student's т test, P> 0.01), indicating that HCI 
alone was capable of inducing the process. 

Subsequent experiments with HCl(aq) at pH values between 
0.5 and 6.8 revealed peak percentages of excystation between 
pH 1.3 and 2.7, with a significant drop in excystation above and 
below peak values (Р «0.01), and progressively diminishing 
excystation as the pH approached neutrality. These results thus 
demonstrate a relationship between pH and levels of excyst- 
ation. To determine whether the factor inducing excystation was 
hydrogen ion, chloride ion, or a combination of the two, several 
acids were adjusted to pH 2.0 and excystation attempted by the 
standard procedure. Each acid induced essentially identical 
levels of excystation (Table 1), indicating that the hydrogen ion 
induced excystation regardless of the counterion. 

Giardia excystation therefore seems to be a pH-dependent 
process initiated by acidic conditions encountered during gastric 
passage. Using the standard excystation procedure with pH 2.0 
HCI, we have induced excystation of Giardia from humans, 
monkeys, dogs, rats and mice, and have established cultures 
from excysted trophozoites of cysts obtained from humans and 
monkeys. These cultures have been maintained for up to 7 
months in HSP-3, and most were cultivated axenically from the 
time of excystation. 

This study was supported by research grant R804898020 
from the Water Supply Research Division (MERL) US 
Environmental Protection Agency. We thank Dr Edward Jar- 
roll for suggestions in this research and in the preparation of this 


paper, and Dr Lynette Feeney-Burns for the use of microscope 
optics for photographic work. 
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Arrested proliferation of 
radial glial cells 
during midgestation in rhesus — 


AUTORADIOGRAPHIC analysis using *H-thymidine labelled 
DNA demonstrates that some radial glial cells in the fetal 
monkey cerebrum stop dividing during tnidgestation. After two 
months they re-enter the mitotic cycle and become transformed 
into astrocytes. In their amitotic period, radial glial cells remain 
stretched across the width of the rapidly expanding telence- 
phalic wall. This is significant because elongated d glial fibres may 
have a role in guidance of neuronal migration! ^. The pause in 
proliferation of radial glial cells could ensure a faithful mapping 
of the proliferative ventricular surface upon the expanding and 
convoluted cerebral cortex of primates, including man’. Elon- 
gated radial glial cells span the distance between the ventricular 
and pial surface of the developing t elencephalon (Fig. 1). Studies 
using Golgi silver impre 
Ране н “substantiate the glial nature of this 
transient cell class (for review see refs 12, 13). In the monkey 
occipital lobe, radial glial cells are present throughout the last 
two-thirds of gestation ^, The process of transformation of 
radial glial cells. into astrocytes and ependymal cells begins 
during the first half of gestation and is completed by the second 
postnatal month'^'^, However, during midgestation, when 
neuronal migration is at a peak", many radial glial cells remain 
attached to the’ ventricular and pial surfaces (Fig. 1); they 
increase in length, and curve with the expansion and convolution 
of the cerebral wal]*1*!*, The present study was undertaken to 
determine whether such glial cells undergo cell division after 
attaining their radial configuration. 

Brains from 53 monkey fetuses were exposed to a single pulse 
of ?H-thymidine CH-TdR) at various stages of gestation as part 
of study of primate neurogenesis (Table 1)'^75. Some fetuses 
were killed 1 h after injection (column 2, Table 1) to identify the 
population of actively dividing cells. Others injected at 
comparable gestational ages were killed at 3,7,14 or 50—60 days 
later (columns 3,4,5,6 respectively) to determine which cell 
classes continue to divide (and thereby dilute *H-TdR) as well as 
to show any changes in position of non-dividing cells after 
injection. Finally, some animals were killed several months after 
birth (column 7). Following fixation, one cerebral hemisphere 
from each animal was processed for autoradiography!ó and the 
other was impregnated with the rapid Golgi method". 

Two populations of cells labelled with *H-TdR were identified 
on the basis of their postmitotic behaviour. In monkeys injected 
at E87 (embryonic day 87) or at E90 and killed 1h after 
injection, all heavily labelled cells are found in the ventricular 
and subventricular zones, the two proliferative areas lining the 
lateral ventricles (Fig. 2a). However, in specimens injected at 


approximately the same fetal ages, but killed 3 or 7 days after. 


injection, many heavily labelled cells are found in the inter- 
mediate zone and in the cortical plate while a certain number of 
heavily labelled cells remain in the proliferative zones..In ani- 
mals killed 14 days after injections at E85 or E89, most of the 
migrating labelled cells have already reached their position in 
the superficial layers of the cortex'*; a certain number of 
labelled cells are, however, still found near the ventricle at this 
time. In two additional fetuses injected at E85 and E90, but 
killed after approximately 2 months (E139 and E140, respec- 
tively), all migrating cells generated at E85 or E90 have reached 
their final destinations as neither the intermediate zone nor the 
deep cortical layers contain labelled cells. The shift in location of 
heavily labelled cells reflects the well documented pattern of 
neuronal migration to the neocortex, Again, in these same 
cases, however, a substantial number of heavily labelled cells 
persist in the outer part of the subventricular zone and at the 
ventricular surface. The number of these cells is particularly high 
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in areas underlying large cerebral convolutions where they form 
wedge-shaped aggregates (Fig. 25). 

These observations indicate that during the 2-month interval 
between "H-TdR injection and death, a certain number of cells 
in the subventriculár zone do not divide. These non-dividing 
cells are unlikely to be neurones which in this region complete 
their proliferation by E100 and reach their final destination 
before E120 (refs 14, 15). The large pale nuclei of the labelled 
cells (Fig., 2c) have characteristics ascribed to radial glial cells by 
light and electron microscopy’. Furthermore, their location and 
pattern of distribution in the subventricular zone correspond to 
the dense concentration of radial glial somas revealed by the 
Golgi silver impregnation method in the opposite cerebral 
hemispheres of the same E138-E140 fetuses (Fig. 15). 

In specimens injected with "'H-TdR at E140 and killed 1h 
later, a substantial number of large pale nuclei of radial glial cells 


attt 
. 
of 





Fig. 1 Semi-schematic drawing of the distribution of radial glial 
cells in the telencephalon of two monkey fetuses stained with 
method. a, Dorsal portion of the occipital lobe of 81-d-old fetus 
(E81); b, section from the corresponding region from a fetus at 
E138. Due to the increased thickness of the cerebral and 
expansion of cortical plate during the intervening radial 
glia! fibres that traverse the cerebral wall from the subventricular 
rone near the lateral ventricle to the pial surface become several 
times longer and considerably curved. Abbreviations: CP, cortical 
plate; E, ependyma; I, intermediate zone; LV, lateral ventricle; P, 
pial membrane, RF, radial fibre; SV, subventricular zone; V, 
ventricular zone. For more details see refs 1, 12 and 14. 


© Macmillan Journals Ltd 1979 


304 





Nature Vol. 277 25 January 1979 


Fig.2 а, Low magnification dark-field illumination photograph of the ventricular (V) and subventricular (SV) zones of the occipital lobe of a 
monkey fetus injected with "H-thymidine at embryonic day 90 and killed 1 h later. The confluence of silver gains over radioactive nuclei is such 
that labelled cells at this magnification appear as solid bright dots. Labelled cells are present in both proliferative zones. 5, Similar photograph of 
the corresponding area in monkey fetus injected at E90 but killed at E140. By this fetal age the ventricular zone is exhausted and is replaced with 
the ependymal layer (E). Although during the 50-day period between injection and death most labelled cells have migrated to the cortex, many 
heavily labelled cells are still present in the subventricular zone. In the areas subjacent to large convolutions like the one selected here, aggregates 
of labelled cells form wedges that correspond to the accumulation of radial glial cell somas in Golgi impregnation (for example, see Fig. 15). c, 
Bright-field photograph of large, pale, labelled nuclei (arrows) and unlabelled dark nuclei (crossed arrows) in the subventricular zone of a 
monkey fetus injected at E85 and killed at Е] 39 The dark unlabelled nuclei apparently represent regular proliferating population of 
subventricular cells which incorporate ?H-thymidine throughout gestation, but never retain label over long periods 


are labelled in the subventricular zone. However, in monkeys 
injected at either E90 or E140 but killed postnatally, no labelled 
cells can be detected in this general region of the occipital lobe 
except for an occasional ependymal cell. This finding suggests 
that a certain number of radial glial cells, which have not divided 
for almost 2 months, re-entered the mitotic cycle around E140 
and thereafter divided a sufficient number of times to dilute label 
beyond detection by autoradiographic method. 

Not all radial glial cells in the monkey pass through this 
amitotic period. It seems that the majority of cells that enter this 
dormant phase are generated during midgestation. This explains 
why in specimens killed 14 days after a 'H-TdR injection given 
earlier or later than the midgestational period (Table 1) only 
occasional cells in the subventricular zone remain heavily 
labelled. Evidently, relatively few radial glial cells generated at 
those fetal ages become non-dividing. Why some radial glial 
cells enter a mitotically dormant stage, and what induces them to 


re-enter the mitotic cycle remain to be determined. It is note- 
worthy that radial glial cells in the amphibian optic tectum can 
be induced to re-enter their mitotic cycles by transection of the 
optic nerve", Thus, it is possible that the interaction of the radial 
fibre with the neuropil below the pial surface may mediate the 
proliferative activity of glial cell somas situated near the ventri- 
cular surface. 

The non-dividing cell population in the primate subventri- 
cular zone is formed during the period of rapid expansion of the 
cerebral wall and formation of the cerebral convolutions. The 
2-month dormant period during midgestation would explain 
how some radial glial cells maintain stable positions at both 
surfaces of the cerebral wall during this period (Fig. 1a, b). Their 
amitotic state may be correlated with their proposed function as 
guides for migration of late-generated neurones’ and may 
assure columnar grouping in the cortex of neurones generated at 
common sites in the proliferative zones’. 





Specimens used for the determination of proliferation of glial cells at various stages of development 








Survival after ^H-thymidine injection 


Table 1 
(1) (2) (3) 
Age-matched 
grouping lh 3 days 
E40-43 E41-E41.1 E41-E44 
E44-48 E45-E45.1 E45-E48 
49-53 E50-E50.1 
E54-60 ES58-E58.1 
E61-67 E62-E62.1 
E68-74 E69-E69.1 — 
E75-81 E75-E75.1 — 
E82-88 E87-E87.1 E82-E85 
E88-97 E90-E90.1 E92-E95 
E98-108 E105-E105.1 — 
E109-117 E110-E110.1 — 
E118-130 E120-E120.1 
E131-149 E140-E140.1 E135-E138 


+ 


(4) (5) (6) (7) 
Killed after 
7 days 14 days 1-2 months birth 
E40-E47 E40-E54 E41-E83 E40-P62 
E46-E53 E45-ES9 E45-E78 E45-P58 
Е50-Е64 - E50-P61 
- Е56-Е70 — E56-P66 
— E62-E76 -— E62-P50 
— E70-E84 — E70-P98 
— E77-E91 — E80-P48 
E85-E92 E85-E99 E85-E139 E85-P94 
E90-E97 E90-E104 E90-E140 E90-P63 
Е Е100-Е114 Е102-Р65 
Е110-Е 124 = E110-P62 
E120-E134 — E120-P113 
E142-E149 E135-E149 — E140-P57 





3 : 
Column’ (age-matched groupings) refers to the time period during which a single intravenous injection of H-thymidine (H-TdR) was administered 
to the pregnant monkey Gestation in rhesus monkey lasts about 165 days. Animals are killed at various intervals after injection, as indicated by the 


column headings” 


7) All specimens in any one horizontal row make up one age-matched grouping E = Embryonic day, P = postnatal day. Each 


hyphenated set of ages in columns 2-7 represents a single monkey, indicating first the age at time of *H-TdR injection and then the age at the time of 
death. The numeral 1 in the 2nd column (for example, E58-58.1) indicates survival time of 1 h following injection at a given embryonic day 
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Production of an H-2-related 
suppressor factor by a hybrid T-cell line 


CELL FUSION has been used to study problems in genetics, 
neoplasia and virology’. Its application to immunology was 
initiated by the experiments of Kohler and Milstein”, in which it 
was shown that a myeloma cell (a neoplastic B cell) could be 
fused with a normal antibody-producing B cell, and that the 
hybrids continued to secrete the specific antibody of the latter 
and grew as permanent lines. This type of fusion has since been 
used to produce homogeneous antibodies to a variety of 
antigens". The same principle can also be applied to T cells, 
with the aim of producing T-hybrid lines with characteristic 
T-cell functions, such as cytotoxicity or the ability to help or 
suppress the responses of other lymphocytes. Recently, fusion of 
T cells with T-lymphoma cells has been described, leading to the 
establishment of lines carrying markers characteristic of the 
normal T-cell partner^^, and some lines with T-cell activities 
have been reported*?. We describe here the production of a 
hybrid line which exhibits a characteristic T-cell function, 
namely, specific suppression of the antibody response. The 
hybrid cells produce a suppressor molecule or ‘factor’ which 
binds to an antigen, sheep red blood cells (SRBC), and specifi- 
cally suppresses the antibody response to this antigen in vitro. 
The factor is non-immunoglobulin, but carries determinants of 
the H-2 complex. 

Hybridisation was carried out using the thymoma line 
BW 5147 (derived by Dr R. Hyman), which lacks the enzyme 
hypoxanthine guanine phosphoribosyl transferase (HGPRT) 
and consequently can be killed by medium containing HAT 
(hypoxanthine, aminoptenn, thymidine)'®; 5x10" thymoma 
cells were fused with 2 x 10° spleen cells of C57BL/10ScSn mice 
which had been immunised 5 d previously by injection of 0.1 ml 
10% SRBC, Polyethylene glycol was used as fusing agent, after 
the method of Pontecorvo! as modified by Goldsby et al”. 
After fusion, cells were seeded at about 10$ per well in 0.2-ml 
volumes in 96-well culture plates (Falcon) and cultured in 


0028-0836/79/0277---0305$01 00 


305 


selective medium, that is, RPMI 1640 supplemented with 
1596 fetal calf serum and HAT. After 3 weeks, 58 of 214 wells 
seeded showed positive growth, indicating that they contained 
hybrid (HGPRT-positive) cells; their contents were transferred 
іп 1-1] volumes to 24-well culture plates (Linbro) for continued 
growth. Further cloning of these cells was not carried out. 
Karyotypic analysis of several lines showed that the average 
chromosome number was between the normal mouse diploid 
(40) and tetraploid, and was ın all cases higher than that for BW 
5147, which has a chromosome number close to 40. 
Supernatants of growing hybrid lines were tested for their 
ability to suppress primary antibody responses in vitro of either 
mouse spleen cells or mouse thoracic duct lymphocytes (TDL) 
against SRBC and other antigens. Although most supernatants, 
including that of BW 5147 cells, failed to influence the antibody 
response, a striking suppressive effect was obtained with that of 
a line designated A1. Table 1 shows that the A1 supernatant 
produced suppression of about 9096 of the primary (IgM) 
response of spleen cells to SRBC but did not suppress the 
response .to donkey red blood cells (DRBC). Moreover, the 
suppressive effect could be abolished by absorption of the A1 
supernatant with SRBC, not with red cells of other species. 
Using mouse TDL in a microculture system”, the supernatant 
produced complete suppression of the response to SRBC and 
could be titrated to an endpoint of 5096 suppression at a dilution 





5 100 
E 
o 
ш 
б 
10 н 
No factor И Undiluted 
110 1:5 125 


Factor dilution 


Flg.1 Suppression of the antibody response to SRBC in vitro by 
supernatant factor of the Al hybrid line. The figure shows the 
primary (IgM) antibody response to SRBC of mouse thoracic duct 
lymphocytes (TDL) in the presence of supernatant (factor) of A1 
(@——®), A1 supernatant after absorption by SRBC (O- - - -O) 
or by DRBC (O- —- -O), or supernatant of another line, АЗ, as 
control (B.—— ll). The level of response in the absence of added 
supernatant is shown (A), es i$ the background in the absence of 
SRBC (A). The method will be described in detail elsewhere’? In 
bref, 0.5 x 10° TDL of C57BL/10ScSn mice (an overnight collec- 
tion of mouse thoracic duct cannulated according to ref 20) were 
incubated with 1x 10° SRBC and 25 pl of the factor to be tested 
(or a dilution thereof) in a total culture volume of 225 yl, in 
round-bottomed microtitre trays (Linbro IS-MRC-96TC) under 
5% CO,/air at 37°C. The culture medium was RPMI 1640 

ted with 10% fetal calf serum, 2mM glutamine, 
100 U mI! penicillin-streptomycin and 1x 10 5M 2-ME. After 
4 d, cells in each well were collected and direct plaque-forming cell 
(PFC) numbers determined??. Esch point з the geometnc mean of 
^ triplicate cultures +s.d. 
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Table 1 Suppression of the primary antibody response in vitro by supernatant of the T-hybrid line А1 





; Primary PFC response to: ; 

Supernatant . . SRBC % Suppression DRBC % Suppression 
None 3 29(1960) x 0.05 3.06(1160) x 0.07 
BW 5147 ^ 3.25(1760) x 0.03 - 10 3.09(1240) +0.04 0 
Line A3 . 3.31(2040) + 0.06 0 3.01(1030) x 0.05 11 
Line Al 2.24(174) x 0.13 91 2.99(986) + 0.05 15 
Al after absorption by 

SRBC 3.24(1720) 3 0:07 12 ND 

DRBC р 2.45(280) x 0.15 86 ND 

OxRBC . : 2.62(420) x 0.10 79 ND 

anti-mouse anbserum — « 2.53338) + 0.20 83 ND 

anti-IgM 2.19(158)+0.19 92 ND 

anti-IgG;, 2.48(300) x: 0.13 Р 85 ND 

anti-IgG, 2.56(360) +0.22 . 82 ND 

anti-IgA 2.31(204) x 0.24 89 ND 

anti-H-2* 2.28(193) +0.23 90 ND 

anti-H-2° ^ . 8.33(2130) «0.03 0 ND 





Results are primary IgM plaque-forming cell (PFC) responses of spleen cell cultures. Spleen cells of non-immunimed C57BL/10ScSn mice were 
suspended at a density of 6X 10$ per ml and incubated with 50 jl 1%-red cells in 1-ml volumes in culture tubes (Falcon) for 5 d, as described by 
Fridman and Gteler™: The culture medium was RPMI 1640 with addition of 2 mM glutamine, 1 mM pyruvate, 100 U ml” penicillm—streptomycin, 
10% fetal calf serum, 1% horse serum, 5 x 107° M 2- thanol (ME), and tubes were incubated under 5% CO2/95% air. At the start, 100 ul 
of hybrid supernatant, taken after 48 h incubation of 5x 10" hybrid cells in fresh medrum (RPMI 1640, 15% fetal calf serum, glutamine, pyruvate, 
antibiotics as above) was added. Direct PFC were enumerated on day 5 in agar-free chambers ?. Results as PFC per 10° viable cells, expressed as logio 
geometric means of quadruplicate cultures (anti-log in parentheses) + standard deviation. For absorption by red cells, 1 ші A1 supernatant was mixed 
with 0.1 mi 50% red cells for 1 h at room temperature and then centrifuged. For other absorptions, supernatant was passed over immunoadsorbents 
prepared by conjugation of antisera to CNBr-activated Sepharose (Pharmacia). Anti-mouse antiserum was raised in sheep against whole mouse 
serum; the specific anti-immunoglobulin reagents were also sheep anti-mouse and were ant-MOPC 104E(IgM, A), ant-Adj PCS (IgG. x), 
anti-MOPC 141 (IgG к) and anti-MOPC 315 (IgA, A). Anti-H-2* was С57В1/10 anti-C3H; anti-H-2° was C3H anti-C3H.B10. Line АЗ was a 
non-suppressor line from the same hybridisation, as negative control. DRBC, donkey red blood cells. ND, not done Background (antigen omitted 
from culture): 1.89(79) +0.30 (SRBC), 1.60(40) x 0.33 (DRBC). 


Table2 Suppression by T-hybrid line Al supernatant of the primary response of С57В1 /10 thoracic duct lymphocytes to SRBC and TNP,4-SRBC 





in vitro 
Hybrid Dilution of supernatant А 
Antigen supernatant Undiluted 1:2.5 1:5 1:10 1:20 
SRBC Line A3 2.32(209) +0 04 ND > ND -. ND ND 
Line Al 0.30(2) 0.32 0.38(2) +0 29 1.52(33)+0.19 1.88(76)+0.13 2.27(186)+0 15 
Medium control 2.36(230) +0 04 
Background 1.13(13) x 0.34 
TNP;o-SRBC* ; 
Line A3 2.15(140):: 0.20 ND ND ND ND 
Line Al 0.50(3) x 0.33 0.30(2) 0.38 1.13(13) x 0.35 1.52(33) 0.18 2.12(131) £0.08 
Medium control 2.09(123) + 0.04 d 
Background 0.38(2) x 0.22 





Cultures of TDL were set up as described in the legend to Fig. 1, the initial cell number being 0.5X 10° per culture. Either SRBC or 
trinitrophenylated SRBC (TNPig-SRBC, ref. 21) was added as antigen (1 x 10$ per culture), together with 25 ul of hybrid supernatant or a dilution 
thereof. After 4 d, direct PFC were measured against SRBC or TNP,9-DRBC* Results аз logio geometric means PFC per culture (anti-log in 
parentheses) + standard deviation. Line АЗ was a non-suppressor line used as negative control. As medrum control, normal medium was used instead 
of hybrid supernatant, and for background values, antigen was omitted from the cultures. ND, not done. 


Table 3 Binding of anti-rmmunogiobulin and anti-H-2 antibodies to SRBC treated with supernatant of T-hybrid lines 


Hybrid | Binding (c.p.m.) 
supernatant : Anti-Fab Anti-p < Anti-H-2* Ant-H-2* 
None 73414 93420 86316 10717 
Line A3 46:9 81219 114421 88+23 
Line Al ' 58+10 70612 701566 65+11 
Positive controls (anti-SRBC antiserum) | - Í anti-Fab : 4,330 +263 
Р Є апо-ц .3,720+ 186 
c.p.m. of **]-reagents | anti-Fab: 15,500 +294 
anti-p * 14,2004 318 
Machine background À 35+4 





100 Ш of each supernatant was reacted with .25 pl 10% SRBC; cells were washed 3 times, then incubated with 25 ul of *I-labelled sheep 
anti-mouse Fab or sheep anti-mouse u, or with 25 ul undiluted anti-H-2 antisera followed, after washing, by the '**I-anti-Fab reagent. As positive 
controls SRBC were treated with mouse anti-SRBC antiserum followed after washing by the labelled anti-Fab or anti-44. After further washing, the 
c.p.m. bound to red cells were counted. Anti-mouse Fab was raised in sheep against the Fab fragment of Adj PCS (IgG, x), anti-u was shoop 
anti-MOPC 104E (IgM, A) absorbed with A light chains; anti-H-2 antisera were as m Table 1. Results as means of duplicate tests + standard deviation. 
Line АЗ was a negative control supernatant; supernatants of 36 other lines also gave negative results. 
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of 1:20 (a final dilution in the culture of 1: 180), as shown in Figs 
1 and 2. Here too, absorption of the supernatant with SRBC 
removed its suppressive activity. However, a nonspecific 
suppression of TDL was evident at high concentrations of 
supernatant, when it was possible to suppress the responses to 
trinitrophenylated (TNP)-DRBC or TNP-ovalbumin as well as 
to SRBC (Fig. 2). Nevertheless, specificity for SRBC appeared 
as the supernatant was diluted beyond 1:2.5. Although the 
ability of the A1 supernatant to suppress the anti-TNP response 
to TNP-DRBC was clearly weak (Fig. 2), it suppressed the 
response to TNP in the form of TNP-SRBC as effectively as the 
response to SRBC itself (Table 2). Thus, suppression extended 
to haptens attached to SRBC and was evidently carrier specific. 
To date, we have found the supernatant to be equally effective 
on C57BL/10 (H-2°), СВА (H-25 and BALB/c (H-2$ TDL. 
The production by the A1 line of a suppressor factor with 
specificity for SRBC proved to be a stable characteristic of the 
line and could be demonstrated with supernatants obtained after 
passaging the cells for 7 months in culture. 

The nature of the A1 suppressor molecule was explored by 
passing the supernatant over immunoadsorbents to which anti- 
mouse immunoglobulin (mig) or mouse alloantisera had been 
chemically coupled. Table 1 shows that anti-mIg adsorbents 
were unable to remove the suppressive activity. In contrast, this 
activity was lost if the A1 supernatant was passed over certain 
anti-H-2 adsorbents; specifically, immobilised antisera against 
the haplotype of the primed spleen cells used in the fusion 
(H-2*) were able to remove the A1 molecule, whereas those 
reacting with the haplotype of the thymoma (H-2") could not. 
Similarly, 1t was shown that the molecules in the A1 supernatant 
binding specifically to SRBC carried H-2 determinants and 
were non-Ig. Table 3 shows that. SRBC treated with the Al 
supernatant failed to bind radiolabelled anti-mlg reagents (anti- 
Fab, anti-u), but did bind anti-H-25 antisera (detected by 
subsequent binding of radiolabelled anti-mIg). In other 
experiments this reaction was shown to be specific for SRBC. 
These results indicate that the A1 suppressor factor is an 
SRBC-binding molecule which is non-Ig and carries deter- 
minants coded in some portion of the H-2 complex. The struc- 
ture of this molecule was explored further after radiolabelling, 
as described in the accompanying paper’. 

Surface antigens of the Al line were detected using antisera 
against H-2, mIg and Thy-1. А1 cells expressed the H-2 
antigens of both BW 5147 and C57BL/10 parent cells (H-2* 
and H-2") and both Thy-1 alleles (Thy-1.1 and Thy-1.2, 
respectively). A1 and all othér T-hybrid lines failed to react with 
a variety of anti-mIg reagents, including radiolabelled sheep 
anti-mouse Fab and anti-&, and fluoresceinated anti-whole 
mouse: Ig. Similar results have been found by others" and 
suggest either that BW 5147'does not hybridise with B cells or 
that Ig synthesis is always repressed by BW 5147 genes. The A1 
line formed rosettes with SRBC, indicating the presence of 
receptors for SRBC at the cell surface. However, we have found 
formation of rosettes with red cells of certain species, parti- 
cularly bovine and sometimes sheep, to be a property of many 
T-hybrid lines, but not of BW 5147 itself. It is also seen with 
lines formed by fusion of myelomas with B, cells, and in the 
majority of cases it is apparent that rosette formation is 
unrelated to'the antigen specificity of the lines; its significance is 
not yet clear. Although many T-hybrid lines bind heterologous 
red cells, only A1 has so far been found to release soluble 
material reacting with red cells. (The phenomenon of rosette 
formation by hybrid lines will be published elsewhere™.) 

The results described here show that it is possible to produce 
by fusion a hybrid line which retains a functional characteristic 
of a normal T-cell population after antigen stimulation. This and 
similar lines"? promise to be of considerable value in studying 
the properties of the molecules produced by normal T cells, 
including receptors for antigen. From the characteristics of the 
A1 line, we suggest that the normal parent cell in the fusion may 
have been an SRBC-specific suppressor T cell. Thus, the 
suppressor molecule it releases resembles the antigen-specific 
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Fig. 2 Specificity of suppression of the antibody response by А1 
supernatant factor. Culture conditions were as described їп Fig. 1, 
^ using in this experiment TDL of CBA mice Antigens added to the 
cultures were 1x 10° SRBC (О), 1x 10°TNPig-DRBC (A) or 
0.125 pg TNP,-ovalbumin (C), together with 25 pl of Al factor or 
а dilution thereof (trinitrophenylation of DRBC was according to 
ref. 21). PFC were determined against SRBC or TNPio~SRBC” 
after 4 d. Controls are shown in which supernatant of the A3 line 
was used instead of Al (closed symbols) or in which no super- 
natants were added. 


factors which have been found in cultures or extracts of antigen- 
stimulated T cells and which can replace T cells in regulation of 
the antibody response!^!5, Although the A1 line has not yet 
been cloned, it is likely that the factor it produces is homo- 
geneous and recognises a single type of determinant on SRBC. 
Nevertheless, it is able to suppress the anti-SRBC response 
completely and can also inhibit the response to a hapten coupled 
to SRBC. Thus, it seems unlikely that its suppressive action is 
due solely to blocking of antigenic determinants on the red cell 
surface. A direct effect on lymphocytes is indicated by the 
apparently nonspecific suppression which Al supernatants 
produce when at sufficiently high concentration (Fig. 2) and by 
more recent observations we have made which indicate that the 
A1 factor is absorbed by B cells in the absence of SRBC”. Our 
hypothesis is that the factor reacts with both B lymphocytes and 
SRBC and that its greater effectiveness against the latter than 
against other antigens is due to its binding site for SRBC, which 
causes it to be concentrated at the surface of SRBC-binding B 
celis 


An important point of similarity with other specific T-cell 
factors is that although the A1 factor binds specifically to SRBC, 
it lacks Ig determinants and carries antigens coded by the H-2 
complex >! Until now the main drawback to determination of 
the structure of antigen-specific T-cell factors has been the very 
small amount of material available, a problem which is over- 
come by the release of factors by permanent hybrid lines. In the 
accompanying report, some molecular characteristics of the 
suppressor factor produced by the A1 line are described. 

We thank Dr P. Démant for alloantisera, Dr D. Antczak for 
TNP;-ovalbumin, Mr J. Herbert for sheep anti-mouse Ig 
antisera, Mr N. Richardson for iodinated anti-mouse Ig reagents 
and Dr J Howard for helpful suggestions. This work was 
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едь of an antigen-specific 
suppressor factor 
produced by a hybrid T-cell line 


THE preceding report’ described the production by the hybrid 
T-cell line A1 of a suppressor factor with specificity for sheep 
red blood cells (SRBC). The factor, which binds specifically to 
SRBC and suppresses the antibody response to this antigen in 
culture, does not react with anti-mouse immunoglobulin (mIg) 
reagents, but is removed by mouse alloantisera (anti-H-2). In 
these respects it resembles the antigen-specific T-cell factors 
which have been obtained from T cells after stimulation by 
antigen and which à play an important part in regulation of the 
antibody response*”, We report here our study of the structure 
of the A1 suppressor molecule by incorporation of *H-leucine, 
followed by SDS-polyacrylamide-gel electrophoresis (SDS- 


PAGE). The molecule seems to be composed of two types of" 


polypeptide chain in noncovalent association, a large chain of 
molecular weight 85,000 and a small chain of 25,000. The MW 
of the native molecule is about 200,000. The isolated large chain 
binds to SRBC. The H-2 determinants arè apparently present 
on the small chain. 

The origin of the A1 line, as a result of fusion between the 
AKR (H-2*) thymoma line BW 5147 and spleen cells of а 
C57BL/10ScSn (Н-2°) mouse injected with SRBC, and the 
properties of the supernatant of the line, have been described in 
the preceding report’. The molecular weight of the A1 suppres- 


sor factor was determined by gel filtration on an ultrogel AcA34 , 


column (LKB), eluted fractions being tested for ability to 
suppress the primary response of murine thoracic duct lympho- 
cytes against SRBC, as previously described’. The maximum 
suppressor activity emerged in the same fractions as a 7S IgM 
marker, indicating an apparent MW of about 200,000. No 
activity was found in fractions corresponding to MWs of less 
than 150,000 (Table 1). 

Internal labelling of the A1 factor was achieved by y allowing. 
the cells to incorporate *H-leucine. Cells at a density of 2x1 
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Fig. 1 SDS-PAGE profiles of SRBC-binding factor produced 
by the Al hybrid line. a, Electrophoresis on 10% polyacrylamide 
gel of SRBC treated with *H-leucine-labelled supernatant of 
A1(——) or BW 5147(- ~ ~). 100 ш of the labelled supernatant 
was incubated with 10 ul packed SRBC for 1 h at room tempera- 
ture. The red cells were then washed 3 times, dissolved in SDS 


sample buffer in the of 2-ME and phenyl- 
methanesulphonyl fluonde, heated at 100°C for 2 mm and run 
according to the discontinuous system of . Markers were 
Jase a (PPa, MW 92,000), heavy (u) and light (L) chains 
of MOPC 104E, bovine serum albumin (BSA, MW 68,000), oval- 
bumin (OA, MW 45,000), and soybean trypsin inhibitor (STI, 
MW 21,000). b, Electrophoresis on 15% polyacrylamide gel of 
SRBC treated with *H-leucine-labelled supernatant of AT(——) 
or BW 5147(- -—) Red cells prepared as in a. Markers as in a with 
addition of cytochrome c (CC, MW 12,500). urbs тА 
15% polyacrylamide gel of SRBC treated with *H-leucine- 
supernatant of A1 after precipitation by anti-H-2*(—-) or эи 
Н-2%(- — —) antisera and sheep anti-mouse whole serum. 100 pl of 
the labelled supernatant was mixed with 20 ul undiluted anti- H-2* 
(C57BL/10 snti-C3H) or anti-H-2? (C3H anti-C3H.BIO) 


‘antiserum, followed after 1h by 250 ul sheep anti-mouse whole 


serum. After removal of the precipitate 10 ш packed SRBC was 
added to the supernatant and after 1 h at room temperature the red 
cells were washed and run on SDS-PAGE as in b. Markers as 


чазы E HD ооа роо 
SRBC treated with NP40 extracts of "H-leucine-labelled А1 cells 
(— or BW 5147 cells (- ——). 10 Ш packed glutaraldehyde-fixed 


SRBC was added to 30 ul NP40 extract (see text); after 1 hat room 
temperature the red cells were washed and run on SDS-PAGE аз 
in b. Markers as above. 
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Tablel Determination of molecular weight of A1 suppressor factor by 








gel filtration 
Fraction no. PFC % Suppression 
21 2 21(162) x 0.08 0 
23 2.29(195) x 0.10 0 
25 1.7050) +0.18 71 
27 1.02(10) +0.28 99 
29 1.08(12) +0.15 97 
31 1.3020) x 0.25 92 
33 2.06(115) 0.11 25 
35 2.20(160)+0.18 0 
37 2.14(138) 0.12 9 
39—61 No suppression in any frac- 
tion 
Medium control 2.18(151) x 0.10 
Background 0.90(8) x: 0.25 


5 ml of A1 supernatant was concentrated to 0.8 ml, centrifuged to 
remove aggregates, and the sample applied to an ultrogel AcA 34 
column (dimensions 93 cm x 2 cm?). The column was run in phosphate- 
buffered saline. 3-ml fractions were collected and alternate fractions 
from no. 21 omwards were tested for ability to suppress the primary 
response to SRBC in vitro of mouse (C57BL/10) thoracic duct lympho- 
cytes, as previously described’. Markers for MW were run separately 
and were shown reproducibly to emerge maximally in the following 
fractions: 23, blue dextran (exclumon volume); 27, 7S IgM (partial 
reduction product of МОРС 104E, MW 216,000); 37, ш chain of 
MOPC 104E (MW 80,000); 41, bovine serum albumin (MW 68,000); 
44, ovalbumin (MW 44,000), 47, light (A) cham of МОРС 104E 
(MW 28,000); 61, phenol red. PFC results as logio PFC per culture 
(anti-log in parentheses)-standard deviation. For medium control, 
norma! medium was used instead of fraction, and for background values, 
SRBC were omitted from culture. 


per ml were incubated for 20h in leucine-free RPMI 1640 
medium (free of fetal calf serum), supplemented with 100 pCi 
per ml of?H-leucine (Amersham). The labelled supernatant was 
allowed to react with red cells of various species and was found 
to bind optimally to SRBC, with some detectable binding to 
rabbit red cells, but none to mouse, ox or donkey (Table 2). This 
binding did not occur if the labelled supernatant was first treated 
with anti-H—2^ antiserum, followed by precipitation with sheep 
anti-mouse whole serum; in contrast, anti-H-2* antiserum 
failed to remove the binding activity in this test, as shown in 
Table 1. (H-2^ is the haplotype of the primed spleen cells used in 
the fusion; H—2* is that of the thymoma cells to which they were 
fused.) Precipitation with anti-mlg reagents, including anti-IgM 
(MOPC 104E) and anti-IgD (Sera Labs), or with sheep anti- 
mouse whole serum, also failed to remove the SRBC-binding 
molecule from the tritiated A1 supernatant. 

SRBC which had been allowed to bind the tritiated A1 factor 
were washed, dissolved in SDS in reducing conditions and 
electrophoresed on 10% and 15% polyacrylamide gels* (Fig. 


Table 2 Binding to red cells of supernatant of T-hybrid line A1 after 
incorporation of *H-leucine 


c.p.m. bound by red cells of 

Supernatant Treatment Sheep Mouse Ox Rabbit Donkey 
BW 5147 — 82 71 64 63 87 
A1 — 640 80 83 240 106 
Al Anti-H-2^ 

precipitation 166 
Al Anti-H-2* 

precipitation 519 


50 Ш of supernatants of the A1 hybrid line or of the thymoma 
BW 5147, after labelling with "H-leucme as described in the text, were 
reacted with 10 ш 10% red cells of the species shown for 1 h at room 
temperature. The red cells were then washed 3 times and counted ina 
B-counter. Where indicated, A1 supernatant was precipitated, before 
the binding assay, by addition of 10 ul undiluted anti-H—2 antiserum to 
50 jl supernatant, followed after 1 h by 150 ul sheep anti-mouse whole 
serum. Апі-Н-2° antiserum was C3H anti-C3H.B10; anti-H-2* was 
CS7BL/10 anti-C3H. Results are means of duphcate tests. 
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1а, b). This revealed two polypeptide chains, a large chain which - 
showed an apparent MW of about 85,000 and a smaller chain of 

about 25,000. Similar gel profiles were obtained in the absence 

of 2-mercaptoethanol (ME), indicating that the chains are not 

linked by disulphide bonds. If the A1 supernatant was first 

reacted with anti-H-2^ antiserum, followed by precipitation 

with sheep anti-mouse whole serum, both chains were removed; 

reaction with anti-H-2* antiserum and sheep anti-mouse whole 

serum failed to precipitate either chain (Fig. 1c). From these 

Observations, it seems that the SRBC-binding molecule 

produced by the A1 hybrid line is composed of two types of 
polypeptide chain, one or both of which carries determinants 
coded by genes in the H-2 complex of the primed spleen cells 

used in the fusion. 

, Attempts were then made to identify the SRBC-binding 

molecule in lysates of the labelled A1 cells. After incorporation 

of ?H-leucine as above, A1 cells were dissolved in the non-ionic 

detergent Nonidet P40 (NP40). Nuclei were spun down and the 

solubilised material tested first for binding to glutaraldehyde- 

fixed red cells (the fixation was such as to prevent lysis in NP40, 

but leave red cell antigens available, as evidenced by binding of 
anti-red cell antibodies). Table 3 shows that the NP40-extracted 
material from A1 bound to SRBC specifically; however, binding 
was not appreciably reduced by precipitation of the extracts with 
anti-H-2 antisera. Furthermore, when analysed by SDS- 
PAGE, the NP40 lysate of A1, absorbed onto fixed SRBC, 

showed a single peak of radioactivity, corresponding to the large 

chain of the A1 supernatant molecule (Fig. 1d). This peak 
persisted after precipitation of the lysate with anti-H-2> 
antiserum and sheep anti-mouse whole serum. These findings 
imply that the H-2 determinants of the supernatant factor 
secreted by A1 are associated only with its smaller polypeptide 
chain. The absence of the latter from NP40 extracts suggests that 
the large and small chains may be assembled only when the 
molecule is secreted and that within the cytoplasm they may 
exist as separate pools. 


Table3 Binding to red cells of NP40 extracts of T-hybrid line A1 after 
incorporation of *H-leucine 





c.p.m. bound by red cells of: 
Extract Treatment Sheep Ox Donkey 
BW 5147 — 125 85 135 
A1 — 520 116 143 
A1 Ant-H-2° 
precipstation 405 91 76 
A1 Anti-H-2* 
precipitation 476 82 89 


Hybrid line A1 and thymoma BW 5147 were internally labelled by 
growth in *H-leucine as described in the text. Extracts were prepared by 
dissolving 2 x 10” labelled cells ш 500 ш 1% NP40 and aliquots of 25 jd 
were tested for binding to 50 pl 2% red cells previously fixed in 0.25% 
glutaraldehyde. Precipitation with anti-H-2 antisera was аз in Table 2. 
Results are means of duplicates. 


Although the structure of the A1 suppressor factor is 
reminiscent of 7S immunoglobulin, the chains are not disulphide 
linked and moreover lack the antigenic characteristics of either 
Ig heavy or light chains. The only antigenic determinants so far 
detected on the suppressor are those of the H-2 complex. The 
observations with labelled molecules extracted from A1 cells 
with NP40 indicate that the large chain is able to bind specifically 
to SRBC, but lacks both Ig and H-2 determinants. We conclude, 
therefore, that the H-2 specificities detectable on the secreted 
factor are probably associated with the 25,000-MW chain. As 
yet there is no evidence that the latter has a role in binding to 
SRBC. 

The, similarity in general properties between the А1 factor 
and antigen-specific T-cell factors has already been noted, in 
particular, the features of specific antigen binding together with 
Н-2 association. A notable difference is the molecular weight, as 
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the MWs of the factors obtained by sonication of suppressor T 
cells’ or from T-cell supernatants? have been foudd to lie in the 
range of 35—55,000. It may be that the MWs of factors reported 
hitherto have been underestimated, perhaps due to partial 
proteolytic digestion before sizing. 

The indication that H-2 specificities are carried by the smaller 
chain of the A1 factor is of particular interest. We have not yet 
mapped the sub-region of H-2 coding for this chain, but 
antigen-specific suppressor factors obtained from T cells? or 
from another T -hybrid line? carry Ia determinants of the I-J 
sub-region. The size of the small chain of the A1 factor, about 
25,000, would be consistent with an origin in the I region, as 
mouse Ia molecules have chains of MWs about 25,000 and 
35,000 (ret. 6). Although the large chain of the factor carries a 
binding site for SRBC, it may be the role of the H-2-derived 
chain to provide the suppressive activity of the factor. The 
importance of the binding site would then be'to ensure a high 
local concentration of factor at the surface of antigen-binding 
lymphocytes and hence specificity of suppression’. 

We thank Dr P. Démant for alloantisera and Mr J. Herbert for 
sheep antisera. : А 
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Crossreacting determinants in 
the C-terminal region of ` 
trypanosome variant surface antigens 


ANTIGENIC variation seems to be the primary mechanism 
enabling the pathogenic African’ trypanosomes to evade the 
immune systems of their mammalian hosts (reviewed in refs 

1-3). Antigenié ‘variation is mediated through sequential 
expression of an extensive repertoire of variant surface gly- 
coproteins (VSGs).. Several VSGs have been -purified from 
cloned variants of Trypanosoma brucei*^. The diversity in amino 
acid composition, conformational features and- N-terminal 
amino acid sequences’ implies extensive structural diversity in 
VSGs so far studied. Earlier studies failed to identify 
immunological crossreactivity between VSGs when purified or 
whilst on the surface of living trypanosomes. Some time ago, Dr 
Frans van Knapen and I, while performing enzyme-linked 
immunoabeorbant assays, were puzzled to observe extensive 
crossreactions between two purified VSGs and a wide range of 
antisera to different trypanosome species (unpublished experi~ 
ments). A recent study by Barbet and McGuire* provided 
additional evidence for the presence of strongly crosereacting 
determinants on a wide range of VSGs. In several cases, the 
VSGs examined by Barbet and McGuire origínated from clones 
which I previously prepared and examined. T have therefote 
re-examined several VSGs and their corresponding antisera by 
radioimmunoassay. The results reported here ‘are consistent 
with those of Barbet and McGuire.’ Additional observations 
suggest that the crossreacting determinants are located towards 
the C-terminal end of the VSG. 
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As no rational basis for classification of VSGs exists, they are 
referred to by the stock numbers of the trypanosome clone from 
which they were obtained, as previously described*. Figure 1 
shows the titration, by radioimmunoassay, of antisera of seven 
specificities against four variant antigens purified from randomly 
selected clohes of T. brucei strain 427 (ref. 4). It is clear that 
VSGs 55, 221 and 121 may be substantially precipitated by 
certain heterologous antisera; VSG 55 (Fig. 1a) is most 
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Fig. 1 .Immunopreciprtation of four VSGs and three N-terminal 
tryptic fragments by homologous and heterologous antisera. The 
antigens are VSGs 55 (a); 221 (5); 121 (c); 116 (d), and N- 
. terminal fragments from .VSGs 55 (e); 221 (f); and 121 (g). О, 
Homologous antisera; 6, heterologous antisera. Antigens were 
labelled by the chloramine-T method to a specific activity between 
1,000 and 10,000 c.p.m. per ng. Antisera were raised m 2-4-kg 
New Zealand White rabbits by primary subcutaneous injection at 
four sites of a total of 1 mg рилбей VSG in an emulsion of 0.2 ml 
saline per 0.2 ml Freunds complete adjuvant. Two further’ sub- 
cutaneous injections of 0.5~1 mg VSG ın saline were given at 10-d 
intervals. Sera were obtained 7-10 d after the third or subsequent 
injections of antigen and were lyophilised and stored under 
nitrogen at —20°C. Radioimmunoassay was performed by 
incubating (2 h at 37 °C in a total volume of 0.065 ml phosphate- 
buffered ` saline"? containing 4 mg ml"! bovine albumin) 1ng 
‘antigen with antisera dilutións prepared in appropriate dilutions of 
-normal rabbit serum to maintain a constant amount of rabbit serum 
in each assay. Antigen-antibody complexed were precipitated with 
goat anti-rabbit IgG (Miles) and counted. Antiserum dilution is 
plotted against the percentage of bound antigen, after correction 
for nonspecific binding, taking the maximal precipitation’ by 
homologous antiserum as the 100% value. Maximal precipitation 
was generally equivalent to 95-100% of acid-precipitable 
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effectively precipitated by heterologous antisera 116, 121 and 
221. However, an eightfold dilution was required to approach 
100% precipitation. At this concentration neither antisera 99 
nor 103 caused significant precipitation; 121 was the only 
heterologous antiserum which totally precipitated VSG 221 
(Fig. 1b). The concentrations of heterologous antisera required 
to precipitate 50% of VSG 221 or 121 were 100-fold to 1,000- 
fold higher than the effective concentration of homologous 
antiserum. VSG 116 (Fig. 1d) was even less effectively pre- 
cipitated by the four heterologous antisera tested. 

The extent of heterologous precipitation demonstrated in 
these experiments is more variable and considerably less than 
that experienced by Barbet and McGuire". Several factors may 
combine to explain both this discrepancy and my own earlier 
failure, and possibly that of others, to detect significant cross- 
reactions. In agreement with our previous experiences, Barbet 
and McGuire were unable to demonstrate crossreactions by gel 
immunodiffusion or by reaction of living trypanosomes with 
fluorescent antisera. These were the only techniques which I 
routinely used for screening the antigenic specificities of try- 
panosomes and purified VSGs. Only minimal use had been 
made of radioimmunoassay procedures and these had been 
performed using **S-formylmethionine sulphone-labelled? 
antigens having only 1% of the specific activity of the iodinated 
antigens used in the current experiments. Considering the low 
specific activity and small range of VSGs and antisera previously 
used, it is not surprising that we did not detect crossreactions. 
Recent experience suggests that the immunisation protocol used 
by Barbet and McGuire, particularly the use of very low 
amounts of VSG, is an additional factor in obtaining strongly 
crossreacting antisera. 

Our findings*'? that native VSGs may be selectively cleaved 
by trypsin and the resultant large and small N-terminal and 
C-terminal fragments separated in the absence of denaturing 
agents, Offered the possibility of determining whether the 
crosareacting determinants were localised in one region of the 
molecule. Large undenatured N-terminal tryptic fragments of 
molecular weights 52,000, 41,000 and 44,000 were purified 
from VSGs 55, 121 and 221 respectively. Antisera were raised 
against the fragments from VSGs 55 and 121. The three frag- 
ments were iodinated and their precipitation by heterologous 
and homologous antisera was investigated. 

The results given in Fig. 1 e, f, g show that the tryptic 
fragments from VSGs 55 and 121 were efficiently precipitated 
by homologous antisera from rabbits immunised with either the 
corresponding fragment or the intact VSG. The fragment from 
VSG 221 was efficiently precipitated by antiserum against intact 
VSG 221. There was no precipitation of any N-terminal frag- 
ment by heterologous antisera, in striking contrast to the results 
obtained with the intact VSGs. A subsequent experiment with 
more strongly croesreacting antisera confirmed these results. 
Additionally, antisera raised against the N-terminal fragments 
of VSGs 55 and 121 were unable to precipitate intact VSG 221. 
All these results strongly suggest that the crosareacting deter- 
minants are not located in N-terminal fragments representing up 
to 80% of the intact molecule. However, crossreacting deter- 
minants might be formed by amino acid sequences in both 
N-terminal and C-terminal domains being brought into proxi- 
mity by the overall conformation of the intact glycoprotein. In 
view of the ease with which the two domains dissociate on tryptic 
cleavage, this seems unlikely. 

Confirmation that the C-terminal fragment was the unique 
location of crossreactivity, was sought by inhibition studies using 
a glycopeptide fraction representing the C-terminal 17,000 
molecular weight initial cleavage product of VSG121 
(equivalent to VSG 52 in ref. 6). Carbohydrate is found only in 
the C-terminal 25% of VSG 121 (refs 6, 10). Following trypsin 
digestion of VSG 121, a glycopeptide fraction was purified by 
absorption on concanavalin A-Sepharose, followed by elution 
and rechromatography on Sephacryl-S200. A single peak of 
14,000 apparent molecular weight was recovered from the 
Sephacryl column. At a 10-fold molar excess, this undenatured 
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C-terminal glycopeptide fraction was able to inhibit by 8096 the 
immunoprecipitation of intact VSG 55 by antiserum 121 (Table 
1). A 540-fold molar excess of the N-terminal 52,000 molecular 
weight fragment of VSG 55 did not inhibit cross precipitation: 
neither did a 160-fold molar excess of the N-terminal 41,000 
molecular weight fragment of VSG 121. These results suggest 
that the crossreactions can be attributed to the C-terminal 
regions of VSGs 55 and 121. 

The second section of Table 1 shows the competitive effects of 
various amounts of unlabelled intact VSGs on the precipitation 
of radioactive VSG 55 by a dilution of antiserum 121 which gave 
6096 precipitation of VSG 55 in uninhibited controls. The 
effectiveness of different unlabelled competitor VSGs as inhibi- 
tors varied; VSGs 55, 121 and 60 were most effective, VSGs 221 
and 116 were less effective and VSG 118 at a 1,000-fold excess 
was only partly competitive. The reason for these variations is 
not apparent. One implication is that the crossreacting deter- 
minants are not shared by all VSGs. In a region the size of the 
approximately 150 amino acid C-terminal domain, there might 
be several antigenic determinants which are shared to different 
extents by different groups of VSGs. On the other hand, the 
inhibition experiments of Barbet and McGuire* suggest a much 
greater uniformity of crossreactivity between all the VSGs 
tested by them. This discrepancy may reflect the relatively few 
VSGs now being studied in either laboratory. It is possible that 
immunological croesreactivity will identify the existence of 
different VSG subgroupe. The use of monoclonal antibodies!! 
might clarify the situation. 

The C-terminal domain of VSG 121 contains all the carbo- 
hydrate; could carbohydrate be responsible for the immuno- 
logical crossreactivity? This is not easy to confirm, but three 
relevant observations have been made. First, concanavalin A 
did not block the crossreactivity between VSG 55 and antiserum 
121 (Table 1). Second, VSG 118, which was the least effective 
inhibitor of crossreactivity, contains more carbohydrate (1796 


Table 1 Inhibition of immunoprecipitation of VSG 55 by antiserum to 
VSG 121 








% Inhibition of 
precipitation of 
Competitor radioactive 
(unlabelled) ng per assay antigen 

55 t52 430 5 
43 2 
121141 100 5 
10 0 
121117 260 100 
26 100 
26 80 
VSG 55 100 98 
10 74 
1 8 
VSG 121 260 100 
26 100 
2.6 22 
VSG 221 100 95 
10 22 
1 5 
VSG 60 10 100 
1 31 
VSG 116 100 95 
10 35 
1 1 
VSG 118 1000 27 
100 10 
10 0 
Сопсапауайп А 100 0 
10 0 





Unlabelled competitors were diluted in PBS containing 2 mg m! ! 
bovine albumin. Assay conditions were otherwise as described for Fig. 1 
except that the total incubation volume was 0.085 ml. 55 152 and 121 
141 are the N-terminal tryptic fragments from VSGs 55 and 121. 121117 
15 a C-terminal fragment from VSG 121. 
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by weight) than any other VSG studied. Third, one experiment 
was performed in which the 121 C-terminal precipitation- 
blocking glycopeptide was treated with Streptomyces griseus 
endoglycosidase H (Miles). After treatment, the C-terminal 
fragment was repyrified by passage through a column of 
concanavalin A-Sepharose, on which it was no longer retained., 

removal of the oligosaccharide side chain, blocking 
activity was not eliminated but was reduced 10-fold. This 
reduction could be due to conformational changes arising during 
the several repurification. steps which were used after gly- 
cosidase treatment. The possible role of carbohydrate in cross- 
reactivity needs further investigation. 

From the evidence of its susceptibility to ` proteolytic 
cleavage®, the VSG C-terminal polypeptide region may be 
rather loosely folded. We must therefore also consider that 
slight denaturation may expose antigenic determinants in this 
area which are normally masked by the native configuration of 
the polypeptide. 

It might reasonably be assumed that VSGs have evolved by 
gene duplication and mutation or are made by some kind of 
gene-splicing mechanism. Therefore, crossreactivity is perhaps 
not surprising. Another argument for some conservation of 
structure is that all VSGs must presumably attach to the plasma 
membrane in a similar manner. The crosareacting determinants 
are apparently masked on living trypanosomes” and so is the 
C-terminal region of the VSG"°. These facts do not greatly 
encourage us to believe that crossreacting determinants could 
provide a basis for immunisation, although this possibility will 
undoubtedly be explored. The significance of cxossreactivity 
must be clarified by immunochemical and amino acid sequence 
studies of a range of VSGs. 

I thank A. F. Barbet for a preview of ref. 8, and Lyn Gurnett 
and Lynne Dery for technical assistance. , 
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Dexamethasone-induced adhesion 
in hepatoma cells: ` 
the role of plasminogen activator 


TRANSFORMED CELLS are frequently less adhesive than 
normal celis. This decrease in adhesion has been associated with 
the loss of specific cell surface proteins, changes in morphology, 
alterations in the underlying cytoskeleton and the increased 
activity of the serine protease, plasminogen асбуаќог'°. Hepa- 
toma tissue culture (HTC) cells exhibit increased levels of 
adhesion to рава“? and decreased plasminogen activator 
activity” when incubated in the presence of the synthetic 
glucocorticoid, dexamethasone. Plasminogen activator converts 
plasminogen in serum to plasmin. It has been shown that 
plasmin causes the reversible dissociation of intracellular actin- 

containing cables in anchorage-dependent rat embryo сев? and 
may also be partially responsible for decreased adhesion of Rous 
sarcoma virus-transformed chicken embryo fibroblasts". Cell- 
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Fig. 1 Wild-type HTC cells were incubated overnight in radioactive 
arenis (Oy oc ae placminogen-depleted fetal calf serum in the 
presence (8) or absence (O) of 0.1 yM dexamethasone, or in the same 
reconstituted with 4.8 ug ml" plasminogen in the presence (A) or 
absence (A) of 0.1 pM dexamethasone The assay condrbons were the same 
‚ as for celis mcubated in serum-contiuning medrum (see legend to Table 1) 
chroma- 


and collecting Ths was acd 
treated to reduce the activity of protease mhibtora! ^ and filter sterilised 
(0.45 um pore sze). 


substrate adhesion presumably requires specific cell surface 
glycoproteins and intact cytoskeletal elements*”°. It is possible 
that plasmin acts either to modify ‘adhesive’ proteins on the cell 
surface or to disrupt linkages between these surface components 
and the underlying cytoskeleton. We have used variant HTC 
cells selectively resistant to the dexamethasone inhibition of 
plasminogen activator® to test the hypothesis that hormonal 
induction of cell adhesion is secondary to the inhibition of 
plasminogen activator which in turn allows the accumulation of 
the glycoproteins necessary for adhesion. We have modified cell 
adhesion assay techniques^!! to provide a sensitive measure of 
cell-substrate adhesion for both wild-type and variant HTC cells 
in the presence and absence of serum and plasminogen. We 
report here that plasminogen activator does not have an 
important role in the hormonal regulation of HTC cell 
adhesiveness. 

HTC cells were routinely grown in spinner culture without 
antibiotics in Eagle’s minimal essential medium, modified to 
contain 2mM glutamine, 5% each heat-inactivated fetal calf 
and calf serum (Grand Island Biological), 5.8 mM NaHCO; and 
50 mM Tricine (Sigma). Variant HTC cell lines fully resistant to 
the dexamethasone inhibition of plasminogen activator were 
isolated using an agar-fibrin overlay technique to detect plas- 
minogen-activator production by individual colonies of cells“. 
Glucocorticoid-receptor function was determined to be normal 
1n variant cell lines on the basis of normal tyrosine aminotrans- 
ferase induction by dexamethasone, assayed as described by 
Spencer and Gelehrter??. 

Wild-type HTC cells incubated for 18 h in serum-containing 
medium in the presence of 0.1 рМ dexamethasone typically 
show a twofold increase in the per cent of cells remaining 
attached to a glass surface after Smin of shaking, when 
compared to untreated cells (Table 1). After cells have been 
allowed to settle and attach, differences in adhesion between 
dexamethasone-treated and untreated cells are evident. In the 
presence of dexamethasone there are fewer loosely adherent 
cells initially, and those which remain after settling are more 
adherent than those in the untreated cell population. In the 
conditions’ of the assay, maximal detachment occurs within 
2-5 min. We find that dexamethasone also induces adhesion in 
variant HTC cells which are resistant to the dexamethasone 
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inhibition of plasminogen activator (Table 1). Although variant 
C cells are less adhesive than the wild-type HTC cells, there is a 
twofold increase in the adhesion of dexamethasone-treated cells 
incubated in the presence of serum. Two other HTC cell vari- 
ants, А and B, which are also fully resstant to the 
dexamethasone inhibition of plasminogen activator, have 
similar dexamethasone-induced adhesion (data not shown). 
These results suggest that the mechanism by which 
dexamethasone increases cell-substrate adhesion does not 
depend on the inhibition of plasminogen activator. 

When incubated in serum-free medium, wild-type HTC cells 
again show a twofold increase in adhesion in the presence of 
dexamethasone (Table 1). Variant C cells are less adhesive than 
the wild-type HTC cells in these conditions as well, but also 
show a twofold increase in adhesion when incubated in the 
presence of dexamethasone (Table 1). Likewise, variants A and 
B consistently exhibit dexamethasone-induced adhesion in the 
absence of serum. In both wild-type and variant HTC cells, the 
induction of adhesion by dexamethasone occurs to a similar 
extent in the presence and absence of serum. 

We have also directly tested the effects of plasminogen, the 
substrate for plasminogen activator, on the dexamethasone 
induction of adhesion in wild-type and variant HTC cells in 
serum-free conditions. If the formation of plasmin from plas- 
minogen prevents the accumulation of cell surface proteins 
required for adhesion, then the addition of plasminogen to 
serum-free medium should decrease or prevent dexamethasone 
induction of adhesion in the variant cell lines. Instead, we find 
that dexamethasone induces increased levels of adhesion in both 
wild-type and variant cells which have been incubated for 18 hin 


Tabie 1 Dexamethasone mduchon of adhesion in HTC cells 





Per cent cells attached 


0 2mm 5 min 
+ Serum (n) 
Dexamethasone 6543 5843 52+6 
Wid type (4) Соло] 3624 25+3 2544 
Dexamethasone 3723 30+5 2342 
VanantC(4) — Control 2243 1121 1021 
—Serum (n) 
Dexamethasone 79+1 72+2 67+3 
Wild type (9) Control 6045 3824 3124 
Dexamethasone 65+5 5446 46+6 
Variant C (4) Control 47x10 2346 2044 


Wild-type or varrant HTC cells were collected from spmner culture during the 
Fee ET a in medinm соне з 
fetal calf serum, 0.1 pCı ml, "H-«mino acid mixture (NEN) and 50 pg m 
пеостусіп, m the presence or absence of 0.1 pM dexamethasone (Merck) After an 
18-h mcubatson at 37 °C in a gyrotory shaker-waterbath at 80 r.p.m., the celis were 
centrifuged, and the cell pelet twice in nonradioectrvo medium and 
resuspended to a final density of 1 cells mI! m noaradioective medium. Cell 
viability, аз measured by trypan bluo excipsion, was always greater than 90%. 
One-ml aliquots of the cell suspension were distributed into untreated borosihcate 
Пам scintillation vials and incubated without shaking for 2 h at 37 °C. At the end of 
the incubatron period, tbe cells completely covered the surface of the vial with little 
or по piling up of coils The medium wes removed and I ml calcium- and 
magneeium-free phosphate-buffered sabne (PBS), pH 7.3, added carefully down 
the side of each vial The vials were then subjected to а shearing force of 100 
strokes пип m a Dubnoff reciprocating shaker-waterbath (5-cm stroke) at 37 *C 
At 0,2 and 5-mun exposure to this reciprocating force, duplicate vials were 
removed and the PBS aspirated Cells adhering to the glass santillation vials wore 


cells were removed from the surface of vials by trypsin following the 5-mm shakmg 
period. These cells were viable by the criterton of trypan bine exclumon and the cell 
counts correlated with direct measurements of radioactivity in each vial. Radioac- 
tivity of the initial coll moculum was determined from 1-ml aliquots of the cell 
sospenmon which were centrifuged, the cell pellets lysed in 0 1 mi 1 M KOH and 
the lysate neutralised m 0 1 mi 1 M HCL The per cont.of initial labelled cell 
Inoculum remaming after shaking (average of duphcate vials) has been used as a 


experiments, In experiments carried oat m serum-free 
medium (supplomented with 0.1% BSA), the assay was modified to mciude a 1-h 
incubation penod for cell attachment and а recrprocating force of 140 strokes 
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medium containing plasminogen (data not shown). This also 
suggests that plasminogen-activator activity does not modulate 
the adhesive response to dexamethasone. 

In conditions in which plasminogen is the only serum factor 
missing, wild-type cells exhibit a twofold increase in adhesion in 
the presence of dexamethasone (Fig. 1). When cells are 
incubated for 18 h in medium containing depleted serum which 
has been reconstituted with plasminogen, a similar, although 
somewhat greater, increase in adhesion is measured in 
dexamethasone-treated cells. In the absence of dexamethasone, 
cell adhesion is the same whether the medium contains plas- 
minogen-depleted or reconstituted serum. These results also 
suggest that plasminogen-activator production does not have a 
major role in cell-substrate adhesion. 

Note that the optimal assay conditions differ in the presence 
and absence of serum. When serum is present, cell-substrate 
adhesion may depend on interactions between the cell surface 
and serum proteins which are adsorbed to the glass!?. This might 
be relevant to our observation that HTC cells incubated in 
serum-containing medium require a longer time to form stable 
adhesive bonds to a substrate than do cells in serum-free 
medium containing bovine serum albumin (BSA). It has been 
proposed that cell surface proteases on BHK cells modify 
substrate-adsorbed proteins during the process of cell 
adhesion’. Although other cell surface proteases may be 
involved in cell-substrate adhesion, the nearly identical 
adhesiveness of untreated HTC cells in fetal calf serum, plas- 
minogen-depleted serum and reconstituted serum provides 
additional evidence which tends to rule out any important role 
for plasminogen activator or plasmin in this process. 

Recently, a class of dexamethasone-induced proteins, tenta- 
tively described as sialogylcoprotein on the basis of electro- 
phoretic properties in a two-dimensional gel system, has been 
localised on the surface of HTC cells". It is possible that such 
proteins could -confer increased adhesive properties on 
hormone-treated cells. Our data suggest that dexamethasone 
regulation of cell adhesion in HTC cells probably operates 
primarily through the synthesis of surface glycoproteins and that 
this process is not, in turn, regulated by the inhibition of: 
plasminogen-activator activity. 

We acknowledge the preliminary studies on HTC cell 
adhesion carried out in this laboratory by Ms Lana Seguin. This ` 
work was supported by NIH grants GM 15419 and CA 22729. 
T.D.G. is a recipient of a Faculty Research Award from the 
American Cancer Society. S.C.S. was supported by NIH pre- 
doctoral training grant GM 00071. | 
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Glucocorticoids regulate the 
concentration of 
1,25-dihydroxycholecalciferol 
receptors in. bone 


THE results of a study of high-affinity glucocorticoid and 1,25- 
dihydroxycholecalciferol (1,225(OH)4D,)' binding in cytosol 
from fetal rat calvaria cultured for up to 48h at 37°C are 
presented. The binding of glucocorticoids was found to be stable 
in short-term culture, whereas that for 1,25(OH);D, declined 
rapidly, was almost undetectable at 24 h and had disappeared by 
48h. Furthermore, low concentrations of cortisol (107° to 
1075 M) added to the culture medium had a dramatic effect on 
the persistence of high affinity 1,25(OH);D, binding. In the 
presence of cortisol there was dose-dependent preservation of 
most of the binding of 1,25(OH);D, in the cytosol. 1,225(OH);D, 
is a potent agent in inducing bone resorption in ойго and these 
data suggest that glucocorticoids may exert part of their effects 
on calcium metabolism and bone in vivo by directly regulating 
the turnover of cytosol 1,25(OH);D, receptors in опе or more 
types of bone cell. 

We recently developed a simple method for the detection of 
high-affinity glucocorticoid binding (Kp 25x10 ? moll!) in 
fetal rat calvaria cytosol! and, by'applying а similar method we 
also detected binding of similar affinity (Kp ~ 2.3 x 107° mol 17’) 
for 1,25(OH)D, (ref. 2). Glucocorticoid receptors had been 
previously demonstrated in bone cells by Feldman et а/°, and 
1,25(OH);D, receptors in bone calvaria cytosol іп a preliminary 
report by Kream.et al.*. In the latter study bone cytosol recep- 
tors for 1,25(ОН) О, were shown by sucrose density gradient 
centrifugation to have sedimentation characteristics (3.55) 
similar to the better-defined 1,25(OH).D; receptors of 
intestine. We have confirmed this finding (data not shown). In 
our method, in contrast to others, the equilibrium was set up first 
in the intact calvaria at 4°C and then the cytosol prepared by 
sonication and ultracentrifugation, and bound separated from 
free steroid with dextran-charcoal. The advantages of this 
method are its simplicity, elimination of the risk of degradation 
of receptors and loss of cells during collagenase digestion, and 
the establishment of binding to intracellular receptors at their 
physiological concentrations. Р 

The bound: ее ratio in the cytosol using tracer-labelled 
glucocorticoid or 1,25(OH)4D, (107° mol 1") is as high as 60% 
displacing down to 5-1096 with 100-fold excess of unlabelled 
steroid. Cross-competition experiments with up to 1,000-fold 
excess competing steroid showed that the glucocorticoid and 
1,25(OH);D, receptors are quite distinct from one another. 

Although only a rough assessment of Kp or binding-site 
concentration is possible by this method, it is highly reproduc- 
ible both for glucocorticoids and 1,25(OH}Ds, and we have 
found the binding characteristics to be similar to those obtained 
in cytosol prepared by the methods of Feldman et al? for 
glucocorticoids and Kream et al.* for 1,25(OH)2Ds respectively. 
The reproducibility is due in part to the very slow rate of 
dissociation of glucocorticoids and 1,25(OH);D, from their 
respective receptors as a consequence of dilution after cell 
disruption, which seems not to be significant over the 1—4 h 
elapsing between sonication of calvaria and the final charcoal 
separation step. This simple method is suitable for semi-quan- 
titative study of changes in Буе receptor content during 
culture of intact bone. 

A marked difference was СИНИЕ between the stability in 
short-term organ culture of the rat calvaria cytosol receptors for 
glucocorticoids, and 1,25(OH);D, (Fig. 1). High-affinity gluco- 
corticoid binding persisted for 24 h unchanged, while that for 
1,25(OHAD, diminished progressively after 2 h in culture and 
was minimal by 24 h. This marked difference suggested to us 
that 1,25(OH);D, cytosol receptor content is being actively 
maintained by some agent or agents n ойо that are miming from 
the culture medium. è 
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Oestradiol or testosterone (each at 107% M) had no effect on 
the rate of disappearance of 1,25(OHAD, binding. These 
steroids lack specific cytosol receptors’ in rat calvaria.. 
However, a marked and dose-dependent effect of the glucocor- 
ticoid cortisol was demonstrated over the range 10 to 10% M 
(Fig. 2). There was no consistent effect at 2 h, but a dramatic 
preservation of 1,25(OH),D; binding at 6, 24 and 48h. After 
culture for 48 h in the absence of cortisol there was no residual: 
high-affinity 1,25(OH);D,. binding, while in the presence of 
cortisol (107 * M) binding was preserved at the level seen after 
24 h of culture with cortisol. When calvaria were cultured for the 
first 24 h without steroid, and cortisol (107° M) subsequently 
added and culture continued for a second 24 h, binding of 
1,25(OH)D, was not restored but showed no further fall over 
the second 24 h. 

When other glucocorticoids were tested in this system 
at 107M for 24h, they all significantly preserved bind- 
ing of 1,25(0HhD,. Their relative efficacies in preserving 
1,25(ОН),р, were closely related to their relative potencies as 
glucocorticoids and affinities for the glucocorticoid receptors 
(triamcinolone acetonide > dexamethasone > cortisol > cortico- 
sterone > progesterone). 

These findings strongly suggest that glucocorticoids are 
important for maintaining the content of cytosol receptors for 
1,25(OH)D; in bone, and favour an inhibition of degradation 
of existing 1,25(OH)4D, receptors, rather than the induction of 
synthesis of new receptors. Our present data do not define the 
mechanism, but suggest that it is mediated by binding of the 
glucocorticoid to its receptor. It is of potential physiological 
importance since it occurs at physiological concentrations of 
glucocorticoids. 

The effects of glucocorticoids on bone are of clinical 
significance, being involved in the rapid and severe bone loss 
seen in Cushing's syndrome and in patients on steroid therapy. 
In the presence of excess glucocorticoids, intestinal calcium 
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Fig. 1 Comperison of persistence of fetal rat calvaria glucocorti- 
coid (b) and 1,25(OH)D. receptors (a) їп short-term organ 
culture at 37°C. Cells were cultured on stainless steel grids, two 
half calvaria per grid, in sterile plastic Petri dishes with 0.3 ml 
culture medium under and in contact with each grid, in an atmos- 
phere of 5% CO; in air at 37 °C. Culture medium was medium 199 
(Flow Labs) with 1.2% NaHCO;, 40 ug ml! gentamicin, 1 mM 
glutamine, 0.15 mg mI! ascorbic acid and 5% heat-inactivated 
rabbit serum (fluorometry revealed up to 1.45x 10 * M corti- 
costerone in medium). АП calvaria were kept at 4 °C except during 
the period of culture. (0, 1, 2, 4, 6 or 24 h). After culture they were 
washed and again left in fresh culture medium at 4 °C. On complet- 
ing this.for the last set of calvaria, they were washed this time in 
incubation medium and incubated overnight in lots of four half- 
calvaria #1 4°C in 0.5 ml of this-solution containing 1x10 * M 
?H-labelled, with or without 100-fold excess unlabelled steroid. 
For detecting the glucocorticoid receptor 1,22,4(N)  H]Ttri- 
amcinolone acetonide (Radiochemical Centre, Amersham, TRK 
485, specific activity 29 Ci mmol A шше as adios ысы 
rs high affinity, and for the 1,25(OH)4D, receptor 23,24(N) 
[(°H]1,25(OH)2Ds (94 Ci mmol Amersham TRK 588) was used in 
place of the lower specific activity compound used in our earlier 
studies”. After overnight incubation, calvaria were washed 
sonicated, and the sonicate ultracentrifuged (100,000g for 30 mun) 
bound and free separated with charcoal, and bound and total 
radioactivity counted'?. Mean and range of observations of 
bound: free ratio from three separate experiments are indicated 
(six observations, each the mean of duplicates per time-point, for 
both steroids). The first data points are for controls at 4 °С. 
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Fig.2 Representative experiment showing the effect of induding 
cortisol in the incubation medium on the persistence of 
1,25(0HhD, receptors in fetal rat calvaria. Each point is the mean 
of ‘duplicate observations in cytosol from four half-calvaria. 
Incubations with 100-fold excess 1,25(0Н), О; indicate 
nonspecific binding which remained unchanged. In the absence of 
added cortisol (8) there was loss of high affinity 
binding to very low levels at 24 h. О, V and Cl indicate results in the 

presence of 107° M, 1077 M and 10 М cortisol respectively. 


absorptión? and bone formation are reduced and bone resorp- 
tion increased’. Numerous studies both in vivo and in vitro, in 
animals and man however have not full elucidated the 
mechanism of these effects* "7, although recent studies indicate 
that oné action of glucocorticoids in birds’? and possibly in 
mammals’ is to stimulate renal 1a-hydroxylase activity. Our 
data indicate for the first time that glucocorticoids may influence 
the stability of cytosol 1,25(OH);D, receptors in bone. From 
these experiments we cannot tell if this effect is specific to one 
population of bone cells or a general one affecting both osteo- 
blasts and osteoclasts. There is evidence that both types of cell 
respond to 1,25(OH);D, at concentrations of 107? M (ref. 15). 
An augmentation of 1,25(OH)D, receptors in osteoclasts 
which would result from retarding their degradation might 
enhance bone resorption, since this metabolite of vitamin D is 
among the most potent bone-resorbing agents known". 

Our studies indicate the need for a thorough examination of 
the effects of glucocorticoids оп 1,25(OH);D, and other recep- 
tors in cytosol and nuclei in isolated bone cell populations and in 
intestinal cells. 

We thank the North West Regional Health Authority and the 
MRC for their support, Mrs C. M. Case for technical assistance 
and Dr C. M. Taylor and Professor S. W. Stanbury for help and 
advice. 
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Is the benzodiazepine receptor 
coupled to a chloride anion channel? 


HIGH affinity saturable binding sites for benzodiazepines (BZs) 
in mammalian brain have been described’. These sites show 
stercospecificity, organ and subcellular distribution, and struc- 
ture-activity relationships reminiscent of other synaptic 
membrane receptors which have been characterised by ligand 
binding””. The BZ receptor is so highly selective that no known 
putative neurotransmitters interact with it, thus raising the 
possibility that the brain contains another unidentified endo- 
genous ligand**. Recently, Tallman et al. have reported that 
y-aminobutyric acid (GABA) specifically enhances the binding 
of ?H-diazepam to rat brain membranes. Considerable bio- 
chemical and neurophysiological evidence suggests that GABA 
may be intimately involved in the mechanism of action of 
BZs’**'*, [n several neurotransmitter systems, ions seem to 
have specific effects on the binding of synaptic receptor ligands, 
presumably because of the intimate association of the receptor 
with an ion channel. For example, binding of opiate agonists and 
antagonists is differentially affected by sodium ion’’, and Na* 
conductance is altered by opiate agonists'*, Similarly, specific 
effects of anions on the receptors for strychnine’? and САВА!“ 
are correlated with observations that the neurophysiological 
action of these tors is dependent on alterations in chloride 
ion conductance'"5. We now report the specific effect of 
chloride and other anions in enhancing BZ binding to its recep- 
tor. We infer that the BZ receptor (recognition site) may be 
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Fig. 1 Effect of various anions on *H-diazepam binding. Male 
rats (200-250 g) were decapitated. Cerebral cortices were washed 
quickly in ice-cold Tru-maleate buffer (50 mM, pH 7.6 at 0°C), 
homogenised in 100 vol of the same buffer (w/v) using a Brink- 
mann Polytron for 20 s and centrifuged at 20,000 g for 20 min at 
7°C (J-21 Beckman centrifuge). Pellets were resuspended by 
Polytron in 100 vol of buffer. Radioreceptor assay incubations 
contained 0.5 1 of membranes, 0.3 пм -diazepam 
(—80 Ci mmol"!, NEN), 0.1 ml of the sdded salt solution (or 
distilled water 2s control) and buffer in a total volume of 1 ml. After 
incubation for 30-45 min at 0°C, tubes were rapidly filtered 
through glass fibre filters (GF/B, Whatman) ın vacuo Filters were 
washed twice with 5 ml of cold buffer, dried, extracted with 10 mi 
Адпазо1 (23 °С for 10 min with vigorous shaking) and counted in а 
Beckman scintillation counter with 40% efficiency The pH of the 
incubation medium was unperturbed by any of the ionic additions. 
Anions were all added as ammonium salts, except for succinate and 
nitrite which were sodium salts. Nonspecific binding measured in 
the presence of 1 uM unlabelled diazepam was unaffected by the 
vons, even at the highest concentrations, and was 7.5 +2% of the 
maximal binding Esch point indicates the mean of three deter- 
minations. Tríplicate control tubes were placed at the beginning 
and end of each dose-response curve to detect any instability. For 
clarity, data for representative inactive anions have been plotted 
(compare with Table 1). All inactive anions produced either no 
significant effect on "H-diarepam binding or, more often, a small 
(<20%) inhibition of binding. 
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Table 1 Effects of anions on "H-diazepam binding: correlation with 


effects on permeability 





Enhancement Permeability 


Ер. 
of binding ^ (Eccles?) 


(mM) 


2.8 160 

9.0 175-180 
13.0 . 142 
20.0 148 
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There were no significant effects of choice of anion, for example, Ма”, 
K*, NH,", in the case of bromide or iodide. 
* Ех, Maximal binding relative to control. 


closely associated with a chloride ion channel which is also 
closely linked to the GABA-recognition site.’ 

A crude membrane preparation from rat brain, obtained and 
incubated in an organic buffer (Tris-maleate), was assayed for 
*H-diazepam binding in the presence of increasing concen- 
trations of some anions; a dose-dependent enhancement of 
specific binding was demonstrated (Fig. 1). Of 18 anions tested, 
only five proved to be clearly active—iodide, bromide, chloride, 
thiocyanate and nitrite. Inactive anions included organic, 
monovalent (formate, acetate, lactate, propionate) and divalent 
(oxalate, succinate, maleate), as well as inorganic, monovalent 
(fluoride, azide, chlorate) and divalent (sulphate). Perchlorate 
was active only at 25 mM. Since the dose-response curve for 
each of these anions differs both in regard to EDs and maximal 
effect, it is difficult to assess a single sequence of potency. In 
terms of ED, iodide is the most active (2.8 mM). The maximal 
effect was observed with 50 mM bromide, which increases the 
specific binding 7096 over the control. For these two anions, 
significant enhancement of binding was observed with concen- 
trations as low as 1 mM. Further increase in concentration of 
active ions resulted in a decrease of the binding, perhaps due to 
nonspecific effects, consistent with the observation that most of 
the inactive anions tested were also slightly inhibitory at higher 
concentrations. The observations were independent of the 
cation—4odium, potassium and ammonium salts of bromide 
showed no statistically significant differences in their effective- 
ness. The effect of anions was to alter specific binding; there 
were no changes in nonspecific binding values for any anion 
tested, even at massive concentrations. 

The magnitude of the anion effect is strongly dependent on 
temperature, being maximal at 0 °С and completely abolished at 
37 °С. To characterise the anion-dependent increase of binding 
further, dose-response curves of the inhibition of *H-diazepam 
binding by increasing concentrations of unlabelled ligand in the 
presence or absence of iodide (25 mM) were obtained, and these 
data used to construct a Scatchard plot (Fig. 2). The enhanced 
binding was due to an increase in the affinity constant, while the 
number of binding sites was unchanged. Pooling data from three 
experiments, we: obtained a mean Ky value of 3.57 
(+0.3 s.e.m.) x 107? M in the absence of ion, which decreased to 
2.4 (£0.13)x 107 M in the presence of 25 mM iodide. The 
mean binding capacity was 54 (+9.7) fmol mg" (original 
weight) for the control and 60 (+10.5) fmol mg with added 


iodide. This latter difference was not statistically significant. The 
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change in the apparent equilibrium constant is attributable to a 
change in the dissociation rate constant without alterations in 
the association rate constant: the г. for dissociation is 3.5 min 
(0.52) for the control and 6.2 (+0.91) in the presence of 25 mM 
iodide (Fig. 2, inset). Association curves with or without 
ionic additions showed no appreciable difference in the asso- 
ciation rate constant, but only in the plateau value due to the 
change in K. 

The selectivity of the effective anions on binding is in excellent 
agreement with their selectivity for penetrating the activated 
inhibitory postsynaptic membrane of cat motoneurones 
measured electrophysiologically!" (Table 1). Every anion which 
increased diazepam binding has been reported to convert the 
inhibitory postsynaptic potential into the depolarising direction. 
Of particular note is the complete inactivity of fluoride, both in 
the binding assay and the electrophysiological studies, in spite of 
the high potency of the other halides. Chlorate, azide and 
formate, however, failed to enhance "H-diazepam binding, but 
seem to pass through the chloride channel". A weak anion 
effect might easily be masked by the nonspecific inhibitory effect 
(due to increased 10nic strength) that we observed with all the 
anions tested (at high concentrations for the active ion and at 
lower concentrations for the inactive ions). For example, per- 
chlorate showed an enhancement of binding at only one 
concentration (25 mM). Alternative explanations for the anion 
effect which invoke nonspecific effects (ionic strength, chao- 
tropic effect or effects on water structure in the vicinity of the 
membrane) are relatively unlikely. Chlorate, for instance, is a 
strong chaotropic agent" but is inactive in this system. 

The failure to find enhancement of *H-diazepam binding by 
anions has been reported”, but those authors used Tris-HCl 
buffer, which obscures the effect. 

The temperature dependence of the effect? which is 
reminiscent of the sodium effect on opiate binding”', the change 
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Fig.2 Scatchard analysis of *H-diarepam binding in the presence 
(@) or absence (O) of 25 mM МНА. Assay conditions as described 
for Fig, 1 with a fixed amount of *H-diazepam (0.15 nM) and 
varying concentrations of unlabelled ligand. Data from three 
expenments were analysed with a weighted, nonlinear, least 
squares, curve-fitting program (SCATFIT)?”*. Binding 
parameters were compared within experiments using a paired , 
analysis. In all three experiments, a major change in affinity wes 
detected, whereas the binding capacity was not significantly 
affected. The equilibrium constant of association (К) was increased 
by a factor of 1 39 (+0.04) (P<0.01), and the ratio of binding 
capacities was 1.12 (+0.09). Inset shows the dissociation curves in 
the presence (О) and absence () of 25 mM МН. The ratio of the 
corresponding fı values (1 77) is sufficient to explain the 
difference in the equilibrium constants without a change in the 
association rate constant. 
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in affinity due to a change in the dissociation rate constant, and 
the apparent specificity of the anions involved, all suggest that 
ions modulate the affinity of the BZ receptor through an allo- 
steric-induced change of conformation. Recent experiments in 
our laboratory” have demonstrated that the GABA-induced 
increase in diazepam binding can be increased markedly and 
synergistically by including halides in the incubation medium. 
Since neurophysiological^7* and binding studies?! already 
indicate an association of GABA receptor to chloride ion 
channels, the present data further support the concept that 
GABA and di receptors are closely associated and may 
be jointly coupled to a chloride ion conductance mechanism, at 
least in some regions of the brain. 

An interesting speculation about the nature of the endo- 
genous ligand for the diazepam receptor may be made on the 
basis of analogy with the effects of ions on the opiate, GABA, 
and a-adrenergic receptors”. In these three systems, antagonist 
binding is unaffected or enhanced by the ion related to the 
conductance mechanism, whereas agonist binding is inhibited by 
the same ion. If this were to represent a general phenomenon, it 
could be predicted that the endogenous ligand for the ‘Valium’ 
receptor would be an ‘agonist’, while BZs themselves are 
antagonist compounds; in other words, the endogenous ligand 
should be an ‘anxiety factor’. 
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Transplacental effects of 

* 
chemical mutagens 


detected by the micronucleus test : 


EXPOSURE to chromosome-damaging chemicals during 
prenatal development is particularly hazardous, since stem-cells 
needed to support tissue maintenance throughout life may then 
be at risk. Lesions in fetal cells lead to cancer in early life, and in 
germ-cell lineages, contribute to increased inherited abnor- 
malities. Chemicals can be screened for chromosome-breaking 
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potential in vivo by the micronucleus test’ which measures 
frequencies of acentric chromosome fragments’, Micronuclei 
are usually scored in polychromatic erythrocytes from adult 
rodent bone-marrow. This short-term test is claimed to be as 
reliable as the more laborious analysis of metaphase 
chromosomes for chemically-induced visible aberrations””. The 
reactive forms of chromosome-damaging chemicals are often 
metabolites formed within tissues of exposed individuals. Short- 
term methods to determine genome-damaging potential must 
incorporate realistic activating systems if derived risk-estimates 
are to be meaningful. Although fetal organs contain enzymes 
which activate mutagenic/carcinogenic chemicals, the micro- 
nucleus test has not previously been applied to transplacental 
exposure. Adult bone marrow has limited activation capacity 
and short lived mutagens/carcinogens formed in other tissues 
may not survive in the circulation, so false-negative results can 
be obtained. Late in gestation, blood cells develop in the 
fetal liver, alongside hepatocytes which metabolise pre- 
mutagens/carcinogens to active forms. We show here that 
transplacental exposure to chemicals which require metabolic 
acfivation can, cause chromosome breakage, indicated by 
micronucleus formation, in mouse fetal tissue. The dose depen- 
dence of this intrauterine genetic damage can be measured, thus 
providing a method for quantitative assessment of risks inherent 
in prenatal exposure to certain classes of carcinogenic and 
mutagenic chemicals. 

. The kinetic model presented in Fig. 1 (data from refs 6—9) 
predicts that transplacental and maternal effects of 
chromosome-damaging agents could be compared by measuring 
the incidence of polychromatic erythrocytes containing micro- 
nuclei in fetal liver 12-18 h after the effective exposure to the 
test agent, and in both maternal bone marrow and fetal blood 
30 h after the effective exposure. The essential parameters on 
which this prediction is based are as follows. Optimal expression 
of chromatid and chromosomal damage occurs if the toxic agent 


Transit time 


Generations 


18h post treatment collection 


24h post treatment collection 


30h post treatment Collection 


-807-70 -60 -50 -40 -30 -20 -10 0 

Time from formation of scorable cell stage (h) 
Fig. 1 Kinetic bass for optimal ‘expression time’ of chromosome 
lesions giving rise to micronuclei in polychromatic erythrocytes of 
maternal bone marrow, and fetal liver and peripheral blood, after 
treatment with chemical mutagens/carcinogens (Pro (P), pro- 
erythroblast; Beso (B), basophilic; Poly (PC), polychromatic; O, 
orthochromatic erythroblasts; MPE, LPE and BPE bone marrow, 
fetal liver and fetal blood polychromatic erythrocytes, respec- 
tively). The dotted line indicating the cell generation within the 
polychromatic erythroblast class ıs to show that some of these cells 

will be post-mitotic. 


*10 «20 
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reaches effective concentrations during the penultimate cell 
division cycle of erythroblast maturation. Adult bone-marrow 
erythroblasts undergo six to seven divisions, the last two occu- 
pying abot 20 h. The post-mitotic cells develop for 10 h until 
nuclear extrusion is completed and the resulting polychromatic 
erythrocyte remains in the bone marrow for about 10 h. Fetal 
liver erythroblasts (after the 16th day of gestation) undergo four 
divisions, the last two ing about 12 h. The post-mitotic 
cells develop for about 5 h until nuclear extrusion is completed, 
and the polychromatic erythrocyte remains in the fetal liver for 
about 5 h. Once in the fetal circulation it persists in its early 
form, with homogeneously distributed cytoplasmic RNA, which 
gives characteristic staining properties, for about 15 h. 

If each target cell received damage leading to formation of a 
single micronucleus, the maximum incidence of polychromatic 
erythrocytes containing micronuclei in fetal liver and bone 
marrow would be ~25%. However, this maximum may not be 
expressed, as doses causing this degree of damage would be 
likely to cause other cellular lesions, and interfere with erythroid 
maturation. 

As the daily output of early erythrocytes from the liver is 
about 6096 of the number already in the fetal circulation, the 
frequency of micronucleated early polychromatic erythrocytes 
in the blood will be about 6096 of the peak in the fetal liver. 

These predictions were tested by exposing 15-16-d pregnant 
Swise-albino mice to 2 mg per kg mitomycin-C. This substance, 
produced by the soil microorganism Streptomyces caespttosus, is 
biologically inactive in its natural state but is converted to mono- 
and bifunctional alkylating agents in vivo after reduction to 


hydroquinone derivatives by NADPH-dependent quinone | 


reductase. The chromosome-damaging potential of mitomycin- 
C has been established in a variety of plant and animal systems 
and the agent has been used in the treatment of advanced 
cancers. The data in Fig. 2 indicate that the predictions of our 
model are substantially fulfilled. The dose of 2mg per kg 
intraperitoneally (i.p.) (~40% of the intravenous LD so) induces 
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Fig. 2 Time course of incidence of polychromatic erythrocytes 
(PCEs) containing micronuclei in maternal bone marrow (@), fetal 
liver (О) and fetal blood (C) after a single ір. administration of 
2 mg per kg mitomycin-C. Data from two experiments. Total of at 
least four pregnant animals and two fetuses per litter examined for 
each point. Single cell suspensions of fetal liver and adult femoral 
bone marrow were prepared in freshly filtered (0.22 um pore атте) 
Hank’s balanced salt solution +5% fetal calf serum, by repeated 
pipetting. Slides were prepared on a ‘Cytospin’ (Shandon) (4 x 10 
nucleated cells in 0.2 ml per slide). Blood films were prepared 
directly from dissected fetuses. Slides were air dried, fixed in 
absolute methanol, and stained: May Grunwald (Merck) 0 25% in 
methanol 3 mm, May Grunwald as above diluted 1:1 with Soren- 
son buffer, pH 6.8, 2 min; Giemsa (Merck) 14%.v/v in Sorenson 
buffer, pH 6.7, 10 min. Stained slides were rinsed briefly in buffer 
followed by distilled water (total 30s for bone marrow, 45 s for 
fetal liver and blood). All solutions were filtered through Whatman 
GFC immediately before use. This protocol maximises the dis- 
tinction between polychromatic erythrocytes (blue cytoplasm) and 
mature erythrocytes (yellow-orange cytoplasm) and stains micro- 
nuclei red-purple. Air-dried slides were mounted in DePex. А 
minimum of 1,000 polychromatic erythrocytes were evaluated per 
slide with a 100x objective. 
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Fig.3 Dose responses to procarbazine. Fetal liver (O), fetal blood 
(Г) and maternal bone marrow (8) were examined for frequency 
of pol erythrocytes (PCEs) containing micronuclei 12, 
18, 24, 30 and 36 h after 10, 30 or 100 mg per kg procarbazine had 
been administered by single i.p. injection. At least three pregnant 
animals and two fetuses from each of the three litters were 
examined per point Data plotted from time giving maximum 
incadence for each dose and пиё е and expressed as mean + ве. 


approximately twice -the frequency of micronucleated eryth- 
rocytes in the adult bone marrow as in the fetal liver. The 
spontaneous incidence of micronucleated erythrocytes was 
0.16+0.03% in adult bone marrow, 0.40+0.08% in the fetal 
liver, and 0.24 + 0.0996 ın the fetal blood. 

, Similar tests were carried out with procarbazine hydro- 
chloride, another -anti-neoplastic drug, using single ip. 
injections of 100 mg per kg (40% of LD,,), 30 mg per kg and 
10 mg per kg. This agent is enzymatically converted to biologic- 
ally active formaldehyde, methyldiazene and methyl radicals, 
through azo procarbazine. Activity of the three available routes 
(N' hydroxylation, №! demethylation or №? hydroxylation) may 
vary between tissues. Although clearly mutagenic to mam- 
malian cells in vivo, mutagenicity of procarbazine cannot be 
reliably detected by Salmonella or Saccharomyces systems'*'?, 
Figure 3 shows that dose-response curves can be constructed 
from all three tissues examined. Fetal liver is more damaged by 
procarbazine than adult bone marrow. 

These preliminary experiments establish the usefulness of the 
erythrocyte micronucleus test applied to prenatal mice. The 
frequency of spontaneous micronucleus formation in the fetal 
liver is low, and preparations of fetal liver and fetal blood cells 
for microscopic observation are simply made and scored. We are 
extending this analysis to a wider range of environmentally 
significant mutagens and carcinogens, including those which 
have given negative results in the standard adult erythrocyte 
micronucleus test. 

This work was supported under contract 182-77-1 ENV UK 
by the Environmental Research Programme of the European 
Communities and by the MRC. 
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Reduction of benzo(a )pyrene 


mutagenicity by 
dihydrodiol dehydrogenase 


THE enigma of how inert chemicals can exert potent mutagenic, 
carcinogenic, allergenic and cytotoxic effects has been much 
debated. It has been learned that such compounds are metabol- 
ically converted to chemically reactive species’. In the case of 
aromatic or olefinic compounds, monooxygenases located in the 
membranes of the cell can transform these compounds into 
epoxides? * which by virtue of electrophilic reactivity can bind 
chemically to cellular macromolecules such as DNA, RNA and 
proteins, thereby disturbing biochemical control mechanisms 
and leading to the above mentioned toxic effects. The same 
membranes in which such epoxides are produced possess an 
enzyme, xide hydratase, which is capable of inactivating 
epoxi . However, with polycyclic hydrocarbons the situa- 
tion is more complicated. If the epoxide groupe are located on a 
benzo ring opposite a bay region, the resulting dihydrodiols are 
precursors of even more reactive dihydrodiol epoxides which 
readily bind to DNA‘, are often strongly mutagenic’ !° and may 
be mainly responsible ‘for carcinogenic effects of some polycyclic 
һудгосагропя!!. Because, with the environmental carcinogen 
benzo(a)pyrene, epoxide hyd tase was unable to inactivate 
these dihydrodiol epoxides!*”, we have investigated the ability 
of a dihydrodiol dehydrogenase ^15 to sequester the precursor 
dihydrodiols and thereby afford protection. To this end we have 
used bacterial mutagenesis" as the biological endpoint to 
investigate the metabolic activation of benzo(a)pyrene by 
microsomal monooxygenase. Unfortunately, the dihydrodiol 
dehydrogenase requires the same pyridine nucleotide cofactor 
ag the monooxygenases, so that simple removal or addition of 
cofactors could not be used to study the role of this enzyme. 
Therefore purification of the enzyme was necessary. We show 
here that in metabolic situations where epoxide hydratase 
cannot protect against benzo(a)pyrene metabolite-evoked 
mutagenicity, pure dihydrodiol dehydrogenase reduces it. This 
demonstrates another factor which could contribute to 
differences in susceptibility to polycyclic hydrocarbon-mediated 
toxicity between various animal species, strains, sexes, organs 
and developmental stages, and to differences in potency of 
polycyclic compounds. This enzyme also provides an additional 
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Fig. 1 Effect of dihydrodiol dehydrogenase on the mutagenicity 
of benzo(a)pyrene activated by liver microsomes from control (O) 
or 3-methylcholanthrene-treated (@) mice. Benzo(a)pyrene (5 ug, 
dissolved in 10 н] dimethylsulphoxide), 500 ul of а microsomal 
metabolising system (1 mg liver microsomal protein from adult 
male C3H mice, 2mM МАРР“, 2mM NADPH, 8 mM MgCl, 
80 mM KCI, 50 mM Na phosphate, pH 7.4) 100 ш Ais” bacteria 
(1.7 x 10* S. typhimurium TA 98), various amounts of pure dihy- 
drodiol dehydrogenase (in 100 pl 150 mM КС) and 2,000 pl 
histuline-poor top agar (0.5596 agar, 0.55% NaCi, 50 uM histi- 
dine, 50 pM biotin, 25 mM Na phosphate, pH 7.4, 45 °С) were 
mixed in a test tube and poured onto a minimal agar plate. After 
incubation for 3d in the dark, colonies (As* revertants) were 
counted. Values are means + s.c.m. of 3-10 parallel incubations. 
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tool for studying the molecular mechanisms of chemical 
carcinogenesis. 

Dihydrodiol dehydrogenase activity was measured by follow- 
ing the production of NADPH spectrophotometrically at 
340 nm. The incubation, which was carried out at 37 °C, consis- 
ted of sans-1,2-dihydroxy-1,2-dihydrobenzene (1.8 mM), 
NADP+ (2.2 mM), glycine buffer (50 mM, pH9.0) and the 
enzyme sample. One unit of enzyme activity was defined as the 
amount of enzyme which produced 1 umol NADPH per min in 
these conditions. The 100,000g supernatant of liver homo- 
genate of adult male Sprague-Dawley rats contained about 0.01 
units dihydrodiol dehydrogenase per mg protein. The enzyme 
was purified about 500-fold with respect to rat liver 100,000g 
supernatant by a method which included ammonium sulphate 
precipitation, DEAE-cellulose chromatography, interfacial 
salting-in and gel filtration through Sephadex G-100. The pre- 
paration showed a single polypeptide band when analysed by 
SDS-gel electrophoresis and sedimented as a single symmetrical 
peak in the analytical ultracentrifuge in the absence of SDS. 


Я Decrease m 
Motabobang dus Revertants mutagenicity 
system | Without DH With DH by DH(%) 
Microsomes from 
3-methylcholanthrene-treated 
mice, NADPH P<0 01 
generating system 2,200+300 — 1,3004 150 41 

P«001 NS 

As above + eponde NS 
руфгасме minbrtor 1,200+300 ——› 1,9001 50 -8 


Fig. 2 Effect of dihydrodiol dehydrogenase on the mutagenicity 
of benzo(a)pyrene with or without simultaneous inhibition of 
epoxide hydratase. Adult male C3H mice received a single 
intraperitoneal injection of 3-methylcholanthrene (80 mg per kg 
body weight, dissolved in sunflower oil) 40 h before death. The 
livers were ised in three volumes 0.15 МЕСІ buffered 
with 10 mM Na phosphate, pH 7.4, the homogenate was centri- 
fuged for 10 min at 10,000, and the resulting supernatant fraction 
centrifuged for ih at 100,000g to give a microsomal pellet. 

Benzo(a)pyrene (5 ug, dissolved in 10 ul dimethyl sulphoxide), 

500 ш of a microsomal metabobsing system (1 mg microsomal 

protein), 1 unit glucose-6-phosphate dehydrogenase, 36 mM 

МАРР", 15 mM ghucose-6-phosphate, 8 mM MgCh, 80 mM KCl, 

50 mM Na phosphate, pH 7.4), where indicated an epoxide hydra- 

tase inhibitor” (0.3 р] 1,1,1-trichloropropene 2,3-0xide) and/or 

0.25 units dihydrodiol dehydrogenase (D dissolved m 100 pl 

0.15 M КС), 100 pl Jus^ bacteria (1.7 x 10* S. typhimunum TA 

98) and 2,000 ш histidine-poor top agar (0.55% agar, 0.55% 

NaC, 50 uM histidine, 50 рМ biotin, 25 mM Na phosphate, pH 

7.4, 45°C) were mixed in a test tube and poured onto a minimal 

agar plate. After incubation for 3d in the dark, colonies (Ац? 

revertants) were counted. The number of revertant colonies in the 
absence of benzo(a)pyrene (38 colonies) was subtracted. Values 
represent meansts.d. of 3 parallel incubations. Statistical 
significance was calculated with the Student's t-test; NS, not 
significant. 
Refiltration through Sephadex G-100 resulted in a single pro- 
tein peak of uniform specific activity. All these findings suggest 
that the preparations were homogeneous. 

The effect of this pure enzyme on the mutagenicity of 
benzo(a)pyrene was studied in the microsome/ Salmonella 
test". In this test two metabolic pathways mainly contribute to 
the mutagenicity of benzo(a)pyrene": (1) activation to 
benzo(a)pyrene-4,5-oxide!^!* ig predominant when liver 
microsomes from control animals are used; (2) dihydrodiol 
epoxides are mainly responsible for the mutagenicity when low 
doses of benzo(a)pyrene are activated by microsomes from 
animals in which cytochrome P448 is induced (by treatment with 
polycyclic hydrocarbons or with Aroclor 1254)?. In this situa- 
tion simple epoxides again become the major mutagenic 
metabolites if epoxide hydratase is inhibited, or at 
benzo(a)pyrene concentrations which are high enough to inhibit 
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oxidation of the dihydrodiols. "The ' Salmonella typhimurium 
strains TA 98 or TA 100 are highly susceptible to both groups df 
mutagenic metabolites, whereas the’ strain TA‘ 1537 is 
much'more susceptible to the 4,5-oxide than to the dihydrodiol’ 
epoxides”. A 
‘Figure 1 shows the effect of dihydrodiol dehydrogenase i in 
these" two conditions. When benZo(a)pyrene was, activated by. 
liver liver’ microsoníes from 3- -ínethylcholanthrene- -treated mice,’ 
addition of pure ditydrodiol dehydrogenase clearly reduced the 
mutagenicity The effect increased with the, dose of dihydrodiol 
dehydrogepse’ up to 0:5 units per plate; further addition of 
dihydrodiol | dehydrogenase had no sighificant effect. Thus, 
maximal reduction of mutagenicity was achieved using about 15 
times more enzyme than that present in the amount of liver 


equivalent to the'i microsomes used for activation. Similar, and’ 


eyen greater,’ differences іп activities” of foreign compound- 
metabolising enzymes are encountered, ‘between various animal 
species 9^? or after exposure to foreign compoynds with induc- 
ing properties? 

The- -percentage of the benzo(a)pyrene mutagenicity which 
could be removed. by dihydrodiol dehydrogenase depended on 
the bacterial strain. With TA 98, it was 30-60%, and with TA 
1537, as expected from the lower sensitivity of this strain 
for benzo(a)pyrene dihydrodiol epoxides; it was smaller, 15— 
25% (data not shown). In contrast to these experiments with 
microsomes from 3-methyicholanthrene-treated mice, no 
effect of dihydrodiol dehydrogenase on the mutagenicity of 
benzo(a)pyrene was found when.microsomes from contro} mice 
were used (Fig. 1).. This is readily understandable, as control 
mouse liver microsomes activate benzo(a)pyrene mainly to 
benzo(a)pyrene-4,5-oxide rather than to dihydrodiol epox- 
ides’***, This is the metabolic situation where epoxide hydratase 
markedly reduced the mutagenicity’*™. Similarly, with 3- 
methylcholanthrene-induced micrósomes in which. the forma- 
tiom of dihydrodiols ` was prevented by inhibition of epoxide 
hydratase (Fig: 2), dihydrodiol dehydrogenase failed to réduce 
the mutagenicity of ‘benzo(a)pyrene. The dihydrodiol dehy- 
drogenase-resistant mutagenicity. is probably due to simple 

epoxides’**425, phenols**** апа metabolites of phenols’ 
which are. generated by the mammalian activating system... 

Thus we conclude (1) that dihydrodiol. dehydrogenase can 
protect against mutagenic effects of benzo(a)pyrene; but (2) that 
not ‘all ‘the mutagenic metabolites of benzo(a)pyrene can be 
removed by dihydrodiol dehydrogenase. (3) Probably due to the 
combinatior of a relatively « efficient inactivation of other active 
metabolites of benzo(a pe and the high inherent biological 
activity of dihydrodiol bay-region epoxides, the latter seem to 
play an especially important part in mutagenicity, DNA binding, 
cell transformation and tumour. formation*"!'.. Therefore, the 
discovery that dihydrodiol dehydrogenase is capable of reducing 
the mutagenicity mediated by the dihydrodiol-epoxide pathway 
opens an intriguing perspective for the ehtire field of polycyclic 
hydrocarbon-evoked: mutagenicity, carcinogenicity and cyto- 
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Conformation of Moloney 

murine leukaemia 
proviral sequences in chromatin ` м 
from [єшгарииг and nohléukaemic cells 


THE structure of асыр ону active ‘and inert regions of 
eukaryotic chromatin can be differentiated on the basis of their 
sensitivity towards nuclease digestion. Whereas DNase I pref- 
erentially digesta transcriptionally active genes into fragments: 
too small to fort stable hybrids, micrococcal nuclease shows no 
preferential digestion of specific nucléar DNA sequences’, We 
report here’ experiments in which e structure of Moloney 
murine leukaemia proviral DNA ` sequences. in chromatin of 
tafget cells expressing the viral genome and of non-target cells in 
which the same sequences are repressed were examined by 
digestion with DNase I and microccoccal nuclease. It is shown 
that thé Moloney murine leukaemia virus (M-MuLV) genomes 
in target and non-target cells of BALB/Mo mice are integrated 
into the host cell genome and: organised in nucleosome-like 
structures. The difference in transcriptional üctivity of viral 
genomes in target and non-target cells'is reflected by a difference 
in DNase I sensitivity. A partial resistance to DNase I of 
M-MuLV sequences in target cells suggests that the multiple 
viral genome copies in these cells are integrated at different sites 
and have different transcriptional activity. 

Retroviruses provide excellent model systems for studying the 
structure of eukaryotic chromatin. As endogenous viruses they 
are normal constituents of the genomes of a wide variety of 
animal species. Alternatively, they can integrate into the 
genome of their host organisms after exogenous infection where 
they serve as template for the transcription of viral mRNA and 
progeny genome RNA (refs 7, 8). The expression of the 
integrated retroviral genome is subject to control by genetic 
factors of the host’ and із linked to the differentiated state of the 
infected cell'?. Thus, these viruses offer the unique opportunity 
for studying the structural organisation of well defined DNA 
sequences in various states of expression. 

The experiments described here were carried out with nidi 
isolated from different organs of BALB/Mo mice and therefore 
reflect’ the state of proviral DNA sequences in the animal. 
BALB/Mo. mice were derived from an animal infected at the 
four- to eight-cell preiriplaritation stage with. M-MuLV. They 
carry the, M-MuLV genome integrated into the DNA of all 
organs and. transmit it. like an endogenous virus!" 2, The 
genetically transmitted viral structural gene, the Mov-1 locus, 
has recently. been assigned to mouse chromosome 6 (ref. 13). 
BALB/Mo mice develop & specific, thymus-derived leukaemia. 
Expression of the M- MuLV' genome during leukaemogenesis is 
restricted to lymphatic target tissues (spleen, thymus) and is 
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Fig. 1 Kinetics of digestion of mouse liver and spleen‘ chromatin 
with.a, DNase I, and 5, micrococcal nuclease. Nuceli were isolated : 
from homogenised mouse tissues by centrifugation through 2.2 M`.. 
sucrose and digested at 37 °C at а nuclear DNA concentration of 
img mi. Enzyme concentrations were 10 units mI '. The 
percentage of DNA remaining. HCIO,-precipitable was deter- 
mined by precipitation with cold 7% HCO, and subsequent . 
measurement of the absorbance at 260 nm of the acid-soluble and- 
insoluble fraction. 6, Spleen nuclei; X, liver nudei; О, fresh’ 
enzyme was added after 1 h. . 


correlated with a somatic amplification of viral DNA 
sequences! "^'^. In contrast, the viral genome remains repressed 
throughout the life of the animals and no amplification of viral 
sequences occurs in non-target organs (such as liver or brain)'*. 

We have carried -out DNase I and micrococcal nucleese 
digestions of chromatin from target (spleen) and non -terget 
. (liver) cells of homozygous’? leukaemic BALB/Mo mice. The 
conditions of digestion with both enzymes were chosento render 
approximately 50-60% of the DNA HCIO,-soluble within 60 
min. Further incubation or the addition of fresh enzyme did not 
significantly increase the HCIO,-sotuble fraction, indicating that 
the undigested fractions were: resistant to the action of. the 
enzymes (Fig. 1). These results confirm the findings of others’. 
After different periods of DNase digestion, aliquots were with- 
, drawn and the DNA was purified and analysed for M-MuLV- 
specific sequences by a quantitative complementary DNA 
excess hybridisation using an M-MuL V-specific cDNA which 
does not recognise endogenous virus sequences ^^, As shown 
in Fig. 2a, M-MuLV-specific sequences were preferentially 
А digested by DNase І іп spleen cells of leukaemic 
BALB/Mo mice: whereas DNA from these. cells 
contained three to four M-MuLV genome copies per haploid 
mouse genome equivalent, this number was reduced to approx- 
imately two copies after digestion with DNase I for only, 10-15 
min. This was not observed in liver cells from the same animals: 
liver cells contained one viral genome copy per haploid mouse 
genome, which was nótprefecentally digestible by DNase L (Pla. 
2a). 

The preferential digestibility by DNase I of M- -MuL V-epecific 
sequences in chromatin from spleen but not from liver cells of 
homozygous BALB/Mo mice agrees with the finding that the 
viral genome, although genetically transmitted and present in 
every cell of these mice, is expressed only in ‘target’ organs such 
ax spleen and thymus, whereas it stays repressed in ‘non-target’ 
organs such as liver and brain'^. However, as shown in Fig. 2a, in 
spleen cells of homozygous, leukaemic mice, in which an 


+ 


-copies were sensitive to DNase I, 
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amplification of the viral genome from initially one to three to 
four copies per haploid genome had taken place, only two of the 
the remaining one to 
two copies showed the зате relative resistance towards DNase I 
as the bulk of Ње host DNA sequences. In analogy to the 
findings of others! f, we assume that the DNase I-sensitive 
active, whereas the resistant 
ones are inactive. "This assumption is supported by the pre- 
liminary finding.that in young homozygous BALB/Mo mice 
which contain only oné M;MuLV genome copy in their target 
cells, this single copy irsensitlye.to DNase I digestion. ] 
The partial resistance of M-MuLV sequences to DNase I in 
spleen cells of homozygous, leukaemic BALB/Mo mice (Fig. 
2a) therefore suggests a difference in the transcriptional activity 
of the various viral genome copies in leukaemic tissues. On the 
basis of these data, however, we cannot exclude a heterogencity 
of the cell population in the sense that in some cells all M-MuLV 
sequences are DNase I-sensitive and in others all are resistant: 
Furthermore, as the complexity of the cDNA probe used in the 
hybridisation analysis has not beei accurately determined”? and 
nothing is known about the” molecular organisation of the 
various M-MuLV Fo SUR ыны пешак 
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Hea i Determination of M-MuLV-agecf sequeoces in DNase- 

molecular! hybridisation. Nuclei from 
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mice were isolated and digested with a, DNase I, and b, micrococ- 

cal nuclease, as described in Fig. 1. After the times indicated, : 
undigested DNA was extracted from: the DNase-treated nuclei, 
centrifugation and 


M-MuLV-specific DNA sequences was determined in each DNA 
` in а cDNA excess hybridisation amay using an M- 
I E cDNA probe’ ewentially ss described 'else- 
M-MuLV'genome copy numbers were calculated by 
- Торан with samdari aae DNA wit rooms eda c 
ў sequences (homozygous and! heterozygous ВАГ В/Мо 
embryo DNAs сойо 1 und 0.5 M-MaLV copies per haplod 
mouse genome equivalent, respectively’). Thus, the.ordinate . 
расы MCMBL V. родо ciples per. weight ot andipeated 
n DNA expressed as haploid mouse genome equivalents. 


322 

>  _ Жары]. Hztfpachonshon 7 57... 
M-MuLV gonde © 7 с" 
' 7 copes pir“ % Of total 9% Of M-MoLV specific 
DNA / haploid mowe ^ “DNA iy a+ DNA in 
source « genome , supernatant Supernatant , Precipitate . 
Spleen: "847. 25 707 0247 +. 97.6 
Liver, ‘rs. i4 > ar38 25 4S , 955 
SV4O 2 as aan vx : 89.5 so — 


i А tan t- э 


Oe 
Mouse tissues were bomógonseti in'a loose Teflon Bómogemser m phosphato- 
buffered saline (PBS) '(Itrer 5 ml PBS рег g; spledn’ 20 ml PBS per g) The 
was diluted with.6 volumes of 10 mM Тгм-НС, РН 7.6, 10 mM 


DNA was added to a 
соттап ойе угы DNA wh НЫ 


we | cannot determine, Whether parts or all of the viral genoines 
are ‘in: the sensitive, configuration. i 

‘When’ similar experiments vere carried ош with micrococcal 
nuclease, we found that'this enzyme did not preferéiitially digest 
viral sequences, in either target-or non-target tissues, of leuk- 
aemic BALB/Mo mice (Fig. 25): the relative concentration of 
viral sequences (three to four copies per haploid genome in 
spleen and one copy in liver cell chromatin) was constant 
tbroughout the course of digestion. - This was observed 
reproducibly i in organs from BALB/Mo mice of different age as 
well as in M-MuLV-producing fibroblasts in vitro (data not 
shown). This result indicates that the M-MuLV genomes in 
target and non-target organs of BALB/Mo mice, including the 
copies that are amplified during leukaemogenesis, are organised 
in similar nucleosomal structures to those of the host cell DNA, 
and suggests that the multiple viral genome copies in tumour 
cells are integrated into the host cell genome and not preséht as 
free proviral ОМА. --- -- 

- То determine directly uses сйс Е DNA 
cohtributed to the DNase I-sensitive fraction of the M-MuLV- 
specific sequences in the experiments described above; we frac- 
tionated the DNA from spleen and liver cells of Wis en 
homozygous’ BALB/Mo, mice by the Hirt procedure’® 
tested the supernatant and precipitate fractions for M- МО 
specific sequences Бу molecular hybridisation. As shown in 
Table 1, only 3-496 of the total DNA from mouse liver or spleen 
cells was not precipitated by this . In contrast, when 
radioactively labelled SV4O DNA wak added before the frac- 
tionation, almost 9096 of the radioactivity was found in the 
supernatant, eliminating the possibility that unintegrated pro- 
viral DNA was trapped and co-precipitated with the cellular 

` DNA. When the Hirt supernatant and precipitate fractions were 
analysed for M- MuLV-specific sequences, we found that 96% in 
liver chromatin and 98% in spleen chromatin of the virus- 
specific: DNA was precipitated with the high molecular weight 
cellular:DNA, showing that virtually all the viral sequences are 
in an integrated state and that only very little, if any, free 
proviral DNA. is present. A similar conclusion was reached by 
Berns et al. _(personal-communcation) on the basis of restriction 
enzyme. analysis of DNA from liver and, leukaemic cells from 
BALB/Mo mice which indicate that the somatic amplification of 
M-MuLV involves new aid independent integration sites. 
We have ‘shown here that M-MuL V-specific- sequences in 
‘ chromatin’ from‘ target and ‘non-target organs of BALB/Mo 
: mice have a different conformation as reflected by a difference in 
DNase I sensitivity. This corifirms that changes in transcriptional 
activity of: eukaryotic genes . correlate with conformational 
changes of the respective chromatin regions“. In'M-MuLV and 
AKR.. virus-induced leukaemia. of mice, leukaemogenesis is 
accompanied by a somatic amplification of virus-specific 
sequences! 1, The studies reported here have shown that the 
multiple viral genome copies in leukaemic cells are integrated 
into the'host cell:genome'and that tlie integrated viral sequences 
are organised in nucleosomal structures. The resistance 
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to DNase I of M-MuL V specific sequences in leukaemic cells 
(Fig. 2a) agrees with the hypothesis that the viral genome copies 
integrated at different integration sites have different tran- 
scriptional activity. Dino and Penhoet” have recently come to a 
similar conclusion by measuring intracellular concentrations of 
viral RNA in murine leukaemia virus and sarcoma virus- 
infected cells. It will be of interest to characterise further the 
various integrated M-MuLV genome copies in leukaemic cells 
and to correlate the different integration sites to transcriptional 
activity and leukaemic transformation. 

We thank D. Grotkopp for technical asaistance: This work 
was supported by a grant from the Deutsche Forschungs- 
gemeinschaft and a research contract from the NCI (NOICP 
71008). The Heinrich Pette-Institut is suppported by Freie und 
Hansestadt Hamburg and Bundesministerium für Jugend, 
Familie und Gesundheit, Bonn. 
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Simian virus 40 specific proteins on 
surface of HeLa cells infected 
with adenovirus 2-SV40 

hybrid virus Ad2* ND2 ia 


CELLS infected or transformed by simiah virus 40 (SV40) 
express SV40 tumour- "specific transplantation ' antigen 
(TSTA)'?. The mechanism of tumoür rejection mediated by this 
antigen is not yet understood, but-our knowledge about trans- 

plantation rejection suggests that TSTA should be located on 
the cell surface". SV40 ТТА has a close molecular relationship 
to SV40 T-antigen** , which їз а nucléar antigen, and until now, 
SV40 specific proteins have not been demonstrated uneqüivo- 
cally in the plasma membranes or on the cell surfaces of SV40 
infected or transformed cells. In contrast, in cells infected by the 
nondefective adenovirus 2-SV40' hybrid virus Ad2'ND2, a 
virus known to induce SV40 ТТА the SV40-specific proteins 
(MW 56,000 (56K) and 42, 000'(42K)) are stably incorporated 
into the plasma membranes’. These proteins are coded for—at 
least in part—-by the SV40 portion of the hybrid virus genome 
and correspond to the C- terminal half of SV40 T-antigen*. 

Furthermore, these proteins - are itmmunoprecipitable ‘from 
extracts of Ad2*ND2-infected ‘cells using Serum ftom SV40 
tumour-bearing hamsters’. Analysis of Ad2*ND2-infected 
HeLa cells by immunofluorescence microscopy for cell surface 
flhorescence using hamster -SV40 tumour serum, however, 
failed to give a positive result (W.D., unpublished). A possible 
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Fig. 1 Immunoprecipitation of SV40 specific proteins from NP40 cyto- 
plasmic extracts of Ad2* ND2-infected HeLa cells using hamster SV40 
tumour serum or rabbit anti-T serum. HeLa cells grown in suspension were 
infected with Ad2*ND2 and labelled from 40-41 h post-infection with 
35§_methionine (20 pCi ml -1), NP40 cytoplasmic extract was prepared by 
lysing the cells with RSB = containing 0.5% NP40, and removal of the nuclei 
by centrifugation (800g for 5 min). Aliquots of 300 ul of the NP40 cyto- 
plasmic extract were incubated with 30 yl of serum for 1 h at 0 °C and 150 yl 
pre-swelled protein A-Sepharose were added per assay and the reaction 
mixture was incubated for a further 30 min at 0°C. The protein A- 
Sepharose containing the immune complexes was removed by centri- 
fugation. The protein A-Sepharose was washed extensively with isotonic 
Tris buffer, pH 7.2, containing 0.2% NP40. Then the immunoglobulins were 
eluted from the protein A-Sepharose with 500 џ of 50 mM NH4HCO34, 
containing 1% SDS. The eluates were lyophylised and samples of the NP40 
cytoplasmic extract (original reaction mixture), and the eluates were proces- 
sed for SDS-PAGE analysis as described elsewhere !° Samples containing 
~15 ug of protein were run on a 8.5% SDS-polyacrylamide gel and 
radioactive polypeptides were visualised by fluorography as described by 
Bonner and Laskey!". The sample order is: a, Ad2* ND2 cytoplasmic 
extract; b, same, eluate after immunoprecipitation with hamster SV40- 
tumour serum; c, same, eluate after immunoprecipitation with hamster 
non-immune serum; d, Ad2* ND2 cytoplasmic extract; e, same, eluate after 
immunoprecipitation with rabbit anti-T serum; f, same, eluate after 
immunoprecipitation with rabbit non-immune serum 


explanation is that upon location on the cell surface the structure 
of these proteins is altered so that they are no longer recognised 
by the tumour sera. These sera are probably directed against 
native T-antigen released from the nuclei of necrotic tumour 
material. We therefore decided to prepare antisera against 
SDS-denatured T-antigen which are directed against the pri- 
mary structure of T-antigen rather than against its native con- 
formation. We report here that SV40-specific proteins can be 
visualised on the cell surface of Ad2'ND2-infected HeLa cells 
by immunofluorescence microscopy using a rabbit anti- T serum, 
prepared against purified SDS-denatured T-antigen. 
T-antigen was prepared by preparative immunoprecipitation 
of cell extracts of the hamster tumour line H 65/90 B (originally 
obtained from Dr V. Defendi) according to the method of 
Schwyzer? using hamster SV40 tumour serum and protein A- 
Sepharose. T-antigen was then further purified by preparative 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and 
electrophoretic elution of the T-antigen band. The electro- 
phoretically pure T-antigen preparation was used for immunis- 
ation of a rabbit. The method of preparation of purified T- 
antigen and the immunisation procedure will be described 
elsewhere (W.D. and R.P., in preparation). Rabbit anti-T sera 
have been prepared in similar ways previously'^''. Hamster 
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SV40 tumour serum (from Dr R. Henning) and the rabbit anti-T 
serum were first characterised by determination of their T- and 
U-antibody titres on SV40-transformed mouse cells (clone 
SV101), on heat-treated SV101 cells" and on Ad2'ND2- 
infected HeLa cells", respectively 

Table 1 shows that both sera exhibited similar T-antibody 
titres on SV101 cells and similar U-antibody titres both on 
heat-treated SV101 cells and on Ad2' ND2-infected HeLa cells 

The specificity of both sera was further assessed by immuno- 
precipitation of extracts from Ad2'ND2-infected cells and 
analysis of cell extracts and immunoprecipitates by SDS-PAGI 
Figure 1 demonstrates that both sera specifically precipatated 
the SV40-specific 56K and 42K proteins 





Fig.2 Visualisation of SV40 specific proteins within and on the cell surface 
of Ad2'ND2-infected HeLa cells by immunofluorescence microscopy 
HeLa cells grown on coverslips (12 mm) were infected with Аа2 ND2 (a 

d, e) or Ad2 (b, f) and processed for immunofluorescence microscopy 
40 h post-infection as described in Table 1 legend. Cells in 
were fixed by methanol-acetone treatment as described \ 
cells in panels d, e and f were fixed for cell surface staining by treatment f 

5 min with 3.7% formalin in PBS at 0°C followed by air drying. Cells i 

panels a, b, e and f were stained with rabbit anti- T serum, at a 1: 100 dilution 
(panels a, b) ora 1:10 dilution (panels e, f) with PBS. Cells in panels c and d 
were stained with a rabbit antiserum prepared against purified HeLa cel 
nuclei. Cells were viewed with a Zeiss microscope equipped with 
epifluorescent illumination. Note that the uninfected cell lower right 
does not exhibit fluorescence staining. Cells in (e) are located in different 
focal planes. The cell in the middle right area is focused at the cell periphery 
the focal plane of the island of two cells in the lower left being slightly above 
this. The cell in the upper middle area is either uninfected or in a very early 
stage of infection. Staining of either Ad2- ог Ай? ' ND2-infected HeLa cells 
with rabbit non-immune serum did not result in immunofluorescence stain 


egend 











ing (data not shown). Photographs were taken with a Planapo 63 
immersion objective. Exposure times for panels a, c and e wer 30 s, for 
panels b, d and f ~2.5 min. Magnification in all panels is 166 


The rabbit anti-T serum described above was then used to 
analyse Ad2' ND2-infected HeLa cells by immunofluorescence 
microscopy. Methanol-acetone fixation and staining with the 
rabbit anti-T serum and FITC-labelled sheep anti-rabbit-IgG 
revealed typical perinuclear or cytoplasmic U-antigen fluores- 
cence" in the Ad2* ND2-infected cells (Fig. 2а). This U-antigen 
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fluorescence was foundin about 80% of the cells, indicating that 
about this proportion of the cells were infected by Ad2*ND2. 
Ad2-infected HeLa cells treated with rabbit anti-T serum,- on 
the other hand, did not exhibit any fluorescence staining (Fig. 
2b). Staining of living Ad2*ND2-infected HeLa cells for cell 
surface fluorescence was impractical, because late in infection 
(7-40 h) these cells are fragile and tend to lyse during processing 
for immunofluorescence microscopy. Analysis of Ad2*ND2- 
infected cells for ‘cell-surface fluorescence, therefore, was per- 
formed with formalin-fixed cells!^. This treatment stabilises the 
cells arid is believed not to render the cell membrane permeable 
to antibody. This was tested by analysing Ad2*ND2-infected 
HeLa cells after methanol-acetone and after formalin fixation 
with an antiserum prepared against purified HeLa cell nuclei. 





Table 1 T end U aitbody tros of bumstz SY40 tomes pool serum and тавып 





ant T-eeram А 
- Antibody titres `` 
DLP bsp 
(00 Sera SV101 cells ^ SVi01 cells” HeLa cells 
© i (T-Ag) (U-Ag) (U-Ag) 
Hamster pool 3,200 .800 - 600- 
Rabbit ant-T 1,600 1,600 600 


tively. U antibody шгёё ой SV101 celis were 
T-antigen?? от Ret юе im (1 mm) жого кылай Тыке mi 

saline (РВЅ)!* and incubated in а wet chamber at 50°C for 
30mm. The cells were then washed twice with PBS and processed for 
immunofiuorescence microscopy. SV101 -infection cells, heat-treated SV101 
celis. and Ad2*ND2-infected HeLa celis (at —40 h.p.L.) were fixed by treatment 
with methanol at —20 °C for 5 min, followed by acetono treatment at —20 °C for 


30 s and air drying. Tho cells were then incubated for 45 min at'37.°C with the first , 


шо бшш cA шыш perse nibii ш T enaar а 

dilutions mdicated. After washing extensively with PBS, the second antibody 
(FITC-labelled y-globulin against hamster IgG or FITC-labeled y- 
giobulmn prepared against rabbit IgG, respectively) was added and the cells held for 
а further 45 шїп at 37 °С. After a second sories of washes with PBS the coverslips 
were mounted with Elvanol on microscope shdes. The cells were viewed with a 
Zem microscope equipped with epifinorescent illummation. Antibody titres aro 
given as reciprocal of the serum dilution, at which tbe staring intensity was 1+ on a 
scale of 4+ = brilliant, and + = very dult Before use all sera were absorbed either 
on metbanol-fixed 3T3 celis (when tested on SV101 cells) or on méthanol-fixed, 
AD erst IGE col (hex жы аы edo el nee, 


>e 
` 


Figure 2 demonstrates that this serum stained the nuclei in 
methanol-acetone fixed cells (Fig. 2c), but not in formalin-fixed 
cells (Fig. 2d). This result demonstrated that after formalin 
fixation antibody was no longer ‘able to permeate the plasma 
membrane of, the hybrid virus-infected cells. Staining of 
formalin-fixed Ad2*ND2-infected HeLa cells with rabbit anti-T 
serum resulted in typical cell surface fluorescence of approxi- 
mately 80% of the cells (Fig. 2e). This indicated that the cell 
surface fluorescence was associated with the Ad2*ND2-infected 
cells. It was not visible on Ad2-infected HeLa cells (Fig. 2f), or 
wher rabbit non-inmune serum was used as first antibody (data 
not shown). ` 

Staining of Ad2*ND2- infected cells for surface fluorescence 
was positive with the rabbit ‘anti-T serum down to a serum 
dilution of 1:100. However, when Ad2*ND2-infected cells 
were tested for cell surface fluorescence using the rabbit anti-T 
serum after extensive absorption on methanol-fixed SV101 
cells, a procedure which resulted in an 8096 reduction of both 
the T and U antibody fitres in this serum, no cell surface 
fluorescence could-be obtained at'a 1:10 dilution of the absor- 
bed serum (data not shown). This result is further evidence for 
thé SV40 specificity of the cell surface staining shown in Fig. 2e. 

"The cell surface staining of Ad2* ND2-infected cells described 
above provides evidence that at least part of the SV40-specific 
56K and 42K proteins located in the plasma membranes of 
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Ad2* ND2-infected cells by biochemical cell fractionation pro- 
cedures’ are located on the cell surface. The cell surface location 
of these proteins is compatible with the idea that they carry the 
antigenic determinants for SV40 TSTA. The fact that these 
proteins are not detected on the cell surface using hamster SV40 
tumour serum with similar:T and U antibody titres as the rabbit 
anti-T serum can be explained by the assumption that the rabbit 
serum recognises either more or different antigenic deter’ 
minants than does the hamster SV40 tumour serum. Alterna- 
tively, formalin treatment might alter the antigenic sites of the 
SV40-specific protein so that they are no longer recognised by 
the tumour serum. 

We thank Drs К, Weber, М. Osborn, G. Hiller and R. 
Henning for helpful discussions. This work was supported by 
grant De212/2 from the Deutsche Forschungsgemeinschaft and 
funds from the Max-Planck-Gesellschaft. 
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Eukaryotic DNA fragments which 
act as promoters for a plasmid gene: 


TRANSCRIPTION is the process that occurs in all organisms 
whereby the genetic information coded by the nucleotide 
sequences of DNA is transferred into RNA. This process is 
initiated by attachment of RNA polymerase to a region of the 
DNA. called the promoter’:- Considerable ' information’ has 
accumulated recently concerning the structure and function of 
prokaryotic promotets, but little insight has been gained into the 
characteristics of eukaryotic promoters. We report here on 


' experiments that use an E. coli plasmid with an attenuated 


promoter as a probe for possible: ‘eukaryotic promoters. ' 

. The E. coli plasmid pBRH3B is a 5.2 megadalton derivative 
of pBR316 (ref. 2) which codes-for ampicillin (Ap) and tetra- 
cycline (Tc) resistance: It was constructed by inserting a chem- 
ically synthesised EcoRI linker into the RNA polymerase bind- 
ing site (that is, the promoter) of the Tc-resistance gene, thereby 
decreasing the Tc. resistance: conferred by the plasmid from 
75 ug ml ! to 5 ig mI! Те (ref. 3). Insertion of a fragment of 
DNA at the EcoRI site completely abolishes the residual 
activity of the resident Tc promoter, and expression of Tc 
resistance. then becomes dependent on 'foreign' promoters 
contained within the inserted fragments. The lével of Tc resis- 
tance thus provides a simple biological assay for the-presence 
and possibly the strength of pea activity carried on [pipes 
fragments.. 

Purified DNAs from several: orokuryode and ЕВ 
organisms (Table 1) жеге. digested with the restriction 
endonuclease EcoRI and cloned into the EcoRI restriction site 
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Table 1 Frequency of promoter active recombinants, expressed as 


percentage of total recombinants 

DNA source : % 
E. сой bacteriophage T4 25.3, 26.2 
Escherichia coli 29.3 
Bacillus subtilis 25.0 
Rhizobtum japonicum 9.8 
Euglena chloroplast 33.0 
Saccharomyces cerevisiae | 27.4, 28.4 
Tetrahymena thermophilia 7.57 
Neurospora crassa ` us 4.74, 4.65 

: : Drosophila melanogaster ``. ` 0.77, 0.84 

Megasilia scalaris VE E 0.23 , 


Purified DNAs from each of the organisms listed above were digested 
with EcoRI, combined with an equirnolar amount of EcoRI-digested 
pBRH3B, and incubated with T4 DNA ligase”. The ligation mixture was 
transformed into the E. coli strain RR1 and the cells were grown for 
three generations (3'h) at 37°C in Laria broth (LB) after which 0:1 ml 
aliquots were spread on LB plates containing 20 pg per ml Ap. 
Frequencies of total recómbiriants and of promoter-active recombinants 
were obtained for each species of DNA by patching 500-2,000 Ap- 


resistant colonies onto plates containing 5, 10, 15, and 20 ig per ml Tc. . 


Those which did not grow on 5 pg per ml Tc were scored аз Tc sensitive, 
those growing on 5 ug ml ` but no higher, as non-recombinant plasmid , 
vehicles, and those forming colonies on higher than 5 ug per ml Tc were ` 


categorised ‘as recombinants exhibiting promoter activity. In cases ` 


where more than one frequency is indicated, the experiment was 
repeated and both results are listed. In every instance the remainder of 
_ the transformation mixture was plated onto plates containing 10 yg per 
ml Tc and 20 ug per ml Ap in order to select only those recombinants 
demonstrating Tc resistance greater than the plasmid vehicle. By 
spreading an aliquot of the cells on Ap plates alone at the same time, we 
could determine the proportion of transformants represented by these 
promoter-active recombinants. Based on the data obtained from patch- 


ing the Ap-reaistant transformants, we calculated the percentage of total ` 


recombinants which showed promoter 'actrvity. The results obtained 
were comparable with those listed in table 1. Since each experiment was 
carried out іп identical conditions with respect to amounts of DNA used 
and time of incubation after transformation, it was not necessary to 
ке ee o 
and genome size. R 


t. 


of pBRH3B. Ampicillin resistant transformants of E. coli were 
selected and then examined for increased levels of Tc resistance. 


DNA cloned.which expressed Tc resistance levels ranging from 


“complete Tc sensitivity, to resistance greater than 5 ре ml! Тс. · 


For each experiment, the percentage of recombinants which 


exhibited Tc resistance was calculated (Table 1), and DNA from © 
5% of the recombinants was purified so that the presence of a ` 


‘foreign DNA fragment in pBRH3B-could be verified by EcoRI 
digestion and agarose gel electrophoresis. A wide range of 
fragment sizes was observed, but no correlation between the Tc 
resistance levels and the sizes of the DNA fragments were 
found. It is evident from the data in Table 1 that the frequency of 
cloned promoter active fragments in pBRH3B is reproducible 
and depends оп. Ње origin of.the DNA. Moreover, the data 
suggest that both yeast and Euglena chloroplast DNAs may . 
harbour nucleotide sequences similar to the promoter regions 
present in prokaryotic DNAs. The low frequency of. promoter . 
fragments cloned from Neurospora and Drosophila DNAs , 

. stands in marked contrast to the yeast and chlorpplast frequen- 

cies, and suggests that the nucleotide sequences of Neurospora 

and Drosophila may have evolved further from the prokaryotes 
than those of Saccharomyces or Euglena chloroplast DNA. 

Since most promoter. regions sequenced thus far are usually _ 
(A+T)-rich’, .the low frequency of. ‘promoter fragments 


obtained from Rhizobium DNA in comparison with those of the, _ 


other prokaryotic DNAs may be explained by the unusually high 


(С +С) content (64%) of Rhizoblum japonicum 110 (ref. 4). 
It is not yet certain that the regions on the eukaryotic frag-. - 


ments which are recognized by E. coli RNA polymerase are. 


, barrier. To гу 
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' bona fide eukaryotic promoters. Neverthelese, preliminary 


indications that E. coli RNA polymerase can recognise eukary- 

otic promoter sequences come from studies involving the clon- 
ing of the EcoRI fragment carrying the yeast 5S rRNA gene? 

into the EcoRI site in pBRH3B. This fragment exhibits strong 
promoter activity, as manifested by the high level of Tc resis- 
tance conferred by the recombinant. When the orientation of 
the fragment in the plasmid is reversed, resistance to Tc disap- 
pears (unpublished observation). This observation could be 
explained if ойе presumes that one end of the EcoRI 5S 
fragment carries a promoter which can effect transcription of the 
„Тс resistance gene. The notion that eukaryotic DNA sequences 
can serve as promoters in E. coli is further supported by studies 


- in.which functional expression of eukaryotic genes in E. coli wes 


obtained. The Neurospora crassa gene, 5-dehydroquinate 
hydrolase (qa-2*), when cloned in the plasmid pBR322, can 
complement the E. coli mutation, aroD6 (ref. 6). Moreover, 
similar results have been obtained with the yeast gene Ais3, 
which has also been cloned by complementation in E. coli’. The 
-fact that expression of the Neurospora (S. R. Kushner, personal 


_communication) and yeast! genes in E. coli is independent of the 


orientgtion of the restriction fragment, suggests that tran- 
scription is being initiated Бу E. coli RNA polymerase at some 
point on the eukaryotic DNA and not by a plasmid promoter. 

-Previous efforts to identify eukaryotic genetic control signals 


: by probing native or reconstituted chromatin with E. coli RNA 


polymerase have yielded mostly equivocal results. The experi- 

ments described here, however, offer an in vivo alternative to 
traditional in citro modes of examining 'eukaryotic DNA. The 
fact that this approach does not require the functional expres- 
sion of cloned genes makes it more desirable than cloning 
-eukaryotic genes by the complementation of E. coli mutations. 
We feel that this kind of analysis will be useful for the isolation 
and characterization of promoters from organisms other than E. 
coli. The- strength and, number of promoter active fragments 


- cloned can be affected by many factors, so it is possible that: (1) 
. Tcresistance levels do not accurately reflect promoter efficiency 


and (2) due to sibling production, the percentage of promoter 


, active fragments shown in Table 1 may only approximate the 


real percentage of EcoRI fragments carrying promoter active 
sequences. It is the relative frequencies of promoter active 
fragments which make this system amenable to the study of the 


` evolution of regulatory sequences from prokaryotes to eukary- 
. otes. Indeed, the frequencies of promoter active fragments 
We collected a series of recombinant plasmids for each type of ~; 


obtained from Saccharomyces and Е. coli DNAs suggest a 
degree of -relatedness greater. than might be expected for two 
protists separated by the prokarypte-eukaryote phylogenetic 

sto gain further support for this analytical 
approach, we are extending this survey to include DNAs from 
additional prokaryotic and eukaryotic organisms. 

We thank B. Butler, R. Doi, R. Jefferson, J. Mielenz and К. C. 
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helpful discussions. This work was supported in part by the 
Upjohn Corporation and was carried out in accordance with the 
NIH Guidelines for Recombinant DNA Research. 
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matters arising 





-Viking Mars labelled 
release results И 


THE labelled release (LR) Mars experi- 
ment’? yielded a positive response from 
Mars. soil when a radioactive organic 
solution was added and a negative 
response when the soil was heated to 
sterilisation temperature. After storage of 
the soil at 10 °Cfor two to three months in 
the spacecraft, there was almost по 
response on addition of radioactive 
nutrient’. 

. Nussinov et al^ proposed that LR Mars 
tife-detection response arose from water- 
induced outgassing of СО, from Mars 
surface fines. They state that the kinetics 
of outgassing in LR and GEX are similar 
and that the characteristic time of the yield 
SE o а SER and. CO, a DIS are alio 
similar. 

We are surprised ti they ignored the 
fact that the CO, released by the LR is 
radioactive and, ‘therefore, must have 
arisen from the radioactive nutrient added 
to the soil sample. Further, we do not 
agree that the reaction kinetics in GEX 
and LR.are similar. GEX outgassed all of 
the measured О» in.—2h whereas the 
half-time for the LR production of 


radioactive CO, was ~8h, after which ` 


production tapered off, but continued 
slowly, for the duration of the particular 
experiment (up to 90 Sol). . 

Although we are not yet certain 
whether the LR response was biological or 
chemical, we are sure that it cannot be 
explained by the outgassing of oer trap- 
ped in Mars surface fines. 

GILBERT V. {suns 
| PATRICIA A. STRAAT 
Biospherics Incorporated, 
4928 Wyaconda Road, 
Rockville, Maryland 20852 
1. Lon, G V & йг, P. A Sommes 194, 1312-1329 
2 Lomo у A Strast, P A J веера Res 1,4663-4667 
(1977. 


3. Lem, G V &Stramt, P А 20th COSPAR Meet. Tel Aviv 
Ма A A An NS Innsbrock (1978) 

4 Nusmmor, M D,Chonryak, Y B А Ettmger,J 1. Name 
274, 859-861 (1978) 


NUSSINOV ET AL REPLY—We should 
like to correct here a false impression that 
our paper! contained a conclusion about 
registration in the LR experiment of 'CO; 
trapped in Mars surface fines’. We 
assumed that due to the radioactivity of 
the !*CO,, such a conclusion could never 
be drawn either by us or by readers. No 
conclusion as such can be made about the 
origination mechanism of the registered 
gases on the basis of the GEX and LR 
kinetics. It is only natural to think that 
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МСО, resulted from interaction between 


nutrient and Ол, the latter developing 
from the soil's reaction with water. The 
time trend of the count curve is typically 


: filtrational which means that the forma- 
` Чоп of O4-was rapid as compared with its 


transport. From a classical physical view- 
point, their kinetics implies quantitative 


similarity only of GEX and LR curve | 


shapes, itself implying identity of the 
power dependence (~t™* at small.f) and 
exponential saturation (7 » оо). Qualita- 
tive differences aré easily explained by the 
fact that the very designs of GEX and LR 
were incorrect from the physical stand- 


point, namely: (1) shapes (and masses) of. 


the'GEX and LR samples were not iden- 
tical; (2) specific quantity of nutrient 


differed in the experiments; (3) the most ., 
informative initial segments of the kinetic. 


curves were not registered. These are. the 
reasons that it was impossible to expect à 
better than order of: magnitude 
agreement. Therefore the similarity of the 
GEX and LR kinetics should undoubtedly 
be considered as fact. 

Note that the data by Levin and Straat 
on ‘almost no response upon addition of 


` radioactive nutrient’ after storage of the 
soil at 10°C for two to three: months, are 


readily explained by our model. Indeed, 


Ол physically adsorbed within the micro- 


pores at elevated temperatures can be 
converted to a chemisorbed state, thereby 
losing its reactability. At low Martian 
temperatures the chemisorption of О, is 
inhibited’. ‘ 
33 7n M. D. NUSSINOV . 
Space Research Institute, ‘ 

Y.-B, CHERNYAK 
Zatonnaya str. 10-1-178, 
115407 Moscow, USSR 

J. L. ETTINGER 
Space Research Institute, 


- Academy of Sciences, USSR, 


Profsojusnaja, 88, 
117810 Moscow, USSR 


1 Nusunov, M D , Съеспувк, Y 
274, 859—861, 278, 19-21 etd 


Mechanisms of sputtering . 
THE letter by Pollitt et al." on sputtering 
makes an interesting suggestion ‘but also 
several incorrect assertions about the 
adequacy of existing theories and ignores 
other publications. 
In currently accepted theories of the 
sputtering: of metals the incident ion 
generates collision cascades amongst the 
target atoms”. If these intersect the sur- 
face, atoms receiving more than a binding 
energy E», related to the heat of sublima- 
tion, may be ejected and appear with a 


& Etner,] L Neme 


an еМ, 





characteristic energy distribution having a 
peak at E,/2 and falling off as E^? at high 
energies of ejection E. Integration of the 
distribution leads to the total sputtering 
yield which is inversely proportional to Ey 
and directly proportional to the energy 
deposited by the incident ion in generating 


. atomic recoils near the surface. In a crystal 


the Íattice imposes a structure on the 
spread of momentum In, the ‘cascade, 
focuses momentum into close packed - 
directions and leads to e emis- 
sion. 

"The cascade lasci fora very short liue; 
of the order 10 P s. Afterwards it leaves a 
local heating effect in a region known as 
the thermal spike which may persist for up 
to 107! в. In cases where the density of 
energy is high enough and the binding 
energy is low enough one expects sputter- 
ing by evaporation into a characteristic 
energy distribution, something like a 
maxwellian with a peak at a few tenths of 
1 The spike temperature and 
hence the sputtering yield depends on the 
ambient temperature of Ње solid*. 

-These two basic mechanisms are 
tomplementary to one another, not 
alternatives as Pollitt ef al seem to 
suggest. The cascade component usually 
dominates unless the solid is at a 
temperature approaching its melting 
point, the heat of sublimation is low or the 
bombarding ion is of such a mass and 
energy as to produce cascades of high 
energy density. The main observations are 


' in'accord with thesé predictions contrary 


to the assertions of Pollitt ef al'. The 


`~ energy spectrum of sputtered atoms 


closely follows E^? at high energies over 
many decades, generally has a peak at half 
the sublimation energy^"?' and develops 
а „саш реа, near 0.16У when 

spike ~ ‘conditions are 
оныла The total yield for various 
elemental targets’ with a fixed ion ‘and 
energy is-inversely proportional to subli- 
mation energy. (The dependence on ion 
species for fixed tàrget is a much more 
complex ‘problem. involvihg ion implan- 
tation phenomena)'^. From single crystal 
targets anisotropic emistion is observed '- 
with an widths!*?? and energy dis- 
tributi ! consistent with momentum 
focusing effects. The measurements of 
yield over several decades of ion energy, 
when thermal spike conditions are not 
fulfilled, accurately follow ' cascade 
theory’. They definitely do not correlate 
with the energy deposited in electron 
excitation, which they should if the model 


: proposed by Pollitt et al.' were operating. 


In insulators,-and particularly alkali 
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halide crystals, the characteristics ‘of 
cascade and thermal spike mechanisms ' 


have also been seen’. But there is an 
additional mechanism at work which is 
related to electron excitation, because 
sputtering can be produced by low energy 
electrons and photons”. This has satis- 
factorily been explained™* in terms of an 
exciton model in which a Cl; ion is 
produced with anti-bonding orbitals 
which cause the sputtering, in common 
with the model of Pollitt et al.’, Unlike 
their idea it has been worked out in some 
detail апа T am surprised they do not refer 
to it. т 

In the sputtering of adsorpates, mole- 
cular solids and polymers, experimental 
data are scattered. The fact.that large 
molecular fragments are sputtered and the 
expectation that electronic relaxation 
times are relatively longer than in metals 
gives the model by Pollitt et al.’ a better 
chance. An obvious test would be to 
search for correlation between sputtering 
yield and the electronic stopping power 
for the incident ion, perhaps by varying 
the ion energy over several decades 
straddling the energy where electronic 
stopping power is a maximum (say 
10 keV-1 MeV Н”). 


M. W. THOMPSON 
School of Mathematical апа. 
Physical Sciences, 
University of Sussex, 
Falmer, Brighton, UK 
1. Polit, K R, Robb, J С. & Thome, D W Мам 272, 


436—437 (1978) 
2 Thompsoa, M W Pha! Ма 18, 377 (1968). 


3. Sukonnd, P Phys Rew 184, 383 (1969) 
4 Thompeon M W А Nelson, R 8 Ры Meg 7, 2015 
(1962) ж: Ж ГЕ 

Kelly, R Rad Ef 32,91 ( 10970 
Nokes hf Pd idee 11, 291 (1965) 
Doom, E & MacDonald, R J Rad Ef 13,243 (1972) 
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Tectonic emplacement of 
ophiolitic rocks in 

the Precambrian 

Mona Complex of Anglesey 


THORPE’ believes that the Anglesey 
serpentnite-gabbro ` suite should be 
regarded as part of an ophiolite—and 
therefore tectonically emplaced—because 
of alleged similarities with Tethyan 
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ophiolites. The latter embrace a large and 


diverse collection of phenomena, so that it ' 


is hardly surprising that some parallels can 
be drawn. However, other features seem 
to have been. misrepresented by Thorpe 
and critical differences neglected. 

Apart from occurring on a scale quite 
minute in comparison with Tethyan and 
other ophiolites, the Anglesey suite 


(exposed not at Newborough, but near'- 


Rhoscolyn, grid ref. 277770) does not 
display the diagnostic properties of an 
ophiolite. For example, the serpentinite 
and gabbro show no semblance of a 
layered or sequential arrangement, there 
is no sheeted dyke complex, and although 
cherty sediments and pillowed basalts do 
appear on Anglesey they are distant, both 
geographically and stratigraphically, from 
the intrusive suite. 

Thorpe asserts that aspects of the 
Anglesey suite such as 'finely preserved 
igneous textures' near margins, and 
*absence of evidence for regional thrust- 
ing’ are of ‘widespread. occurrence’ in 
many tectonically-emplaced ophiolite 
complexes'..It seems to me that many 
ophiolites (see ref. 2) are characterised by 
a peripheral tectonite fabric, at least at the 
basal margin, and that geological maps of 
ophiolite terrains are replete with thrusts. 

I disagree that the suite ‘provides evi- 
dence of local rapid uplift, erosion and 
transport’. The country rocks are, on all 
sides, the same, distinctive, deep-water 
lithology which constitutes much of West 
Anglesey. Debris from the suite is not 
found (unlike Tethyan instdnces). The 
melange (olistostrome) occurring else- 
where on Anglesey evinces such proceases 
arising later, but it also seems to contain 
no fragments of the serpentinite-gabbro 
suite, which may have still been at depth. 

I have agreed? that the overall Monian 
association suggests an ultimate oceanic 
or upper mantle origin for the suite, but 
unfortunately the geochemistry cited by 
Thorpe reveals nothing about how the 
material was emplaced. A comparison 
with other, such as Tethyan, ophiolites 
would imply emplacement by obduction, 
although Thorpe seems to envisage some 
(unspecified) mechanism associated with 
plate subduction. The field’ evidence is 
most compatible with the suite being a 
deformed magmatic peridotite-gabbro 
complex. 

“Applying the fashionable soubriquet 
‘ophiolite’ to the Anglesey suite requires a 
worrying stretching of the definition, and 
introduces serious implications for the 
stratigraphy and tectonics of the Mona 
Complex as a whole. 


Ў A. J. MALTMAN 
Dec of Geology, 
University College of Wales, 
Aberystwyth, 
Wales, UK 
1 Thorpe, R $ Natwe 176, 57 (1978) 
Opiuoites 


2 Coleman, R G (Springer, Berin, 1977) 
3 Maltman, A J J geol Soc Lend 131, 593, (1975) 
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Extending the range 
of radiocarbon dating 


THE letter from Hedges and Moore’ on 
laser enrichment of ‘С and its application 
to radiocarbon dating describes a most 
interesting and valuable line of research 
deserving the acclaim of all concerned 
with late Quaternary studies. It may be 
worth pointing out, however, that their 
statement of their expectation that the 
laser enrichment and new mass spec- 
trometric methods will allow radiocarbon 
dating to be applied “well into the last 
interglacial period’* begs a chronometric 
question for the dating of the last inter- 
glacial is not yet known with certainty. A 
more cautious and less pre-emptive 
statement might be to the effect that the 
new methods, by extending the far limit of 
radiocarbon dating to 100,000 years, may 
allow at least a part of the last interglacial 
to be absolutely dated. This is a different 
matter and in view of the importance of 
Hedges' and Moore's work the distinction 
is worth making clear at the outset. 

| RICHARD BURLEIGH 
Radiocdrbon Dating Laboratory, 
Research Laboratory, 
The British Museum, 
London WC1, UK 


1 Hedges, R E M & Moore,C B Natwe 276, 255 (1978) 


HEDGES AND MOORE REPLY—The 
distinction made by Burleigh is well taken. 
In this context it should be pointed out 
that the absolute dating to which he refers 
can only be achieved after reliable cali- 
bration of the radiocarbon time scale for 
this period. Fortunately there are grounds 
for believing that corrections to the 
radiocarbon time scale will not be very 
large’. 
R. E. M. HEDGES 

. C. B. MOORE 
Research Laboratory for Archaeology, 
6 Keble Road, 
Oxford, UK 


1 Smer, M Nate 273, 271 (1978) 


Failure to produce hepatic 
hyperplastic nodules 

in rats by portacaval 
anastomosis and testosterone 


WEINBREN AND. WASHINGTON! 
recently reported the spontaneous 
development of hyperplastic nodules in 
the livers of rats previously subjected to 
portacaval anastomosis (PCA). The 
nodules were found in all rats by 6 months 
post-operation. Others have failed to note 
such nodules in PCA rats and the authors 
suggested that this may be related to the 
difficulty in detecting the lesions micro- 
scopically or to differences in rat strains, 
housing or diet. Ме have examined 24 
PCA rats 10-154 months post-operation 
and have not found liver nodules. Because 
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Table 1 Effects of portacaval anastomosis and testosterone in rats: autopsy data 
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, Relative organ weight 
à Body weight (g) Mean change in’ (% of body weight) Pale Zone П Bladder 
n Initial - ' Autopsy body hey (%) ` Liver Kidney Spleen cells atrophy calculi 
Control 9 637 659 3.46 0.68 0.25 0 70 0 
РСА (Р) 9 492 475* и: | 2.26* 0.78 0.314 4 3 3 
Testosterone (Т) 7 661 585* —84. 3.77 0.861 0.22, 0 0 0 
PCA + testosterone (PT) ' 8 486 429* ,—-11.6* 2 654 1.3... 0.361 4 4 5 
: t(PT-T) .T(PT-P) (PT-P)  t(PT-P) 





*P «0.001; tP «0.01; £P «0.05. 


Weight changes are those from beginning of testosterone treatment. P values are for comparison of treatment against control unless specified (PT-T, 


PT-P), using two-tailed t-test. 


it is known that some androgens pro- 
duce adenomas in humans’ and facilitate 
the development of h Lig а 
іп carcinogen-fed га 

the effect of testosterone ros on A 
rats.. ` 

Male Wistar rats (Charles River) 
approximately 250g were subjected to 
PCA or sham operation over a 24-month 
period. Others were kept as controls. All 
were maintained on Purina rat chow 
Formulab and tap water ad libitum in wire 
bottom cages, four or five per cage. Five 
PCA rats killed 10 months after operation 
did not have nodules. Half of the remain- 
ing rats were given 200 mg testosterone 
enanthate (Delatestryl; Squibb) in sesame 
oil subcutaneously at monthly intervals 
for three doses. The other half received oil 
only (Table 1). There were six intercurrent 
deaths (two PCA, two PCA+T, two T); 
three of these animals were autopsied and 
found to be free of liver nodules. The 
remaining animals were killed one month 
after the last dose and 134-15} months 
(mean 144) after operation. Under ether 
anaesthesia, Evan's blue in saline ‘was 
injected into the spleen and the anas- 
tomosis was considered satisfactory if the 
liver did not darken within 10 s. Other- 
wise the animals were rejected from the 
study. Sham and control animals showed 
no significant difference and the data were 
pooled. 

The livers were examined carefully for 
gross or microscopic nodules. None were 
found in any group. PCA decreased the 
body and liver weights and increased the 
spleen weights whether expressed as 
absolute or relative weight (96 of body 
weight). Atrophy of zone III hepatocytes 
with an increased nucleo-cytoplasmic 
ratio in these cells compared to zone I cells 
was seen in 7 of 17 РСА +Т rats. Scat- 
tered hepatocytes with larger vesicular 
nuclei and pale cytoplasm lacking the 
usual coarsely granular basophilia were 
seen in 8 of 17 РСА x T rats (Table 1). 
These cells were located in plates one cell 
thick and were not clustered to form 
nodules. The spleen in the PCA+T 
groups had follicles similar in size and 
character to those of controls but there 
were more lymphocytes and occasional 
plasma cells in the cords of the PCA 
spleens. Bladder calcul, often accom- 
panied by pyelonephritis, were common 
after PCA. 


гето ла irren n 





Testosterone caused Е. of the 
fur, gross enlargement of the seminal 
vesicles and a decrease in the body 
weights. There was a relative increase in 
liver weight in the PCA group and 
absolute as well as relative increase in 
kidney weight in both PCA and control 
groups. — 

PCA in this study induced liver atrophy 
but not hyperplastic nodules. Strain and 
dietary differences are likely explanations 
for the discrepancies between this work 
and that of Weinbren and Washington. 

We thank Dr Fred Plum for the animals. 

І І. К. WANLESS 
R. W. GLEDHILL 


Departments of Pathology and Neurology, 


Cornell University Medical College, 
New York, New York 
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On йон пваре 


THE total nucleotide sequence of the lac 
repressor gene J (361 codons assigned) 
has recently been determined by 
Farabaugh’. He has found that the codon 
usage is quite different from ‘that of 
bacteriophage MS2 and X174 (1,068 
and 1,346 codons assigned, respectively). 
Nevertheless, assuming that both the 
repressor protein and the phage proteins 
are synthesised rapidly, he concluded that 
the codon usage presumably ; "does not 
reflect a difference i in efficiency of trans- 
lation. As rhentioned also by Faraba 
however, no firm data actually exist/on 
the relative translational efficiency. 
Moreover, even a small effect, difficult to 
reveal by direct methods, can have a 
strong selective value when judged over 
mahy generations. 

Bacteriophage MS2 produces a burst 
size of 5,000 to 10,000 plaque-forming 
units (PFU) per cell, and each virus 
particle contains 180 coat protein mole- 
cules. Consequently, we have argued 
before that MS2 has optimised trans- 
lational efficiency, especially of the coat 
cistron: one of these ways, among others, 
is by the proper.choice of degenerate code 
words*”. It is likely that there exists an 
optimal interaction energy between the 


codon and the cognate anticodon. As a 
result, codons of the type (A/U)+(A/U)- 
Y —where the first and second letters give 
an intrinsically weaker interaction— 
would be stabilised if the third letter is C. 
Indeed, in MS;RNA the N-N-C codon is 
preferred over N-N-U for all codons of 
this type (Phe, Ile, Tyr and Asn)*. Con- 
versely, intrinsically strongly interacting 
codons of the type (G/C)F(G/C)-Y 
should be loosened by a preference for U. 
In fact, N-N-U codons are preferred over 
N-N-C for Pro, Ala and Gly (Arg codons 
are not included as they are recognised by 
an inosine-containing tRNA). 

When we now consider the codon usage 
in the lac] gene, which makes. the lac 
repressor protein at very low levels; we 
find exactly the opposite situation. U as a 
third letter is preferrable to C for codons 
of the weak interaction type (Phe, Ile, Tyr 
and Asn); this is remarkable, considering 
that of third letters 28.6% are C and only 
21.1% are U. Conversely, for the codons 
with a strong interaction in positions 1 and 
2, the third letter is preferably a C rather 
than a U (Pro, Ala, Gly). This seléctive 
pattern of codon usage in the two systems 
is very striking and it would be of 
considerable interest if it could be related 
to a difference in translational efficiency. 
Calos? has shown that the low level òf lacI 
expression can be explained by a low- 
efficiency promoter; as pointed out by 
Müller-Hill et al., one can also easily 
imagine that the low level of constitutive J 
expression is further reduced by some 
limiting step in the translation processes, 
such as selective codon usage. 

WALTER FIERS 
Laboratory of Molecular Biology, 
Ledeganckstraat, 35, 
B-9000 Ghent, Belgium 
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А, S.Marfunin — Physics of Minerals and [бшш 
ao . Materials 


1979. Approx. T38 figures, ^ - Ап Introduction | 
^ 2 bue me ro Translated from the Russian by G. Egorova, A.G. Mishchenko 
Кс 3-540-08982-9 ‚ Solid-state theories and spectroscopy account for the third crucial 
2 А . - change within this century in our concept of the basis of mineralogy 
fos e "Us ^ -~ sand the inorganic materials sciences. This book is a revised, updated, · 
' <апа supplemented translation from the Russian edition, providing a 
„к , 4.. complete system of recent theories of solids as they apply to minerals 
oe alt EE and inorganic materials. Both basic principles and sophisticated new 
geom iu i theories are presented with the mineralogist and materials researcher 
in mind. The book contains extensive references for further study 
. and will be a valuable reference work since each chapter is self- 
` contained. ' 


Ue же Mer ' > "Contents: Guntha Theory and the Structure of Atoms.— Crystal 
oe ` Field Theory.— Molecular Orbital Theory. Energy Band Theory 
el ; ‘and Refleetance Spectra of Minerals. . Spectroscopy and the Chemi- 
Ана ^ cal Bond.— Optical Absorption Spectra and Nature of Colors of 
f SR A '' Minerals.— Structure and the Chemical Bond.— Chemical Bond in 
| Some Classes and Groups of Minerals.— References. 
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| AS. Marfunin = Spectroscopy, Luminescence and 


_ Radiation Centers in Minerals 

: 1979. 170 figures 22tables^ © — Translarited from the Russian by уу. ы with the collaboration 
Approx. 400 pages - ` of the author, 
. Cloth DM 108,—; US $59.40 . > 
ISBN 3- -540-09070-3. f ' Progress in the research of minerals, lunar specimens, addi inorganic 

К materials has been greatly affected-in the past decades by the intro- 
` Prices are subject to change E duction of solid-state- spectroscopy methods. This book examines 
Without notice: - : mineralogical applications of nuclear gamma-resonance (Mossbauer) ` 


spectroscopy, X-ray and electron spectroscopy, nuclear magnetic 
resonance and electron paramagnetic resonance. The luminiscence 
y. og i -. <, ang thermoluminescence of minerals are considered'on the basis of 
crystal field, molecular orbital and energy band theories, as well as 
EPR data. Models of electron-hole centers for many types of minerals 
‚ : ; , and materials are-treated extensively based on molecular orbital theo- 
i TO к | ries and EPR studies. Basic principles are outlined and experimental 
` TP ` data surveyed in each chapter. The bibliography contains 1,023 
. references. to papers-and' books published mostly between 1960 and 
1970. А unique reference, this book breaks new ground in the earth 
i Чеп and presents heretofore largely: inaccessible material.. 


Springer Veg 7 < Contents: Móssbauer (Nucleat Gaii Канаган) Spectroscopy.— 
` Be lin ` X-Ray and X-Ray Electron Spectroscopy.— Electron Paramagnetic 
T , :Resonance.— Nuclear Magnetic Resonance (NMR) and Nuclear 
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New books from CALERA 





The Beagle Record 


Edited by RICHARD DARWIN KEYNES 


This book tells the story of the voyage of H.M.S. Beagle 
round the world in 1831-1836, taken from letters of 
Darwin and FitzRoy, the captain of the Beagle, 
Darwin's diary and books published about the voyage 
in 1839. The text is beautifully illustrated with a 
selection from the original pictorial record produced by 
Conrad Martens, the Beagle’s official artist. Much of 
the material included in the book is published here for 
the first time. This appealing book will be of interest to 
the general reader and to historians of art and science. 
£30.00 net 


Life Sciences in the 
Twentieth Century 


GARLAND E. ALLEN 


This book traces the shift from the descriptive to the 
experimental, laboratory-oriented approach to biology 
in the nineteenth century and shows how many 
modern areas of biology took their stimulus from - but 
ultimately broke away from - Darwinian methodology. 
This interpretative history will be of interest to 
students and teachers of the history of science. 

Paperback £2.95 net 
Cambridge History of Science Series 


Handbook of Phycological Methods 


Physiological and Biochemical Methods 
Edited by J. A. HELLEBUST and J. S. CRAIGIE 


The first compilation of biochemical and physiological 
procedures selected specifically for the experimental 
phycologist and supplied with practical examples of 
techniques applied to algae. The detailed descriptions 
of the methods used and the numerous technical 
suggestions will make this handbook invaluable to 
beginners and experts alike. £18.00 net 


Transmission and Propagation of 
Electromagnetic Waves 
K. F. SANDER and G. A. L. REED 


The modern world relies on communications systems 
dependent on the transmission of information by 
electrical means. The detailed application of the 
underlying theory of electromagnetic waves to 
practical systems has advanced steadily, and the book 
presents those aspects of the theory which are directly 
relevant to the transmission of information in free 
space. This text is suitable for advanced 
undergraduates in electrical engineering or applied 


physics. Hard covers £24.50 net 
Paperback £5.95 net 

Dielectrophoresis 

H. A. POHL 


Over the past twenty years dielectrophoresis has 
become an important tool in mineral, colloidal and 
cellular biological studies. This volume gathers 
together, for the first time, current knowledge and 
applications of the technique. The biological 
applications are a particularly exciting aspect of the 
book, thus making it a stimulating text for research 
workers in the physical, medical and biological sciences. 

£48.00 net 
Cambridge Monographs on Physics 


Semiconductors 
Second Edition 


R. A. SMITH 


While the basic physics of semiconductors has 
remained virtually unchanged, the science and 
technology of semiconductors has advanced rapidly 
over the past decade with a number of striking ` 
developments. This text which provides a 
comprehensive and up-to-date account of the subject 
will be invaluable to advanced students and research 
workers in physics and electrical engineering. i 
Hard covers £27.50 net 
Paperback £8.95 net 


Information Representation and 


Manipulation in a Computer 
Second Edition 


E. S. PAGE and L. B. WILSON 
The book first introduces the basic ideas of 
information and coding theory and discusses how 
single items of data are represented and manipulated 
in computers. The three main classes of data 
structures and the subjects of searching and sorting 
are dealt with.This second edition introduces new 
algorithms and adds further examples with.hints оп 
their solutions. Hard covers £12.00 net 
Paperback £3.95 net 
Cambridge Computer Science Texts 2 
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Nature/nurture between the Wars 


reviews 


William J. Schall 





The Triumph of Evolution: American 
Scientists and the Heredity/Environ- 


ment Controversy, 1900—1941. .Ву 
Hamilton , Cravens, (University of 
Pennsylvania, Press: — Philadelphia, 


1978.) $17.50. 





HAMILTON CRAVENS' The Triumph of 
Evolution describes the sequence of 
events in the United States between the 
two World Wars which he.contends 
led to the resoiution of the heredity- 
environment controversy. Whether, in- 
deed, a resolution has occurred, as he 
asserts, may seem dubious to one who 
follows Nature's book pages and the 
controyersy over the roles of nature 
and nurture in differences in intelli- 
gence, or whatever it is that intel- 
ligence tesis measure. Resolution here, 
however, merely means the - achieve- 
ment of an agreement among natural 
And social scientists that nature and 
nurture are distinct but interdependent 
variables. 

The central theme of this book is 
that: the sudden increase in the last 
decade .of the nineteenth century of 
experimental biology and psychology, 
aided by the emergence of the new 
graduate universities, fostered an aca- 
demic  professionalisation of these 
sciences which had and continues to 
have profound repercussions. It led to 
Changes in educational emphases in 
these institutions and encouraged the 
development of the accoutrements of 
science which we now take for granted. 
Numerous professional societies and 
journals were born, and a scurry ‘for 
research resources begun which per- 
sists unabated. Out of this process, 
Cravens maintains, came consensus. A 
- little lamented casualty was social 
Darwinism, at least in its most stridezft 
forms, whose adherents: waned as the 
new professionals grew in number. ' 

A complicated, somewhat conjectu- 
, ral but nonetheless intriguing series of 
"events and developments 'in anthro- 
pology, genetics, psychology and 
sociology is ‘set ‘forth ‘to’ support: this 
central thesis., Much of Cravens’ argu- 
ment emerges through an analysis of 
the actions and inactions of the promi- 
nent figures of -the time in the afore- 
mentioned disciplines. Some of these 
individuals intrigue him тоге than 
others. Franz Boas is such a case, but 
Davenport, Morgan, Ross, Yeikes, 


Dewey, Watson, Thorndike and Cattell 
—to mention but a few-others—have 
their moments of attention. The activ- 
ities of these. individuals and their 
students are often interpreted, in terms 
of their ethnic, religious and social affi- 
liations. Their contributions to their 
branches of science as-well as their 
academic and social fates are briefly 
limned. Most are treated sympathetic- 
ally with possibly Charles Davenport 
emerging as.the most prejudiced, least 
principled and feast qualified of the 
major personalities. Familiar ]esser 
figures such as Madison. Grant, Harry 
Laughlin and Henry Goddard receive 
short shrift as is their due. To these 
three are ascribed some of the more 
sordid chapters in the eugenics move- 
ment in the: United States and rightly 
зо. ' 27 , ЕЗ - 
Cravens’ is,not the first analysis of 


many of these events. Kenneth Lud- | 


merers’ Genetics and American So- 
ciety: A Historical Appraisal (1972) 
and Mark Haller’s Eugenics: Heredi- 
tarian Attitudes in America Thought 
(1963), for examples, trace many of the 
same developments, and often some- 
what more thoroughly but from quite 
& different perspective. This book 
makes more of. the events which were 
occurring in the new universities, their 
strivings for ‘distinction among their 
peers, and the emergence of a scienti- 
fic community in the New World not 
wholly dependent upon that in: the Old 
for its directions and philosophy. It 
prompts thought on the unusual impact 
that a few forceful personalities may 
have upon a discipline; witness Boas’ 
imprint on anthropology. 

: Cravens’ analysis does not strike me 
as especially disputatious. It is thought- 
ful ‘and built on a serious consideration 
of a variety of materials—btographies, 
letters, journals, society proceedings 
and the like. Few will be able to read 
The Triumph of Evolution and not. be 
exposed to new facts or facets in this 
controversy. The geneticist -will learn 


_of the turmoil his science provoked in 


the social sciences, and should be able 
to appreciate.positions which may have 
merely seemed obdurate in the past. 
Similarly the: cultural anthropologist, 
say, should learn more of the history 
of twentieth-century genetics, and the 
origins of its collective perspective. АП 
will be exposed to parallelisms of which 


A 


most readers will have been previously 
unaware. Many will be tempted to read 
further, and the extensive notes with 
which the book concludes will prove 
invaluable. ' 

This otherwise interesting and gen- 
erally unexceptionable book is marred 
in my wew by two shortcomings. Firat, 
it is unnecessarily repetitive. Much of 
the contents of the chapter “The New 
Biology”. is repeated elsewhere. We are 
told, for example, on p24 of G. Stanley 
Hall's strengths and weaknesses as the 
President of Clark. University and 
much the same material appears again 
on p65. Edward East receives similar 
double treatment on pp51 and 169. 
Others fare in like manner. There is 
moreover a` tiresome repetition of 
labels which brings me to my second 
objection. The Triumph of Evolution is 
flawed by the frequent use of stereo- 
types of people and institutions, We 
read of the white; Anglo-Saxon, Pro- 
testant; the Ieft-lIberal; the gentle Qua- 
ker and- the humble normal school. 
While these may be handy labels and 
often serve a-useful, albeit pejorative 
purpose in political tracts, they seem 
out of place to me in an historical ac- 
count of this nature. H. J. Muller, for 
example, is variously ‘characterised as 
brilliant, а radical, a man with left- 
liberal tendencies. Most who knew him 
would accept all of these appellations 
as valid. But he.could equally well have 
been described as an elitist, an uncom- 
monly gifted investigator with an in- 
credible biological intuition, or a 
teacher who could communicate the 
excitement he found in genetics to stu- 
dents and colleagues alfke. But do any 
of .these labels provide a compelling 
basis for characterising him as one 
who was “quite willing to tolerate the 
eugenics movement and to perhaps 
even support some of its goals so long 
as the movement appeared disinter- 
ested, scientifically credible, and digni- 
fied"? I’m not questioning the attribu- 
tion but merely its justification on no 
more forceful evidence, seemingly than 
a series of labels. These are poor sub- 
stitutes for a penetrating analysis of 
the man. r1 





William J. Schull is Director of the Center 
for Demographic and Population Genetics, 
University of Texas Health Science Center, 
Houston, Texas, 
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Autoimmunity 
Autoimmunity: ' Genetic, Immuno- 
logical, Virologic and Clinical Aspects. 
Edited by N. Talal. Рр .734. 
(Academic: New York, San Francisco 
and London, 1977.) $48. ` 


AUTOIMMUNITY was considered thirty 
years ago as a contradiction in. terms. 
If immunity,: then regarded almost 
entirely to be due to ‘antibodies, 
eliminated or neutralised microbes: and 
other foreign substances which had 
penetrated the body it would be terribly 
dangerous to make antibodies .against 
one’s own tissues: Furthermore, no-one 
had convincingly shown that antibodies 
against self components were normally 
ever-made. Antibodies could indeed be 
induced which reacted with an animal’s 
own spermatozoa, lens protein or even 
brain tissues,.but it was argued (some- 
times correctly) that these were excep- 
tions, as the antigens involved were in 
fact excluded from contact with cells 
of ‘the immune system; and^ when 
brought into contact by infection or by 
injury they were essentially foreign 
With improved techniques, however, 
undoubted autoantibodies were de- 
scribed in an increasing number ‘of 
human diseases, such as haemolytic 
anaemia, thyroiditis, pernicious anaemia 


Microtubules 


Microtubules. By P. Dustin. Pp. 452. 
(Springer: Berlin, Heidelberg and New 
York, 1978.) DM148; $74. 


Ir is now fifteen years since Slaughter- 
back: first coined the term ‘micro- 
tubule’, and. the literature has grown 
expodeatially from a mere two papers in 
1963 to: several hundred .per annum 
today. During this time, there have been 
intermittent review chapters and 
specialised monographs originating from 
symposia, but never a survey encom- 
passing the whole field. Finally, Dustin 
has . written: a. book which deals ex- 
clusively with microtubules, which should 
be in every library,.and which’ will be 
obligatory reading for everyone in- 
terested in microtubules. 

The first half of the book is primarily 
concerned with the structure and bio- 
chemistry of microtubules, the inter- 
actions between microtubules, and micro- 
tubule inhibitors, whereas the. second 
half concentrates on aspects of cellular 
physiology in which microtubules have 
been implicated, such as movement, 
secretion, axonal transport; and of 
course, Mitosis. The book is not without 
its faults: it is for example exclusively a 
summary of the extensive literature and 
is not a-critical appraisal of the work. 


and rheumatoid arthritis. Autoanti- 
bodies became respectable, although it 
was still uncertain in most cases 
whether they caused the disease or were 
a secondary consequence of tissue 
damage, which had resulted in libera- 
iion of specialised tissue components 
that were normally ‘hidden intra- 
cellularly but .were recognised once 
they entered the blood stream. . 
The’ notion that autoimmunity did 
not occur—expressed by Bhrlich’s term 
‘horror . autotoxicus’—had been so 
widely accepted that few had bothered 
to question how the body could dis- 
tinguish self from not self. In terms of 
current ‘biochemical knowledge ‘the 
phenomenon was inexplicable, but .the 


clonal selection theory put forward by ' 


Burnet in- 1959 made sense in terms of 
cell populations. It proposed that: all 
lymphocytes potentially able to make 
antibodies against self antigens were 
eliminated if -they met them during 
foetal life, and that auto-antibodies 
were the products of ‘forbidden’ clones, 
which had undergone somatic mutation 
after the period of obligatory develop- 
ment of self tolerance was over. This 
explanation had the added advantage 
of ‘accounting for the increasing 
incidence of autoimmunity with age. 
However, in immunology few hypo- 
theses remain intact for long. It was 
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Furthermore, it has taken two years to 
produce since Dustin completed his 
search of the literature, and so in- 
evitably many current ideas are absent. 
One example is that the book only 
briefly mentions microfilaments and lacks 
any discussion of a possible interaction 
between microfilaments and microtubules. 


-As such it is interesting to see where 


we were at.two years ago, in the same 
way that the author's earlier book (with 
Eigsti), Colchicine, 15 а fascinating 
account of the field a decade before the 
visualisation of microtubules. A more 
serious fault is the review ‘of the litera- 
ture concerning the biochemistry of 
mictotubules and the kinetics of assembly/ 
disassembly ім vitro, which is superficial 
and which fails to relate the properties 
in vitro to the in vivo behaviour of micro- 
tubules, yet clearly our understanding of 
the role of microtubules in cellular events 
wil develop from such comparative 
studies. t 


‘Finally, the book is written as a 
series of independent chapters, each with 
its own bibliography, with the ‘con- 
sequence that it is difficult to search for 
specific references. Despite these reser- 
vations, this is a book that should be 
read by all cell biologists. Roy Bums 





Roy Burns з Lecturer im the Biophysics 
Section of the Department of Pirnes ime 
penal College, University of London, U. 


р. 


found that normal animals could quite 
easily be induced to develop», auto- 
antibodies against thyroglobulin by 
immunising with cross-reacting thyro- 
globulin, that inbred strains developed 
anti-thyroid antibodies spontaneously, 
and that normal animals contained 
lymphocytes with , surface immuno- 
globulin receptors specific for- thyror 
globulin (and for other self components) 
even though they made no detectable 
antibodies. This implied that a con- 
siderable number .of forbidden clones 
could not have been eliminated. 

New light was shed when it was 
realised that specific T lymphocytes, 
recognising the ‘carrier’ part of anti- 
gens, are required to cooperate with 
B lymphocytes for the latter to secrete 
antibodies against a particular antigenic 
determinant. T lymphocytes are more 
easily inactivated by contact with 
antigen; the specific. helper T. lympho- 
cytes having been eliminated, the B 
lymphocytes able to make autoanti- 
body would only do so if an akternative 
set of helper cells were available. These 
could be.provided by stimulating with 
cross-reacting antigens or self antigens 
altered in some way, such as by viral 
infection. Absence of autoimmunity 
could now be attributed to lack of 
helper T cells. Next came the recogni 
tion of the existence of suppressor T 


. . Nature 25 January 1979 





Editors-In-Chief: A. M. Glazer, Lecturer in Physics at Clarendon 
Laboratory, Oxford, England and R. Smoluchowskl, 
Departments of учса апа l Astronomy: University of Texas at Augen 


"09 . A 


Editorial Board: includes: i | | ; m f 
R. Blinc, /nstitut Josef Stefan, Ljubljana, Vugosiavis kt eM 
G. Burns, Thomas J. Watson Research Center, |. B. M. КУЛК 
Yorktown Heights, New York:. i 

W..Cahn, National Bureau or Standards, Washington DC. - 

. Comés, ‘Université Paris-Sud,: Orsay; France ЖЕ : 

Е. Cox, Brookhaven National Laboratory, Upton, New York 

. D. de Fontaine, University of California, Los Angeles ` 

Feder, /nstitute of Physics, University of Oslo, Norway 

Hewat, /nstitut Laue-Langevin, Grenoble, France 

A. Müller, /. B. M. Rüschlikon, Zürich, Зит дапала 

. E. Newnham, Pennsylvania: State University : A 

. Okazaki, Kyushu University, ‘Fukuoka, Japan E. 


Pesca s und 


Phase Transitions is the first journal devoted exclusively to ih fast growing eee It | 


provides a focus for papers on most aspects of phase transitions in condensed matter. 
Although emphasis is primarily on experimental work, theoretical papers are welcome 
if they |have.some bearing on. experimental results. The areas of interest include 
structural (ferroelectric, ferroelastic, ‘high pressure precipitation, order-disorder, Jahn- 
Teller, martensitic; etc.)..phase transitions, geophysical phase transitions, metal 
insulators, superconducting and superfluid transitions; magnetic phase transitions, 
critical phenomena and physical properties at phase transitions eluding ЛАЧ crystals, 
и applications of phase transitions.. ЖР 


Кы a 5 . á = . 
А, ` rn >. „а а du 2 -~ 2L z 4 


4 issues per volume, postpaid . ue ae A im 
Great Britain £46.00 Elsewhere $93. 00/£51. 50 


To obtain a full brochure on this journal, please use Nature's 
Reader Enquiry Service. The journal may be ordered ibas 
your usual journal agent ог direct. ШШ ov" . 


Gordon and Breach нса Publishers A 
41/42 William IV- Street, 
London WC2N 4DE, England. 


Ciroe-No 06 on Reader Enquiry, Card -. ‚. 





4 


xvi | | | T | Nature 25 January 1979 









1 ` A B P TUE 


: COMPREHENSIVE — 
ORGANIC CHEMISTRY 


The Synthesis and Reactions of Organic Compounds’ 


x 








` Chairman and Deputy Chairman of thé: Editorial Board 


SIR DEREK itl d FRS & W. paving OLLIS, FRS 


OR LP CE - TS н үт ve ‘ - Е 
2 - n ee NEP га 
А WE 









mem 






Quotations from the reviews published in-7etrahedron 1978, Vol. 34, No 23: 


LORD TODD, PRS,Cambrkige, reviewing, Volume ! (Stereochemistry; Hydrocarbons, Halo, ‘Compounds, 
Oxygen Compounds; edited by J.F. Stoddart, Sheffield): ` Lione 
^] confess that | have been much impressed by Volume |, largely, of course, because it’ meets my criteria ere 
reference text for the practising organic chemist . If the other five volumes adequately. perk uw first then - 
Comprehensive ueni Kasse d will flia tong tot neod and Brod be a succes,” ur 
G. OURISSON, SURE: pb V Yane 2 Nitrogen Compounds, Carbonyl Acids, Phosphor Compounds; 
edited by 1.0. Sutherland, Liverpool): A na ooon FEE: 
“The present volume is probably nici o£ tia Сой жк: ith ‘medium-eized’, has a very wide coverage, rollas 
heavily on existing reviews and books, and is definitely up-to-date... Тат convinced that the emphasis is right; that 
the book, and certainly the series, will кене Іп most organic chemical Nación, for quite a long time.” 
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G. STORK, New York, reviewing Volume 3 (uighur, Selenkum; Silicon, Boron, Organometal бөк : 
edited by D. Neville Jones, Sheffield): 
^Judging by this volume, which | take to be ONERE df the whole work, it А clear that every serious: 
chemistry library will have to acquire this set... . Many.transformations that one would like то be familiar with. i 
are now presented in convenient and completely up-to-date fashion. Comprehansive “Organic Chemistry will be 
an all but Se поа и synthetic, explorations.” 








R.U. LEMIEUX, 'FRS; Edmonton, reviewing Volume 4 (Heterocyclic бордо edited by P.G. Sammes, Tondon. 


Thi fine. cónt/ibution well surveys the exceedingly complex and -ramified flald of heterocyclic chemistry while . у 
remaining plasgan tly regdiable _. . It will undoubtedly find extensive usein both industrial and academic libraries. . 
Consi! tants and réesarch chiémilsis should tonsider it for office utaga — the реш а a coherent fashion of a 
yea range кыды; ок has been.made е convenient.” 
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W.S. JOHNSON, Stenford, reviewing Volume 5 (Biological Compounds; edited B E- Hala: — 
"Toa synthetic organic chemist the chapters are not only comprehensible but interesting and highly informative . . . 
This is a first-class treatment of the subject... . Haslam and his colleagues are to be congratulated for producing 
such a magnificent segment of-the Bartori-Ollis magnum opa which indeed ida id а major contribution to 7 
scholars of organic chemistry.” war - КОЗ, 
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JE. BALDWIN,FRS, Oxford, is reviewing Volume 6 (Author, Formula, ре. Reegent, Reaction Indexes, edited by 
C.J. Drayton; Oxford) and his review will be published ‘shortly: wot. 
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cells, which could prevent helper cells 
from being stimulated or from func- 
tioning. Certain strains of animal 
unusually prone to autoantibody forma- 
tion were found to show premature 
loss of suppressor cell function, and the 
regulatory role has been shifted to 
suppressor cells. Instead of self-reactive 
cells being absent we now have to 
consider them as normally present, but 
kept in check by an elaborate feedback 
system. Jerne’s network hypothesis, 
whereby any lymphocyte specifically 
responding to an antigen may stimulate 
a specific response against itself, and so 
on, provides a theoretical model whose 
usefulness is being increasingly re- 
cognised and validated. 

Against this background an up-to- 
date book on autoimmunity was 
needed. The contributors to the present 
multi-author volume are all experts. 
The topics covered in 23 chapters range 
from genetic control of autoimmunity 
in man and other species (including an 
interesting account of the history of 
NZB and NZW mice); ways in which 
autoimmunity can come about covering 
examples illustrating all the various 
mechanisms discussed in the intro- 
ductory part of this review; role of 
suppressor cells; relevance of the 


network theory; other feedback mech- | 


anisms, including blocking factors; 
correlation of autoimmunity with 
malignancy, immunodeficiency and 


with a variety of viral infections; special | | 


aspects of autoimmunity, including 
SLE, rheumatoid arthritis, diseases of 
the central nervous system, and anti- 
bodies against physiologically im- 
portant receptors in thyrotoxicosis and 
myasthenia gravis; a very full account 
of the pathological effects of immune 
complexes; and a final chapter on how 
autoimmune (anti-idiotype) responses 
can be used for positive and useful 
regulation. The level is advanced, but 
the language is reasonably clear and 
the book should be useful for clinicians 
as well as professional immunologists. 
The coverage is not complete (for 
example, there is little about haemo- 
lytic syndromes, skin diseases or the 
gut) but the aspects covered are done 
well. Bibliographies are more than 
adequate, and there is a reasonably 
good index. This book is the best and 
most up-to-date currently available. 

J. H. Humphrey 


J. H. Humphrey is Professor of Immun- 

ology at the Royal Postgraduate Medical 

е Hammersmith Hospital, London, 
K. 





Nuclear power 
engineering 


Nuclear Power. Vol. 1 : Nuclear Power 
Plant Design. Vol. 2: Nuclear Power 
Project Management. By Erik S. 
Pedersen. (Ann Arbor Science: Ann 
Arbor, Michigan; Wiley: Chichester, 
UK, 1978.) £18.60 each volume. 


IN recent years nuclear engineers have 
undoubtedly suffered from a surfeit of 
excitement. After the oil shock of 1973 
nuclear engineers were acclaimed as 
potential saviours, and almost simul- 
taneously accused of plotting the 
obliteration of the planet. Nuclear en- 
gineers have seen their industry expand 
at breathtaking speed, only to watch 
now as it threatens to subside like a 
punctured balloon. Nuclear engineers 
hear politicians proclaiming the won- 
ders and prestige of nuclear enterprise, 
while ducking as the groundlings throw 
eggs. Nuclear engineers might well 
welcome a little boredom. If so, may I 
prescribe two volumes of Erik Pedersen, 
taken at bedtime? 

Given a topic as potentially engross- 
ing as nuclear energy—fascinating 
phenomena, virtuoso engineering, 
daunting challenges of every kind to be 
met—it cannot have been easy to write 
950 pages of unrelenting tedium. But 
both volumes of Pedersen's Nuclear 


Power read like computer printouts, an 
avalanche of factual information recited 
in a dogged monotone, in which even 
the most ingenious intricacy is em- 


balmed lifeless on the page. Indeed both |. 


volumes of Nuclear Power read dis- 
concertingly like each other. The first 
is called Nuclear Power Plant Design, 
the second Nuclear Power Project 
Management; but perhaps one-quarter 
of the text in the second volume is 
lifted verbatim from the first, without 
any apparent indication of this repeti- 
tion. The unwary purchaser may react 
more emotionally to the text when he 
realises belatedly that he has unwit- 
tingly paid for two helpings of it. 

It is not, in any case, clear just who 
is expected to read the books. The 
Preface to each volume opens with the 
statement that it “is intended to be 
used as a working reference book for 
management, engineers and designers, 
and as a graduate-level text for engin- 
eering students. The book is designed 
to combine theory with practical 
nuclear power engineering and design 
experience, and to give the reader an 
up-to-date view of the status of nuclear 
power and a basic understanding of 
how nuclear power plants function”. A 
much better writer than Mr Pedersen 
would be hard pressed to find a level 
at which all these disparate objectives 
could be even minimally met. As a 
result both volumes of Nuclear Power 


include far too much material that Circle N 
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Antony Milne 
Directly related to the economic 
growth of a country, noise is a 
modern problem approached dif- 
ferently in every continent but 
universally misunderstood or 
ignored. Antony Milne assesses this 
dangerously underestimated pollut- 
ant and offers partial solutions... 
society has to pay some price for its 
progress. 
07153 7701 9 £5.95 
UNDERSTANDING 
FUTUROLOGY 
An Introduction to 
Futures Study 
Alan E Thompson 
Imagine a world in which every 
possible, indirect, seemingly 
unconnected consequence of a 
proposed action is evaluated ...a 
world in which the progress of 
science and technology ceases to 
amaze, its accompanying problems 
and pollutants cease to dismay. 
Intelligently directed effort could 
lead to an improved — perhaps 
more human — future. 
0 7153 7761 2 
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Aubrey Jones 
For astronomical problems which 
demand accurate solutions in a 
minimum time, the electronic cal- 
culator once again proves itself 
invaluable to the modern scientist. 
Sidereal and mean time, reduction 
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and planetary co-ordinates are just 
some of the subjects covered with 
fully demonstrated methods for 
both algebraic logic calculators and 
those employing Reverse Polish 
Notation. 
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would go far over the head of the 
reader desiring “а basic understanding" 
-—unexplained references to “еїдеп- 
values” and other jargon, and some of 
the most hair-raising equations ex 
machina ever put to paper, with no 
hint of derivation or underlying as- 
sumptions—while omitting to provide 
essential detail which any responsible 
designer, engineer or manager would 
require before making: use of much of 
the information in the books. 

Volume 1 opens with a chapter on 
nuclear reactor theory, which at once 
undermines the reader’s confidence by 
getting a well-known number wrong: 
the Trinity test took place not on 6 
July but on 16 July 1945. It may be 
merely a -typographical error, but any 
book with as much undefended numeri- 
cal data as this cannot afford such a 
demoralising error on page 2, This and 
subsequent chapters might serve as a 
recapitwation for those who already 
know the subject and simply need to 
have their. memory refreshed; but. the 
explanations will require much expan- 
sion by any student using the book as 
a first-time text. The questions at.the 
chapter-ends might have been drawn 
from the author's draft outline: “1. 
Explain the buildup of atomic struc- 
ture. 2. Explain the atomic number 
and mass number. 3. What is an iso- 
tope? ...” and so on. A student could 
regurgMate the foregoing text verbe- 
tim—but might not have the faintest 
idea of its meaning. The chapter on 
‘Nuclear reactor design’ uses the word: 
‘design’ as a noun, not as a verb; no- 
where is there any effort to discuss the 
actual process of nuclear design. 
Instead there are reams of description, 
naming of the parts There are chapters 
on ‘Types of'^ nuclear power. plants’ 
(mostly repeated in Volume 2) and 
licensing (ditto, and entirely taken up 
with US procedures), on shielding, 
containment, steam and turbine cycles, 
electricals, instrumentation, and radio- 
active waste management. Volume 2 
also includes chapters on safety 
analysis, project: services; quakty 
assurance, scheduling and plant opera- 
tion, nuclear fuel management and 
plant cost management. Appendices list 
terminology and US regulatory guides. 
Unfortunately the, index is skimpy, 
making the books less useful even as a 
concise nuclear encyclopaedia. 

The economic information is alarm- 
ingly erratic. “The annual fuel expense 
equals about $25/kWe, which, over 
30 years of plant life, implies expendi- 
tures of $750/kWe for nuclear fuel": 
only if you buy all the fuel at the begin- 
ning, or ignore the entire process of 
discounting and the economic track 
record of the ciwl nuclear industry. 
Similar flat statements of purported 
economic fact could be disputed at 


great length. So could the declaration ^ 


of faith with which the author con- 
cludes the books: "Nuclear' power is 
the safest, cleanest and least expensive 
energy sourcé' available today and in 
the foreseeable future. We must, there- 
'fore, take advantage of it." Given the 
losses so far sustained by those engaged 
in civi nuclear power worldwide; it is 
not clear who is taking advantage of 
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whom. However, it is unhappily clear 
that these two volumes will do little 
to raise the flagging esprit de corps of 
Mr. Pedersen’s colleagues, пог entice 
fresh blood into the enterprise.. 

Walt Patterson 





Walt Patterson is energy consultant to 
Friends of the Earth (London) Ltd. 





Annelid ` 
physiology 
Physiology of Annelids. Edited by P. J. 


Mill. Pp. 683. (Academic: New York 
and London, 1978.) £28; $58. - i 


Tuis book should probably be com- 
pared with the Annelid volume of 
Florkin and Sċheer’s series on Chemical 
Zoology, the clósest thing we have had 
until now to a volume оп 'annelid 
physiology. Happily, only 5 of the' 14 
chapters in Mill's volume cover topics 
previously reviewed, and only two of 
these are by the same authors (Clark 
on systematics and Oglesby on osmo- 


.regulation). Comparable reviews must 


otherwise be sought in volumes devoted 
to specific physiological systems (for 
example, respiration and reproduction); 
there, in fact, they may be somewhat 
more useful, as physiologists are more 
often interestéd primarily in their 
physiological specialty and less fre- 
quently interested in results in all fields 
of physiology from a specific group of 
animals 


The volume has unfortunate tech- 
nical ‘flaws (smeared print оп а number 
of pages in my copy) and’ numerous 
distracting errors in grammar, punctua- 
tion; and figure labelling (especially in 
tHie'editor's chapter) which detract from 
the flow of the text. These are їп addi- 
tion to frequent, obvious typographical 
errors. 

Richards’ chapter on the epidermis 
and cuticle ‘is a welcome summary, 
although more might have been in- 
cluded on gland cell ultrastructure, and 
several erroneous statements on seta 
formation in reproductive forms of 
polychaetes are included. Mill: provides 
a list of most of the information.avail- 
able on sense organs and their asso- 
ciated pathways, “but offers little 
synthesis, ` 

‘Tashiro and Kuriyama’s mistitled 
chapter on neurosecretion is really a 
good review of synapses and neuro- 
transmitters as they occur in annelids. 
Annelid -neurosécretion in- the ‘neuro- 
endocrine, peptidergic sense has been 
reviewed several- times in recent years, 
but neurotransmitters have been some- 
what neglected; thus, the chapter is 
miore useful than the title woud lead 
one to believe, 


Olive and Clark’s chapter on re- 
production nicely complements the 
only other recent review of this subject. 
Division of annelid species into mono- 
telic and polytelic groups (that is, those 
which breed only once and those which 
breed more than. once) provides an 
interesting touchstone especially for 
the analysis of polychaete life cycles. It 
particularly illuminates the various 
possibilities for physiological ‘control. 
Polychaete diversity 1s as evident in 
reproduction’ as it is in feeding: habits 
and external stricture and this classi- 
fication offers an opportunity to andlyse 
this diversity on a rational basis. 

‘In separate chapters, Weber discusses 
both respiration and the respiratory 
pigments. His. approach is functional 
and he provides a good summary of the 
abundant recent work, especially on 
the pigments and their function. The 
diversity of polychaete life styles and 
respiratory pigments provides interest- 
ing material for the investigation of 
physiological and biochemical adapta- 
tion, and enough work has now been 
done in this area to aketch the broad 
outline of different probable physio- 
logical strategies in different respiratory 
stress situations. Mangum provides a 
critical, constructive review of the 
related area of temperature adaptation. 
These chapters emphasise polychaete 
diversity and wiH doubtless command 
a good audience. 

-In an unusual chapter on defence 
mechanisms, Dales reviews several 
neglected, and somewhat disparate 
topics including wound-healing (a 
neglected component of regeneration), 
responses to both parasites and micro- 
organisms, and, briefly, graft rejection 
and immunity. 

Ogiesby’s exhaustive and critical 
review of salt and water balance 
physiology again emphasises  poly- 
chaetes-and their, diversity. This chapter 
ought to stand for some dme as the 
definitive statement of our knowledge 
in this area. 

Considering -the cost of a volume 
such as this, both the reader and the 
contributing authors, have a right to 
expect better quality, from both the 
editor and the publisher. 

Paul C. Schroeder 





Paul C Schroeder is Associate Professor 
of Zoology at Washington State Untver- 
sity, Pullman, Washington. 
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Manne Siegbahn, 1886-1978 


MANNE SIEGBAHN, who died on 24 
September 1978 at the age of nearly 92, 
was one of the great leaders in the 
development of experimental atomic 
physics during the first half of this 
century. He is known in particular for 
his pioneering work in X-ray spectro- 
scopy, for which he was awarded the 
Nobel prize in 1925, and as an eminent 
organiser of research in experimental 
physics in Sweden, where he created 
and led very productive research 
groups at Lund (1914-1923), Uppsala 
(1924-1937) and Stockholm (1937- 
1964). 

Siegbahn began his academic career 
in 1906 at the University of Lund 
where J. R. Rydberg was then pro- 
fessor in physics. His dissertation in 
1911 (on magnetic field measurements) 
had no connection, however, with 
Rydberg's famous work on series in 
atomic spectra, nor had it any bearing 
on Siegbahn's future line of research. 
At that time, atomic physics was in 
a state of rapid development. In 1913, 
Bohr's model of the atom, based on 
Rutherford's nuclear atom and the 
radiation laws of Planck and Einstein, 
had quantitatively explained the hydro- 
gen atom, but no clear path through 
the jungle of amassed data on other 
atomic spectra was in sight. 

A more promising way of getting 
an insight into atomic structure seemed 
to appear when Moseley, in 1914, by 
using the newly discovered Bragg re- 
flection from crystals was able to 
measure the wavelengths of the X-rays 
emitted by different elements and 
found their very regular dependence 
on the atomic number. Siegbahn saw 
the possibilities of this approach and 
immediately put the available resources 
of the laboratory in Lund into the 
development of X-ray spectroscopy 
Showing for the first time his remark- 
able aptitude for instrument design 
Siegbahn developed to perfection the 
crystal spectrographs and the X-ray 
tubes as well as the vacuum technique 
which was a big experimental problem 
in those days. He transferred his own 
enthusiasm to his group of students, 
and the laboratory in Lund became a 
centre for X-ray spectroscopy which 
attracted researchers from тапу 
countries. 

As a result of a decade of hectic 
activity the knowledge of the X-ray 
spectrum of different elements was en- 








riched with many details, the range 
extended toward short and long wave- 
lengths within the limits set by the 
crystals, a mew series (M) was dis- 
covered and the wavelength measure- 
ments were improved step by step to 
a high degree of precision. For 
practical reasons the wavelengths had 
to be expressed in a special (Siegbahn) 
unit based on an assumed value for the 
lattice constant of the crystals. The 
experimental technique was described 
and the observational data collected in 
Siegbahn’s book Spektroskopie der 
Róntgenstrahlen that went through 
several editions, each time revised and 
extended, and became the bible for 
workers in this field, 

Having been acting professor and 
head of the laboratory since 1915 
Siegbahn was appointed to the chair 
in 1920 after Rydberg's death. In 1923, 
however, Siegbahn accepted an invita- 
tion to the chair of physics at the 
University of Uppsala, where he soon 
assembled a new group of devoted 
students. Although X-ray spectroscopy 
remained for some time the main 
interest, other more or less related 
activities were initiated. Among them 


obituary 





was the determination of the funda- 
mental atomic constants, leading, for 
example, to a considerable revision of 
Millikan's oil drop value for the atomic 
unit of electric charge. 

Around this time it had been shown 
that X-rays could be diffracted by ruled 
gratings if the rays made a small 
enough angle with the reflecting sur- 
face (grazing incidence). Realising the 
possibility offered by this method to 
extend the observable range of X- 
ray spectra, Siegbahn built in 1928 
a  grazing-incidence concave-grating 
spectrograph which had the character- 
istic features of a Siegbahn design : it 
was simple, efficient and easy to work 
with. It proved its value and was fol- 
lowed by several similar instruments of 
increasing size. Besides amply fulfilling 
the hopes of extending the range of 
X-ray spectroscopy, these instruments 
effectively opened up the almost in- 
exhaustible field of investigations into 
the 'optical' spectra of highly ionised 
atoms. The gratings used in these 
spectrographs were ruled on a ruling 
engine of Siegbahn's own design 

In 1937 Siegbahn moved to Stock- 
holm to become director of a new 
research institute created for him by 
the Academy of Sciences with financial 
support from the Wallenberg founda- 
tion and the State. Established as a 
department of the Academy's Nobel 
institute it became generally known 
as the Nobel Institute for Physics 

Anticipating the coming importance 
of nuclear physics which began to de- 
velop during the first half of the 1930s, 
Siegbahn planned the new institute 
especially for research in nuclear 
physics which up to then had been 
almost completely neglected in Sweden. 
The institute was equipped with one of 
the first cyclotrons in Europe and with 
excellent facilities for nuclear spectro- 
scopy. For the third time Siegbahn 
managed to assemble a large group of 
able collaborators and made the Nobel 
Institute a centre for nuclear research 
of high international reputation. Sieg- 
bahn formally retired from the direc- 
torship in 1964, at the age of 78, but 
continued to maintain a keen interest 
in the activities of the Institute 

Manne Siegbahn’s success as a 
research leader was founded on a deep 
interest in the subject matter as well 
as a feeling for the potential fertility 
of a field and an unhesitating readiness 
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to take up new lines of research: Ax | entists. One of his own research as- 
a designer of instruments: he saw the’ jsociates (J. C. Kendrew) became a 
essential functional requirements and i.Nobel laureate, and many others 
found the most direct way. of. solving | . reached distinguished * heights. They 
‘the problems. In: his Contacta with. were taught at the time when bis own 
people Siegbahn was a man of few experimental contribution was at its 
words, but what he said was always apogee: at a time when he wrote the 
to the point and his quiet mánner-was  often-quoted ‘the complete physical 
not to be taken as a sign of timidity. chemist blows his own apparatus and 
On the contrary, he possessed the Jarge'.. solves his own equations." 
amount of contagious, self-confidence 
needed for bold, enterprises, Siégbahn his scholarly authorship of texts which 
‘took little interest іп, Гога}, ching were widely acclaimed. Moelwyn- 
and be gave, his research’ students ~ a Hughes wrote about his chemistry with 
great deal of freedom in; their- work, "ће consummate skill of the accom- 
at the same time ‘keeping them aware. ‘plished . creative artist. His dignified 
of his generous encouragenréat. | fluency, together with his wit, perci- 
pa Bengt Edlén * pience and perspective, was altogether 
dis 2 ign M refreshing in jts originality and impact. 


б. entitles of the physical world, were 
E. A. Мону Hughes vog 


frequently endowed with human 
qualities; and he ‘contemplated the 
WiTR. the | death, ` "on 10  September-* , beauty, magic and mystery of their 
1978, of Emyr Alun. Moelwyn-Hughes, behawour in the best traditions of the 
Fellow of Darwin College and for many natural philosopher and poet. He had 
years Lecturer in the University . .of the innate feeling for the right turn of 
Cambridge, the world of chemistry ‘has · phrase. On listening to him, or reading 
lost one of &s luminaries. . “+ his werk, one was. impressed by the 
He.was.born in Cardigan. dn 1905-1 * freshness of his metaphors, which were 
one of the, six -children of the Rev. " invariably newly . And he 
Dr J. G. Moelwyn-Hughes, a well 
known, Welsh Presbyterian minister the rhythm of “his sentences. His 
and ` hymnologist. After a remarkable physical chemistry was described with 
career as.a student in the University the right words-in the right order. Some 
of Liverpool, who awarded him a DSc of the gems that constitute part of his 
at the age.of 28, and where his interest. legacy trip off the: tongue: ‘Energy 
in kinetics was. first. aroused | by Prof. among molecules is like money among 
W. C.,McC. Lewis, he went Чо men; the rich are few, the poor 
: Magdalen College, Oxford ‘as -4851 numerous.’ ‘Belief in the essential 
Exhibitloner. ` Tæ., simplicity of things is one of'the 
. It, was there, alongside С. N., chemist's articles of faith." And con- 
Hinshelwood with whom he: collabo- - sider his discussion of the self-evident 
rated, that work on solutjon ` . fact that ‘the liquid state of matter is 
chemistry , and the comparisom of the! intermediate between the solid and 
rates of change in fhe gaseous and gaseous states. ‘Like à central party 
liquid state first flourished. His interests іл politics or a moderate denomination 
soon encompassed ` lonic reactions, Чп religion, the .ljquid state is less 
enzyme catalysis, the isotope effect and rigorously defined and тоге difficult 
the general theory of solutions. The 'to understand than either of the ex- 
first of his classical texts The Kinetics : tremes that flank it.’ ^ - 
of Reactions in _Solutions, ‘which His introduction to. the Everyman 
greatly , influenced ` the: subsequent Edition of. The Sceptical " Chemist 
development of the subject, - Was (1963) is a model of succinct historical 
published. іп. 1933, at about the’time exposition. In asking when the dis- 
- when: he embarked, on а year’s соПабо-: , covery of the inverse relationship be- 
ration with..K., F. Bonhoeffer, at the: tween pressure and volume was made 


Institut für, physikalisché , Chemie; гапа who was Robert Boyle, he wrote: 
Frankfurt. . "He. flourished in the ‘seventeenth 
. In, 1934 he moved to the University: century, . that turbulent ‘time of 


of Cambridge’ where,- -арагї from ; the pestilence and fire. so amply described 
war years when,he was: associated with by Evelyn and Pepys, when Bunyan 
the Ministry of Supply, he’ ‘remained wrote in Bedford jail and Penn left 
for the rest of his life, except for short England's shores, when Milton sang 
visits abroad. He held’ the, Messel- hi» Paradise Lost and ‘Wren built 
Fellowship of, the Royal Society ' from London's: churches, when Britain's 
1936 to 1940, and later became а Vice monarch was overthrown and Cromwell 
President of the Chemical: Sociéty. . made Profector.’ His book-reviews were 
'As a teacher in Càmbridge, and- "as also delightfully composed. 
an, extraordinarily” successful author ofi- ' Moelwyn-Hughes was greatly ad- 
several. standard texts, he influenced: mired by many. He was appreciated. as 
' the careers ‘of countless -young sci- a significant figure in twentieth century 


But he will be remembered best for 


obviously relished the act of regulating: 
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physical chemistry. His coruscating, ‘if 
sometimes caustic, wit was much. 
enjoyed (and occasionally feared) as 
was his superb storytelling gift; and 
very many including those Welshmen 
who got to know him at the University 
of Cambridge Welsh Society (Cym- 
deithas y Mabinogi), valued his warm- | 
hearted friendship. . 

. His illness was prolonged: for many 
years he was struck with immobility 
and incapacity. During that time he 
uttered not a syllable of complaint; and 
throughout it all he was nursed with 
profound affection and care by his 
devoted wife Mair who, along with his 
twin sons Edmwnd and Rolant, survive 
him. t J. M. Thomas 


F. C. Fraser 


Dr FRANcis CHARLES Fraser, CBE, 
FRS, Polar Medal 1942, a cetologist of 
international distinction and Keeper of 
the Department of Zoology at the 
British | Museum (Natural History) 
from 1957 to 1964, died on 21 October 
1978 at the age of 75. A graduate of 
Glasgow University, where his interests. 
had been in both zoology and geology, 
his love of the sea and an appropriate 
opportunity sent him to the Antarctic 
and South Georgia from 1925-1933. 
His early work with the "Discovery 
Investigations’ .was on the development 
and distribution of the young stages of 
Euphausia (Discovery Rep. 1936, 14, 1). 

From the time of his appointment to 
the museum in 1933-as an Assistant 
Keeper, Fraser devoted his research-to 
various aspects of cetology. He took 
over the Reports on Cetacea, stranded 
on fhe British Coasts which had been 


"initiated in 1913 by Sir Sidney Harmer. 


This involved the development of com- 
munications. between coastgudrds and 
other authorities and the museum, and 
then recovery, Identification, measure- 
ment, and preparation of specimens. to 
ensure the fullest scientific use of each 
stranded cetacean Successive Reports 
were published in 1934, 1946, 1953 and 
1974. ` Each contained analyses of 
strandings by species, site and distribu- 
tion, number per month, estimated age, 
time of birth and summaries of many 
other: findings useful in building up 
facts about the life histories of 
cetaceans. Altogether (from 1913-1966) 
1,550 .cetaceans were identified by 


“Harmer and Fraser. These reports have 


been so valuable that' other countries 
have begun to publish similar records. 

During the. Second World War, 
Fraser worked at the Admiralty. After- 
wards he joined the ‘Atlantide’ expedi- 
tion (1945—1946) and studied cetaceans 
off the coasts of West Africa. He soon 
confirmed: his. reputation as a leading 
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cetologiX, especially оп the often 
‘difficult decisions -of identification: 
people from all parts of the world came 
for his help. His numerous:taxoromical 
noted, mostly on rarer species, provided 
clarification where there was usually 
utter confusion. 

In 1956 ‘he described a species of 
dolphin Lagenodelphis hosei from a 
single skeleton collected before 1895 on 
a beach in Sarawak. From 1971 on- 
wards: sightings'and captures have -been 
mede in widely scattered parts of. the 
world .to ‘rediscover’ what is now 
known as Fraser's dolphin ' 

He contributed original observations 
‘on’ the anatomy, especially cranial 
"osteology, and morphology of many 
cetacean species and made use of 
stranded animals ' brought to, the 
«museum both for research and display. 
The Whale Hall's present existence and 
its popularity owe much’ to Fraser’s 
‘desire to .educate the public about 
“whales and dolphins He also supported 
many of the early enterprisés'to exhibit 
live dolphins. His informative museum 
guides to British cetaceans and his 
Splendid book with J R Norman, 
Giant Fishes, Whales. and panne are 
meticulously accurate 

A ‘substantial work was that , with 
P' E. Purves on Hearing in Cétaceans 
(Bull. Brit. Mus (Nat. Hist.) Zool 
1960, 7, 1) This dealt with anatomical 
and experimental evidence to de- 
monstrate that hearing was by way of 
the external auditory meatus, it was 
_precisely discriminative and diréctional 
and the ‘cetacean саг -was sensitive to 
a wide Fange of fréquencies. The 
elaborate sinus system was shown to be 
an extension of the middle ear cavity 
‘and could be a guide to the systematic 
ла nes шав: of the Order Cetacea. 

` Fraser had:.a deep ` interest in the 
history of cetology and wrote about 
Peter Mundy's ‘Greenwich Whale, of 
1568, early -Japanese whaling, William 
Scoresby Junior.and on the Grey Whale 
in Icelandic «waters. His last contribu- 
tion (1977) was on 'Royal Fishes: The 
Importance of the Dolphin’. This paper 
contained a lifetime’s research and re- 
flection on the Royal Prerogative in 
Britain which he had traced back ds 
far as the, 13th century. 

' Fraser "was proud of his Dingwall 
stock- and delighted in being a pawky 
Scot of the dry, humorous kind; yet 
ithere was nothing but solicitude айпа 
generosity about him, consideration for 
'anyone deserving of it and an unrelent- 
ing determindtion to see justice done. 
‘It could well have been of him that 
Herman Melville wrote: ‘But. І have 
swam through libraries and sailed 
through oceans, I have had to do with 
"whales with these visible hands; I am 
ih earnest; and I will try.’ 

Ra J. Harrison 


~ing at Mill 


A. S. McFarlane 


ARTHUR SPROUL McFARLANE, Head of 


the Biophysics Division at the National' 


Institute for Medical Research from 
1945 to 1970 died on 4 October 1978., 

He was born in Glasgow on 18 April 
1905. He took Ist class honours in 
biochemistry at Glasgow ‘University in 
.1928, and qualified in medicine in 1931. 
From 1931-33: he was biochemist at the 
Glasgow Royal Cancer. Hospital, and 
was elected to a Beit Memorial Fellow- 
ship, in 1933 їо work in Uppsala under 
Professor The Svedberg on the use of 
the «recently. developed oil-turbine 
ultracentrifuge. The studies which he 
made of d wide Tange of serum proteins 
illustrated the potential of this new 
technique for the characterisation of 
normal and pathological por in 
mixtures. - 

- When the Rockefeller Foundation; 
anxious to make the instrument avail- 
-able to other laboratories, offered one 
to the Lister Institute, McFarlane 
joined the Institute to continue -His 
Beit Fellowship and to supervise the 
installation of the Svédberg machine in 
‘a specially constructed building. The 
installation was ‘completed in- 1937, by 
which time ће, had become a member 
of the Lister Institute staff and had 
been joined by R. A. Kekwick. They 
also acquired ‘the newly déveloped 
Tiselius electrophoresis apparatus— 
. both ‘instruments being the-first of their 
kind in the UK—and in 1938 published | 
the first paper arising from their ‘use 
.on the “Physical properties of bushy 
stunt virus" recently crystallised by 
.F C. Bawden and N. W. Pirie. T 
` Further work on vaccinia virüs was 
interrupted Бу ‘the war, when his 
attention changed to devising a means 
for preparing stable human plasma for 
transfusion.’ He invented a novel means 
of removing unstable lipids by freezing 
below —25 °С with ether, and went 
ofi to design large scale freeze, drying 
plant This was done at the L.C.C. 
Serum Institute, Carshalton,: where pa 
laboratory ‚һай been transferred . 
1941. ° Е 


requested by the National Institute for 


‚ Medical Research to "supervise ' the 


design and ` installation " of special 
services, including one of the early 
electron: microscopes, in the new build- 
Hill (built in 1938 but used 
meanwhile by units of the Women’s 
Royal Naval Service and finally 
occupied іп· 1950). 

When in 1945 the US Atomic Energy 
Commission announced that radio- 
isotopes produced in uranium chain- 
reactors would be available for peaceful 
uses to scientists all over the, world, 
McFarlane was.sent by the Medical 
Research Council to ‘negotiate the 
supply. of radioisotopes for-the UK. 


^chussetts Institute of 


.from: labelled urea and 


In 1943. McFarlane's services. were " 
.Scotsman, with what might nowadays 


335 


Hopes were rudely shattered by the 
passage in 1946 of the McMahon Act 
forbidding exportation from the US of 
all radioactive materials produced in 
atomic piles, but McFarlane through 
his friendship with Robley Evans, in 
charge of the cyclotron at the Massa- 
Technology, 
managed to obtain. sufficient "P to 


-allow research workers here to get the 


feel of radioisotopes and experience in 
design of counting instruments. 

In 1947 he was again sent to the US 
and to Canada to negotiate purchase of 
other radioisotopes and this mission was 
entirely successful. (A fuller ‘account 
appears in an article by Professor 
George Popjak in Trends in Віо- 
chemical Sciences, October 1976.) 

By the time that the N.LM.R. finally 
moved to Mill'Hill in 1950 McFarlane 


hád been responsible for making it the 


best equipped medical rescarch labora- 
‘tory in England in respect of bio- 
physical instrumentation. By designing 
an elaborate but efficient apparatus for 
counting “С after combustion to “COQ; 
and installing:a mass spectrometer he 
also gave his colleagues a headstart in 
‘the use of the radioactive and stable 
isotopes then available. 

. His own interests became  con- 
7 centrated on studying the metabolism 
of plasma proteins, using “С and radio- 
lodine as trace labels. He devised a 
method for labelling proteins with 
radioiodine, which avoided denatura- 
tion and by studies on antibodies in 
“collaboration with J. H. Humphrey 
showed that biological activity and “С 
internal and‘™I external labels were 
'catabolised ‘at identical rates. This 
validated radioiodine labelling and led 
to'a series of definitive measurements 
on the turnover of several plasma 
proteins 4n normal and sick subjects, in 
which McFarlane collaborated with 
workers in Britain, the USA and else- 
where. He also developed an ingenious 
method for measuring plasma protein 
synthesis in vivo involving simultaneous 
measurement of incorporation of "C 
uc from 
bicarbonate. ben 

By’ temperament. he was a shrewd 


be considered an old fashioned outlook 
on life, but certainly capable of enjoy- 
ing it. He was at his best when devising 


apparatus or techniques, and. would 
.have made his mark in industry had he: 
"chosen this career. Although his own 
-approach to biological problems was 


simple (sometimes over-simple) -and 
“mathematical, he greatly helped many 
biological colleagues by providing them 
.with technological back-up at a time 
when the array of sophisticated equip- 


.ment nowadays, provided by scientific 


instrument manufacturers was not 
available. 


‹ ae `1. H. Humphrey 
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newly on the market 





Nitrate electrode. Electronic Instru- 
ments. A nitrate electrode has been 
added to the range of ion-selective 
electrodes of Electronic Instruments. 
Model 8006-2 is of the capsule design 
ensuring easy assembly and minimal 
maintenance. The new ion exchanger 
used gives improved selectivity for 
NO; in the presence of СГ, an impor- 
tant breakthrough in nitrate determina- 
tions in sewage and industrial effluents. 
Circle No. 47 on Reader Enquiry Card. 


Nuclear magnetic resonance spectro- 
meter. Perkin-Elmer. Perkin-Elmer 
announces the model R-600 high- 
resolution, Fourier Transform NMR 
spectrometer. A high stability perma- 
nent magnet provides a 14,092 gauss 
field for proton observation at 60 MHz. 
Combined with an easy-to-use micro- 
computer data system to control instru- 
ment functions, the R-600 offers users 
the capability of obtaining NMR 
spectra, in a routine manner, on quan- 
tities of 500 mg or less, at half the 
cost of existing Fourier Transform 
instruments. High resolution spectra 
over long-term accumulation are possi- 
ble with the model R-600 through the 
use of an internal deuterium field/ 
frequency lock that provides a field 
stability within a few tenths of a Hertz. 
System resolution is 0.5 Hz. Integration 
accuracy is 2.5% (5% ethyl benzene). 
Circle No. 48 on Reader Enquiry Card. 


Regulator. Tescom. Tescom 44-2200 
series regulators are designed to pre- 
vent contamination of high purity 
systems and provide accurate regulation 
of any corrosive or noncorrosive gas or 
liquid. For corrostive applications, all 
media wetted parts are type 316 stain- 
less steel or Du Pont Teflon. High 
purity systems are further protected 
from contamination through metal-to- 
metal sealing of diaphragm between 
body and bonnet. Soft seals are not 
used. Models are available for primary 
pressures of 3,000 p.sig. and 400 
p.s.i.g. with choice of secondary pres- 
sure ranges of 0-25 p.s.i.g., 0-50 p.s.i.g. 
and 0—100 p.s.i.g. Gauge ports standard 
on cylinder regulators. 

Circle No. 46 on Reader Enquiry Card. 


These notes are based on information 
provided by the manufacturers. 


For 
further details circle the appropriate 
numbers on the Reader Enquiry Card 
bound inside the cover. 





Constant temperature circulator. 
Techne. In response to the frequent 
need in the laboratory for a small low- 
cost compact constant temperature 
circulator, Techne has introduced the 
Model SP670 open tank circulator. This 
unit was developed specifically to pro- 
vide a controlled temperature of 55 ^C 
in the reaction column of a solid phase 
peptide sequencer. However, the unit 
will also find general use in the labor- 
atory. The model SP-670 uses the TE-7 
solid state immersion circulator with 
500 W heater fitted to a small deep 
drawn tank and with inlet and outlet 
pipes for connection to a closed circuit 
external system. The bath is fitted with 
a top up port. Temperature range is 
0-95 °С and control obtainable is 
zb 0.02 °C. 

Circle No. 45 on Reader Enquiry Card. 





The TE-7 immersion circulator 


Four-channel non-fade scope. British 
American Optical. The model 1144, à 
four-channel non-fade scope, provides 
monitoring of ECG, arterial pressure, 
plus third and fourth parameters on a 
large, bright, moving trace display. 
Internal selections permit adaptation of 
the display format to many different 
monitoring situations. Circuitry in- 
cludes four dynamic shift register 
memories each with 1,024 word capa- 
city, delayed outputs being coded to 
facilitate distinguishing between real 
time and delayed signals, and between 
those that were previously frozen and 
those that were not. 

Circle No. 44 on Reader Enquiry Card. 


Effluent quantity and quality meter. 
Philips. A new portable flow meter 
from Philips can carry out the accurate 
measurement of waste water flow rates 
automatically, even in the presence of 
surface foam, scum or floating objects. 
The PW 9816 meter uses a dipping 
probe to sense the level of water in a 
measuring channel of known cross 
section, giving a direct correlation 


with the rate of flow. Attached to a 
weighted flexible cable mounted on a 
rotating drum, the probe is raised and 
lowered at regular intervals. Contact 
with the water surface completes an 
electrical circuit. The resultant signal is 
electronically converted and used to 
drive a pen that produces a trace on 
a circular chart. The PW 9816 can be 
used in conjunction with a wide range 
of standard wiers, flumes and venturis, 
and produces a record of flow rates in 


m? min" and, via a computing inte- 
grator, total flow since the start of 
measurement. 


Circle No. 42 on Reader Enquiry Card. 


IBM—compatible terminal system. 
Control Data announce the first of a 
series of multiple-function computer 
terminals that can be operated as 
stand-alone processors to terminal de- 
vices by business users of IBM 360 
and 370 computer systems, The unit, 
called the Control Data C760 multi- 
function terminal, can be programmed 
by non-technical operators. The cleri- 
cal operator can generate and execute 
application programs on the terminal 
using a simple forms language that is 
provided with the basic terminal 
system. The CDC C760 terminal is 
available in a minimum configuration 
that includes a  microprocessor-con- 
trolled keyboard and visual display 
terminal. 

Circle No. 43 on Reader Enquiry Card. 


Environmental monitor. Research Pro- 
ducts International. Now available 
from Research Products International 
Corporation is a portable G-M tube 
environmental monitor, Model 6-70. 
Supplied with a special compensated 
MC-70 type G-M tube, this instrument 
is designed for determining environ- 
mental v radiation levels. The highly 
sensitive detector is suitable for 
measuring low intensity radiation with- 
in a reasonable time period. Sensitivity 
is approximately 150 pulsess^ for a 
I u4R h^! exposure rate. Measurement 
over a period of 1,000s will give a 
result having a statistical accuracy of 
+3% for a background of 7 aR h^. 
The Model 6-70 is designed for field 
use and is powered by Ni-Cd recharge- 
able batteries giving 10h run рег 
charge. A tripod stand is available 
allowing the detector to be locafed 
10 m away from the instrument. 

Circle No. 50 on Reader Enquiry Card, 


XX 
Tube gel electrophoresis apparatus. 
Dickinson. This three-sample, tube gel 


electrophoresis apparatus from Dickin- 


son is designed for quick tests of 
molecular weight range, restriction 
enzyme activity, buffers, ampholytes 


and gradients. The model TG-3 accom- 
modates all types of gel techniques 
including polyacrylamide, agarose and 
isoelectric focusing. Up to three, 5 mm 
diameter tube gels with a length be- 


tween 4cm and 15 ст can be run 
simultaneously. The apparatus has clear 
acrylic plastic construction and 


platinum wire electrodes. 
Circle No. 51 on Reader Enquiry Card. 





Ihe Dickinson model TG-3 


Emission spectrometer. Philips. Modu- 
lar construction and the availability of 
a wide range of sample excitation 
options make the new PV 2850 emis- 
sion spectrometer from Philips an 
adaptable system for fast, simultaneous 
multi-element analysis of solids and 
liquids. This compact air-path spectro- 
meter operates automatically and can 
be used to determine up to 60 elements 
simultaneously. A choice of modular 
electronics can be incorporated, while 
various computer hardware /software 
packages are available for instrument 
control and output of results as element 
concentrations. 

Circle No. 52 on Reader Enquiry Card. 


Cold light illumination system. Spec- 
field. A fibre optic cold light illumina- 
tion system, the SLS 75 light source 
with double-branched  flex-and-stay 
fibre bundle, has been announced by 
Specfield. Primarily designed for micro- 
scope illumination and as a cold- 
light source for close-up photography 
of small heat-sensitive subjects, the 
SLS 75 houses a 75-W fan-cooled 
quartz iodine lamp. The light from the 
lamp is concentrated onto the end of a 
double-branched fibre-optic light guide 
which is securely held in the front 
panel of the unit. The unit operates on 
240V a.c, and a 110 Va.c. version is 
available. 

Circle No. 53 on Reader Enquiry Card. 


Pressure filtration apparatus. Millipore. 
Millipore's Teflon pressure filtration 
apparatus is made entirely of non- 
metallic surfaces and is designed for 
field or laboratory use in sampling all 
types of waters where there is a require- 
ment to separate particulate from dis- 
solved heavy metals fractions. Certified 
filters of specified metallic ion content 
are used to retain the particulate frac- 
tion. These can then be totally digested 
in suitable acid cocktails for subsequent 
amino acid or other instrumental 
analysis to determine and. differentiate 
particulate from dissolved heavy 
metals. Filtering of 500 ml-61 of 
potable and highly turbid waters is 
effected in a matter of minutes. 

Circle No. 54 on Reader Enquiry Card. 


Gel scanner. ISCO. The ISCO model 
3010 gel scanner will produce both UV 
scans on unstained gels and visible 
scans on stained gels. UV scanning of 
a cylindrical gel in its original quartz 
running tube simplifies determination 
of the minimum time required for the 
maximum  revolutions and provides 
accurate quantitation of each peak. 
The unit consists of the ISCO absorb- 
ance chromatography monitor, model 
UAS and the gel transporter unit, 
thereby offering an instrument for 
performing two functions in the protein 
laboratory. 

Circle No. 55 on Reader Enquiry Card. 


Medical linear accelerator. Varian. The 
Clinac 20 from Varian is a highly 
versatile dual-modality medical linear 
accelerator that offers great flexibility 
in treating malignant tumours, and can 
selectively generate either a 15 MV 
X-ray (photon) beam or an electron 
beam variable over 6-20 MeV. The 
Clinac 20 has an output of up to 500 
rads per min with treatment field sizes 
that range from 0x0 to 35x35cm 
at the 100-cm isocentre. The extra 
high output means treatment can be 
given to patients in less time than is 
now required with lower radiotherapy 
machines. 

Circle No. 56 on Reader Enquiry Card. 


Electrophoresis power supply. Buchler 
The model 3-1500 constant power 
supply from Buchler Instruments offers 
researchers the convenience of a bright 


digital display of output with the 
exacting performance required for 
such procedures as electrofocusing. 


Push-button controls select the appro- 
priate output ranges and regulation 
mode. Constant voltage, constant 
current and constant power may be 
selected at levels up to 1,000 V d.c 
200 тА and 200 W. A fault circuit 
prevents any damage from occurring 
to the unit in cases of external shorts 
or open circuits. 

Circle No. 57 on Reader Enquiry Card. 
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Digital thermometer. Channel Elec- 
tronics. Designed for bench or rack 
mounted applications, the 7500 series 
of mains powered digital thermometers 
have been introduced by Channel 
Electronics. Nine basic units are avail- 
able, with thermocouple and platinum 


resistance inputs, and together they 
offer a temperature measurement 
capability from | —220^C up to 


1,750 °С, to a resolution of either 
0.1 °С or 1.0 °С. Thermocouple units 
incorporate an improved cold junction 
compensation system for greater 
stability and reliability. The gas dis- 
charge display provides a clearly dis- 
cernible read-out at a range of up to 
40 ft. Options include a fully linearised 
voltage output and non-standard cali- 
brations are available for all linear or 
non-linear millivolt, milliamp ог 
resistance inputs. 

Circle No. 58 on Reader Enquiry Card. 


Laboratory titrators. Electronic Instru- 
ments Limited. A major expansion of 
the EIL laboratory product range has 


taken place with the launch of a 
comprehensive series of automatic 
laboratory titrators. The range, con- 


sisting of Karl Fischer, endpoint, ph 
stat and recording titrators, all incor- 
porate a unique photoelectric counting 
device, which ensures that titrant and 
samples are dispensed with the highest 
possible precision. 

Circle No. 59 on Reader Enquiry Card. 





EIL Laboratory titrators 


Stereoscopic microscopes. Olympus. 
The Series VM of stereoscopic micro- 
scopes from Olympus consists of two 
basic models, VMT and VMF. The 
VMT is a turret magnification change 
type with X1 and X2 or X1 and 
х4. The VMF is a fixed magnification 
model with choice of X1, X2 or X4. 
All versions share a common range of 
auxiliary lenses, eyepieces, stands and 
accessories. Special attention has been 
paid to the lighting available with the 
series and the stand has been designed 
to accept a minimum of 11 different 
methods of illumination. A very special 
feature is the base illuminator which 
offers transmitted, ері or combined 
illumination. 

Circle No. 60 on Reader Enquiry Card. 
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Applicanons are invited "for а 
Lectureship ш Burological Sciences, 
The successful candidate will be ex- 
pected to contribute gu teaching of 


in fah nutntion, preferably ш the 
field of vegetable and single cell 


Green, Birmingham B4 7ET 
(Tol 021 359 3611, Ext 201) to Fiom 
applications should be forwarded 
later than February 23, 1979 
9287(A) 


Candidates should have special interests 
logical 


or in b 
сше сен both It m expected 


that the appointment will be made 
within the lower part of the lecturer 
rat range, the whole of which и 
£3 to £7,754 plus £450 London 


*t, London WCIE 6BT, and 
cations (6 copies if possible) 
ld reach him on or before March 

16, 1979 9330(A) 


MEDICAL RESEARCH 
COUNCIL 
National Institute 
for Medical Research 
IMMUNOLOGIST 


A young postdoctora! {immunologist 
1s by the LABORATORY 


FOR LEPROSY MYCO- 
BA CH to investi 
gate Immunity of  mycobact 

infections, It ш that the 


the unmunol 
growth of mycobacteria іп Наше 
culture and in annals 

The appomtment will be for up to 
three years and will be in the salary 
range £4,408 to £6,080 


o pida sent to the Director, 
sinet for ec eo 


БУ MA Hin $1 199^ NS 


amino acid analyses and motabolite 


Delum of Chater fsck Ros, 


Radehife It Infirmary, Oxford. 9307(A) - 


З мя multiduaciplineary racility for 
basc biological reseaicu, graquate ани 
postgraduate — training mw suppor 
Principally from state tunds, as weu 

Foderal 


Thu ш intended as a 


Directors sdary aod otber resources 


“Center of 


genera research funda. 
due De eal unns Uc 


academic department of UMC The 
University is a Land Grant school with 
а student enroliment of 23,000 On a 
angle cam canpa: tt has а unique com- 
bination of life science-oriented Divi- 
sions (Medicine and 


search 

partments of Biochemustry, Physiology, 
Biological Sciences, Bioengineenng, 
Medicine, Microbiology, Pharmacol 


Radiology, and Surgery Un ty 
resources include Reactor Research 
Center, Cancer Research Center, 


Health Services Research Center, 
Veterans Administration Hospital, 
Uni of Missouri Medical Center, 
and Eye Research Institute 

Women and members of аон 
groups are urged to apply Réeom 
and other appropnrate information 
should be sent to: 

Search Committee for Director 








APPOINTMENTS VACANT 





CHAIRPERSON 
BIOCHEMISTRY DEPARTMENT 


THE UNIVERSITY OF 
MASSACHUSETIS 
MEDICAL SCHOOL 

is seeking an Individual who has a 


proven commitment to excellence in 
reseearoh and hes demonstrated ex- 


teaching of biochemistry to medical 
and graduate students 


Sad send curriculum vitae, biblio- 
and three ere March 
inu Р! to: Dr Е. Pay, 


Committee ent of 
Ро, University of usetts 
School, Lake Avenue 


Nn Worcester, MA 01605. 


Minority and women candidates are 
encouraged to apply The Univeralty 
of Massachusetts is an equal oppor- 
tunity/afürmative action employer 


933%А) 


THE UNIVERSITY 
OF LEEDS 


PROCTER 
DEPARTMENT OF 
FOOD SCIENCE 


RESEARCH FOR SCHOOL 
: SCIENCE MASTERS 


are invited from 
үйө "Sene Masters ш 
to take part m research m 


the . Procter Department of Food 
Science for n period of four weeks 
in the summer vaca 
places are avallablo 
grants to cover oxpenses 
кто аайы; fom the нотара 
poe о Skinners through. 1 
Асеев Charity, The 
will be of а chemical or 
püybcal natare and toples will be 
selected dec subsequent continu- 
ation school laboratones ш 
M ence md ot NO EE] 
science syllabus or аз a research 
project. e. heme M bee 





WESTMINSTER MEDICAL SCHOOL 
DEPARTMENT OF THERAPEUTICS 


requires a 


Research 
Assistant 


to join an active research team, including medical staf of 
Westminster Hospital, who are studying the clinical pharma- 


cology of drugs used in the chemo 


erapy of cancer. 


Candidates should be graduates in chemistry or a biological 
discipline. They should also have a sound p ractical knowledge 


of the t 
H.P.L.C., cou 


ues of drug analysis inc 
with some rescarch experience. The success- 


ding G.L.C. and 


ful applicant will also participate in the on-going departmental 
research programme relating to molecular mechanisms of drug 


action. 


Salary, according to age and qualifications, will be in the 
range £3,834 to £5,332, inclusive of London Weighting (review 


pending). 


Applications, with names and addresses of two referees, to 
Dr B. A. Brooks, Department of Therapeutics, Westminster 


Hospital. London SWIP 


2AP. Tel: (01) 828-9811 ext. 2490. 


9316А) 
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In the fight against crime science is 
an increasingly active agent in 
uncovering facts from subtle but often 
decisive evidence in cases such as 
murder, rape, arson and burglary. 
Science can successfully answer the 
critical questions—'*who? ", *when?", 
"where?", "how?"— which provide 
the police and the courts with 
invaluable assistance in the 
maintenance of law and order and 
the administration of justice. 

The Forensic Scientists in the Home 
Office have access to advanced 
analytical techniques which bring to 
light new sources of evidence. The 
forensic laboratories at Aldermaston, 
Birmingham, Bristol, Cardiff, Chorley, 
Nottingham and Wetherby (the 
laboratories at Bristol and Cardiff 














Science v. € « 


Opportunities for 
graduates in if 
Advanced Forensic 
Investigation. 


will move to Chepstow in 1979) are 
being comprehensively equipped with 
sophisticated instrumentation for use 
in gas and high pressure liquid 
chromatography, mass spectrometry, 
scanning electron microscopy, electron 
microprobe analysis, radio immuno 
assay, atomic absorption spectro- 
photometry, X-ray fluorescence 
spectroscopy and other methods. 


Work in the Forensic Science 
Service offers graduates opportunities 
for advanced scientific investigation 
associated directly with criminal 
investigation —often involving visits to 
the scene of the crime and giving 
evidence at court. 


There are openings for honours 
graduates (including those qualifying 


in 1979) in chemistry, biochemistry, 
biology, pharmacy, physics, materials 
science and related scientific 
disciplines, and encouragement will be 
given to obtain further qualifications. 
Appointment as Scientific Officer 
(£2,840 to £4,410) or Higher Scientific 
Officer (£4,100 to £5,450), according 
to qualifications and experience. Good 
colour vision is essential. 


For further details and an 
application form (to be returned bv 
February 19, 1979) write to Civil 
Service Commission, Alencon Link, 
Basingstoke, Hants, RG21 1JB, or 
telephone Basingstoke (0256) 68551 
(answering service operates outside 
office hours). 


Please quote ref: SY/22/LA/i2 


9347CA) 














univensity of wales 


UNIVE гэту 
COLLEGE 
SWANSEA 


SENIOR RESEARCH 
ASSISTANT 
Applications are invited from 
physicists /electrical engineers with 
experience in Computing. or from 
mathematiciaus/computer scientists, 
with an interest in the application 


of numerical methods to physical 


situations, for the vacancy of 
Senior Research Assistant in the 
Department of Physics, The suc- 
cessful applicant will work on an 
S.R.C. sponsored project to simu- 
late numerically the — electrical 
breakdown of a gaseous dielectric. 
The appointment which will be 
for two years from the soonest date 
that can be arranged, will be on 
a scale up to £4,382 per annum 
plus U.S.S./U.S.D.P.S. benefits. 
Further particulars and applica- 
tion forms (two copies) may be 
obtained from the Personnel Offi- 
cer, University College of Swansea, 
Singleton Park, Swansea SAZ 8PP, 
to whom they should be returned 
by Friday, February 9, 1979. 
9301(A1 








GLASGOW COLLEGE 
OF TECHNOLOGY 


The Glasgow College of Technology, 
a major polytechnic institution of 
higher education, invites applications 
for the following post: 


RESEARCH ASSISTANT 
in 
OPHTHALMIC OPTICS 


The successful applicant would be 
required to work on an agreed topic 
in Ophthalmic Optics. Applicants 
should hold appropriate qualifications 
in Ophthalmic Optics, or alternatively 
an honours degree in a discipline such 
as Physics, physiology or psychology, 
and should ha a strong interest in 
visual problems. The person appointed 
will be expected to read for a higher 
degree of the CNAA, Master or Dac- 
tor of Philosophy. 

Salary: The Research Assistant will 
be paid SO per cent of the appro- 
priate point on the Lecturer ‘A’ 
scale: £4,029 to £7,110 Bar-£7,638. 
Placing on the salary scale will be 

according to relevant experience. 

Application forms and further parti- 
culars can be obtained from the Estab- 
lishments Officer, Cowcaddens Road, 
Glasgow G4 ОВА. 

Application forms 
turned not later than Friday, 
2, 1979. 

Edward Miller, 
tion, Strathclyde Regional Council. 

9267(А) 





should be re- 
February 





Director of Educa- 


THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 

RESEARCH ASSISTANT 

IN BONE AND JOINT UNIT 

Applications are invited for the poši 
of Research Assistant in the Bone and 
Joint Unit. The post will be tenable 
for approximately 24 years. 

The project with which the 
cessful applicant will be associated 
concerns development and evaluation 
of methods of detecting autoantibodies 
in human disease. 

Candidates should have an LM.L.S. 
qualification or appropriate practical 
experience in medical laboratory work 

Salary: £3,384 to £4,882 plus £450 
London Allowance рег annum, to- 
gether with superannuation under the 

Enquiries 
borow. Telephone: 

Applications to the Secretary, The 
London Hospital Medical College. 
Turner Street. Londen El ZAD, en- 
closing curriculum vitae and names 
of two references. 9300(CA Y 








suc- 


to Professor E. J. Hol- 


01-247 8939. 


POSTDOCTORAL POSITION 
open for chemist/biochemist/crystallo- 
grapher interested in protein and 
nucleic acid crystallisation. 

Starting March 1: DM1,900 per 
month tax free. 

Send C.V. and list of 
Prof. Dr W. Saenger. 





publications to 
Max-Planck- 


Institut für experimentelle Medizin. 
Hermann-Rein-Str. 3, 3400 Göttingen, 
W.-Germany. 9299( A) 





MEDICAL RESEARCH 


COUNCIL 
DUNN NUTRITION UNIT 
Postdoctoral research worker re- 


guired to undertake studies on energy 
balance in man. Studies will be con- 
ducted in à new metabolic suite 
incorporating three whole body calori- 
meters at the Unit's Clinical Nutrition 
Centre, Addenbrooke's Hospital, Cam- 
bridge. Experience in human physi- 
ology desirable, with or without a 
medical qualification. The appointment 
is for three to five years, with salary 
according to qualifications. 

Further details and applications by 








February 15, 1979, to Dr W. P. T. 
James, Dunn Clinical Nutrition 
Centre, Addenbrooke's Hospital, 
Trumpington Street, Cambridge CB2 
ТОЕ. 9186(А) 
COMM ITY ECOLOGIST 





The University af Kansas anticipates 
a 12-month tenure-track position as 
Assistant Professor, Division of Bio- 
logical Sciences, and Assistant Curator. 


Museum of Natural History (joint 
appointment) available July 1, 1979. 
Community Ecologist with theoretical 
emphasis; experience with vertebrate 
communities and their vegetational 
bases. Duties curatorial and teaching, 
including research and graduate 


required prior 
Send curricu- 


student guidance. Ph.D. 
to assumption of duties. 


lum vitae, reprints, and direct three 
letters of reference to: Frank B. 
Cross, Museum of Natural History. 
University of Kansas, Lawrence, KS 
66045, by March 15, 1979. Salary 
range $17,000 to 519.000. Equal 
Opportunity/Affirmative Action Em- 
ployer. 9284(A) 
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UNIVERSITY OF LONDON 
ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


knowledge of safoty matters. Particular 
know safety conmdoerations in 
would be an advantage, 


edical 
vr e Саша, rr 





CHELSEA COLLEGE 
(University of London) 
BASIC MEDICAL SCIENCES 
GROUP 

There is a vecancy in the Phyno- 
logy Department for a 


ege, Manrcem 
ped MULA 6 -352 б) Чо for further 


fay emis for this poet d 
annum (under 
tnde 2465 London Al 


92514A) 


£4 5 





UNIVERSITY OF LONDON 
INSTITUTE OF PSYCHIATRY 


RESEARCH WORKER 


(Scale 1A) 
required for a investigation of factors 
controlling the emymx meth on 
of tryptaminos 


ROYAL POSTGRADUATE 


MEDICAL SCHOOL 
DEPARTMENT OF CLINICAL 
PHARMACOLOGY 


SCIENTIFIC OFFICER 
equired to work on а number of re 


КЕ тро) , centred on hyperten- 
а will include radio- 


hould poasees a degree or equivalent 
а а related subject Experience in 
Het ee DUAL te се ж re 
murod a nowledge of at 
Wu om o qu ote desired 
Salary оп scale 23 887 to £5,169 а 
саг, starting mlary dependent on ex- 
erlence. 


Application form and further parti- 
alars pr. be снае from the т 


»nnel 
Tedical School, Ё Du Сапе Road, 
ondon W12 QHS quoting reference 


amber 20/103/N 9250(A) 








sensory pro 
e the organization of the 
(ш) work on development of new products generally in 
connection with Unilever companies. 


It will also mvolve o 
and trying to develop a iei understan 
and important consumer attributes of ice cream. The job will 
require an appreciation of the different requirements for 1ce creams 
ш various countries and an abihty to identify and analyse 
problems with equipment under the supervision of the job holder. 


uev Ice Cream 
Research Assistant 


Our Ice Cream and Dairy Section has a vacancy for a 
Research Assistant. 


Tasks: 

The job will involve: 
(0) obtaming physical test data on ice cream and relating this to 
es, formulation etc 
of the ice cream miniHine; 


tions: 


Qualifica | 

Candidates of either sex, should have a sound scientific 
background. He or she should have an interest in the 
measurement of both sensory and instrumental properties of 
foods as well as an mterest in food 
development. The 


the work 


and product 
tion would be LE fora ridus with 


a physical sciences degree and little or no experience although 
experience of ice cream would be an advantage. 


Colworth 
The Colworth Laboratory 1s located m a very 
acre country estate ten miles north of Bedford. Salaries and fringe 
benefits are at a level expected of a large international company 
and includes assistance with mo 
Please write quoting referen 
career history to: 
Miss J. Kenny, 
ше and Career 
Development Manager, 
Unilever Research, 
Colworth Laboratory, 
Unilever UK 
Central Resources Ltd., 
Colworth House, Sharnbrook, 
Bedford, MK441LQ. 


h 
=: CELIA edge dels of 


ttern of an assistant 
of the structure 


attractive 1200 





9315$(A) 








UNIVERSITY COLLEGE 
HOSPITAL 
MEDICAL SCHOOL 


RESEARCH 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


required for three yoars to юп a 
clinically based research team led by 
Profesor A М Exton-Smith, Barlow 
Professor of Geriatric Medicine, study- 
ing the Immunology of Dementia 

Starting salary £3,582 and London 
Weighting on incremental scalo 

The work will involve the applice- 
tion of unmunological techniques to 
чо] peo from normal and demented 


e Preference will be given 
tes with some experience in 
Богогу immunology 
Applications and enquires to Dr R 
Callard, Human Immunology Labors- 
tory, Univemty College — Hospital 
Medical School То]. 01-387 9300, ext 
199 University Street, London WC] 
9342(A) 


UNIVERSITY COLLEGE 
HOSPITAL 
MEDICAL SCHOOL 
(University of London) 


DEPARTMENT OF 
GASTROENTEROLOGY 


GRADUATE OR 


RESEARCH TECHNICIAN 


Applications are invited for the 
above post to develop new methods of 
pancreatic function A sound practical 
knowledge of biochemistry is сепа! 
end experience in radiommmunoasay 
though not essential would be. demr- 
able. Tho post ш for 2 years ш the 
first instance and the salary, within 
the range £3,261 to £4,680 (plus 


For further details please telephone 
Dr P R Salmon, 01-388 2411, ен. 
241. Applications giving details 
The Secretary, Univeraty College 
Hospital Medical School, University 
Street, LONDON WCIE $11, quoting 
Reference RT/G& 9343(A) 


UNIVERSITY OF LONDON 
‘Institute of Psychiatry 
DEPARTMENT OF 
NEUROPATHOLOGY 
JUNIOR. TECHNICIAN 


required to work on project ey 
reasearch on  biochemucal causes 


Scientific. . Starting 
salary in rango £2,259 to £3,243 per 
annum (including London Weightmg) 
depending on age and qualifications. 

The post uw grant-supported for three 


For- application form, please write 


Assstant , institute 
of erar De Crespigny Park, 
8AF or 


Denmark 
Telephone 703 5411, Ext 214, quoting 
reference OEP/N. 9291(A) 
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Wellcome 


Biochemist/Molecular 
Biologist 


£5,000 — 


£9,000 


Department of Immunochemistry 


A postdoctoral scientist wrth proven experience in techniques leading to the Identrfication, 
teolation and characterisation of specific DNA sequences is required to join an enthusiastic 
young group pursulng the study of cell surface antigens. It ıs anticipated that the person 
appointed will be anxious to Involve others In the application of DNA technology to the 
Identified research objectrves. 


Candidates should have a relaxed attitude to collaboration and the motivation and ablltty 
to make а significant contribution to а basic research programme wrth the long-term 
objectives of better understanding, diagnosis and prevention of disease. 


Starting salary will be In the range £5,000- £9,000 per annum and wil! be dependent on 


age and experience. 


The Laboratories are situated in pleasant parkland surroundings within easy reach of 
Central London and conditions of employment are excellent and include subsidised 
canteen, pension scheme, 4 weeks’ holiday, relocation expenses where appropriate and 
sports and social facilities. 


For an application form, pleasa write to the 


Personnel Manager, 


The Wellcome Research Laboratories, 
Langley Court, Beokenham, Kent ВАЗ 3B8. 


REGIONAL CYTOGENETICS 
LABORATORY, 
EAST BIRMINGHAM 
HOSPITAL 
BASIC GRADE 
SCIENTIFIC OFFICER 


Applications are invited for the new 
of Scientific Officer. Expe 
desirable bat not 


pier api Ten 
to £4 per annum. 
feed forms and job descrip- 
tions obtainable from Regional Cyto- 


mingham 
4311, Ext. 4354 





UNIVERSITY OF 
GLASGOW : 
SECOND CHAIR 
OF ZOOLOGY 


The University invites applications 
for a second char in its ent 
Zoology. 


lars may be obtained 


lodged on 

or before March 16, 1979 
please quote Ror No. 
317(A) 





THE UNIVERSITY 


OF HULL 
DEPARTMENT OF 
PLANT BIOLOGY 


GRADE 6 TECHNICIAN 


Apeltce on are Invited for the post 
of Technician in charge of the teach- 


ing services in the Department of Plant 

pow: Candidates should hold an 

or equivalent qualfication and 

have 9 to 10 pe ence. The 
-Apn 


post m sonable 1 Salary 
on the £3,654 to 14565 (under 
reviow). 

A tions, giving details of age, 
qual fons, ence and the 
names of two eroes should reach 
the Personnel Offer, Оаа x 


Hull HU6 7RX, by Febru 
Further particulars аго eae 79 





MEDICAL RESEARCH 


COUNCIL 
PNEUMOCONIOSIS UNIT 


Llandough Hospital, Penarth, 
South Glamorgan CF6 1XW 


Young graduate or equivalent re-' 


quc to work on the development of 
physical methods for Ацап{уп 
Рыа fibres in human tissues an 
in the alr Some experience of instru- 

mentation would be helpful. 
dependent on age and 


experience берегор within the 
range T3261 t to 502, 


заЦоп forms ые from 
аа Administrative Officer at 


the above address. 9322(A) 


8326(A) 


UNIVERSITY OF TORONTO 


Physiology /Bliochemistry 
Applications are invited for two 
research appointments in tbe general 
anasrobian and. cerbolinirbbi eon 
апа зали ап te 
intermediary metabolram дна 
(а) Professional Азвюсаїс Appro- 
prate doctorate and oral 


experience requi Initral 
appointment up to 5 ra, ге- 
newable, — Salary с floor 
$16,000. 

(b) Postdoctoral Fellow Two-year 
appointment Initial Salary ta 


rango $11,000 to $12,000, 
Applications and the names of two 





"UNIVERSITY OF 
LEICESTER 
DEPARTMENT OF GEOLOGY 


LECTURESHIP 
IN PALAEONTOLOGY 


tions are Invited for the post 
ig, pecus in Palaeontology In the 


ar ame of Geology. 
according to qualifications 
and on the s £3,883 to 


£7,754 a усаг de review) with 


таг i раг!сшшгу fromm the iho Regle 


trar to whom Шш руны 
sent by February 15, 1979. ТУ И 


mE PhD in Biochem 


BIOCHEMISTRY 


The Unrveraity invites 
for the Chair of Medical рати 


R should bave a 
medical dogree acceptable for 
tration within Ad Van 
юм q a Tie MM 
qi They should 
evidence of schicvement in 


students, 
t salary for a Professor 
ls $433,061 per annum, plus a clinical 


loading, in the caso o a medical 
qualified *ppolntoo, of up to SAS 006 
per annum. The University 


superannuation, study leave 
(under review) and assistance. 
Applications close on 30, 1979. 


SENIOR TUTOR IN 


PHYSIOLOGY 
Applicants should have an Honours, 
Masters or oquivalent degree pre 
ferably in Phymology and will be 
expected to asst in organising prac- 
t»cal classes In this subject and to take 


puse Closing daic 
Pere п $А 13,606 
to $A15,586 Other г Superan- 
nuation, Housing Assistance, travelling 
and removal 

Additional ormation and ica- 
оз forni Гог boD рома aro o 
able from the 
Commonwealth Universities Agen), 
36 Gordon Square, London H 
OPF. 9292(A) 





UNIVERSITY OF. 


SHEFFIELD 
DEPARTMENT OF PAEDIATRICS 
lications are invited for the post 


of CHNICIAN (Grade 3) to 

with investigations into the physio 
work 

animal 


tissues and appl 


P rie es m tbe biological sclenoes 


on scale £2,688 to £3,060 per 


кш to Dr D l НШ, Department of 
rios, Children's Hi " 
Shemeld Slo 2TH. S319 A) 





the su structure of the 
nucleus and meta 
ence with DNA, chromatin, eic. 


desirable Study of structure and bio- 
synthesis of cell surface heparan sul- 
fato and posmblo involvement in oeil 
interactions and with нори 
perience in carbohydrate bloc 
iology, or allied field $12 pius 
yoar Send résumé 
Tecommendation letters to John 
Keiler, Ph D., Department of 


Sahe Chapo d of 

West Mente : 
60612. pim Am xoi d 
Oppotturity Employet, ) 
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Se Institute 
search, Sumner Place, London SW? 
ЗМО, quotang rd. 301/B/54. 





UNIVERSITY OF KEELE 
Second Char 
in Department of 
Biological Sciences 


ns are invited for the new 
en 





to whom completed [1 m 
зеп! by ruary , 921A) 
LECTURER IN 
ORGANIC CHEMISTRY 
DEPARTMENT OF 
CHEMISTRY . 
UNIVERSITY OF 
SOUTHAMPTON 
Invited for th 
a ame m Organic "Chen 
from October, 1979. Salary scale 
3 to £7,754 per annum The 


malary perience 
joaufeations Uszual contract s for 
years with R T travel and other 
benefits Curriculum vitae and 


Computer Board For Universities And 
Research Councils 


Joint Network Team 


intment 


of Head 


Recognising that flexible and compatible interconnection 


шамы Соры important role ш extending access to 
computing resources and expanding the range of facilities available to 
computer users in the academic community, the Computer Board and 
Research Councils are to set up a Joint Network Team. Its mam aim will 
be to prepare, supervise and participate in a coordinated programme for 
the further development of computer networking among universities 
and Research Council institutes. 


The 


be located at the Rutherford Laboratory, Chil 


The responsibilities of the Head of the team will in 
a programme of work to the Computer Board and the 


ср rci Oe d des 


Romanek Councils 


for financial approval and supervising its execution. He will be called on 
to make recommendations to the sponsoring bodies on network plans for 

. individual univermties and Research Council institutes and to advise on 
technical and financial aspects of computer networking. Àn important 
part of the post will be to establish and maintain collaborative 


relationshipe with senior 


centres throughout the academic community. 
Applications are now invited from people with an interest in 
computer networking and with experience of university and Research 
Council computing. Applicants should have the ability to manage 
technical projects and a sound basic knowledge of computing and 
telecommunications technologies. Familiarity with current trends 
towards networking standards and propased public packet-switched 
services would be an advantage. 


The appointment will be for a fixed term of three years. 


The 


erial and technical staff in computer 


salary will be in the range £10,746-£12,091 or 


£10,043-£11,300 depending on the superannuation 
scheme chosen. 


Further details and an ap 
Jane Griffiths in the Personnel 


lication form ma 
up, Rutherf 


be obtained from 
Laboratory. Please 


quote reference VN.760. Closing date for applications 12th February 1979. 


Rutherford Laboratory, Chilton, Didcot, Oxfordshire OX11 0QX. 
Tel: Abingdon 21900. 


SUNDERLAND 
POLYTECHNIC 
FACULTY OF SCIENCE 


DEPARTMENT OF 
BIOLOGY 


LECTURER II 
IN MICROBIOLOGY 


erably have a 


Selary Scale Lecturer II £4,101 to 
£6,051 Bar to £6,555. 


An application form and further 





PRINCETON UNIVERSITY 
The Department of Biology has an 
opening at the level of 
LECTURER 
beginnmg in September 1979, to teach 


mechanisms 
tunity will be available to carry out 
research projects, prefer- 
ably in the area of vertebrate repro- 


doctive ов A imciuding neuro- 
s D. degree or equi- 

valent requ 
letter of application, cur- 


Princeton, 
Princeton University ш an ра 

Opportunity/Affirmative Action 

ployer, SISKA) 


9337(A) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF FORESTRY 


RESEARCH ASSISTANT 


Appbcatons are invited for the above 
post to work with Dr J A Petty on 
an invesiigation of the permeability to 
water of wood cel] wall material in 
relation to both water m 
the living tree and in wood 
ripe me Candidates should possem 

good bonours degree or a higher 


The post із tenable for three years 
and is supported by the Leverhulme 
Trust Fund 

£3,384 to £4,882 per anoum 
Mange B Scala, wih appropriate 
, wi appro e 

е 


Further particulars from The Secre- 
tary, The Unversity, Aberdeen with 
whom applications (2 copies) should 
be lodged by February 16, 1979 
9264(À) 
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зна зине 
О 
Marine Science 


Laboratory Manager 


Applications are Invited for the above positon at the Australian 
Instrtute of Marine Sciencs near Townsville in North 
Queensland. Facilities completed in 1977 Include a 12 8 million 
dollar headquarters and comprehensively equipped laboratory 
complex, library, lecture theatre, controlled environment rooms 
and aquana, accommodation for visiting scientists and vanous 
field and technical support facilities such as deepwater boat 
harbour, recompreesion chamber and mantime service building. 
The reesarch fleet includes the 24.4m RV “Lady Basten” and 


vanous smaller craft 


Research at AIMS pays comprehensive attention to an 
understanding of the physics, chemistry and biology of the 
manne environment with present emphasis on tropical systems 


Duties: 


To be responsible for the co-ordination of laboratory 
requirements, for instrument maintenance and laison with 
research and workshop staff in laboratory services in particular 
to accept responsibility for the establishment and continuing 
management of an analytical services facility, extending to 
Instrumentation employed In data collection at sea. 


Qualifications: 


A diploma or degree in chemistry with extensive experience 
in analytical instrumentation and procedures combined with 
skills in administration and personnel interactions relevant to the 
duties descnbed. Experience relevant to physica! and chemical 
oceanography would be an advantage 


Salary: 


A salary commensurate with the responsibilities of the position 


will be negotiated 
Applications: 


Applications must include full c v, plus the names and 
addresses of three professional referees and should be sent to: 


The Secretary, 


Australian Institute of Marine Science, 


PMB No. 3, 


Townsville M.8.O. Qld. 4810. 
Closing date for applications is 28 February 1979. 


KING'S COLLEGE HOSPITAL 
MEDICAL SCHOOL 
(University of London) 
Denmark Hil, London SES 8RX 
CHEMIST or BIOCHEMIST 


required for exciting work on extrac- 
поп and identification of lipids from 
Postdoct 


mammalian tissues, oral or 
equivalent essentia] Salary 
up to £5,579 per annum, two-year 
Initially 





KING'S COLLEGE HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

Denmark Hill, London SES 8RX 
DEPARTMENT OF 
DERMATOLOGY 

RESEARCH ASSISTANT/ 
MEDICAL LABORATORY 


SCIENTIFIC OFFICER 


required to work in the field of 
cytotoxic drugs to treat cancer and 
other skin diseases. 


S S laboratory. еса neces- 
Salary in rango £3,261 to 
£4,680 plus £354 London Weighting 
Allowance, according to age, qualifi- 

cations and experience 
For further information, please con- 
tact Dr A W du Vrvier on 01-274 

6222, extension 252! 

Apply in жп; prr ful cur- 
names and 


retary of the Medical School at the 
above address. 9303(A) 


х] 


9288(A) 





UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF 
EXPERIMENTAL PSYCHOLOGY 
Applications are invited for 
the office of 


UNIVERSITY 


DEMONSTRATOR 
IN THE DEPARTMENT OF 
EXPERIMENTAL PSYCHOLOGY 


An interest in developmental aspects 
of Psychology will be an advantage 
but candidates with interests in other 
fields will be considered. 

The initia] appointment will be for 
three years from May 1, 1979, or as 
soon аз poemble thereafter The pen- 
monable stipend for a University 

nstrator will be on a scale of 
£4,133 by four annual incre- 
ments to ,129, with £mitial. placing 
above the minimum where appropriate 
The maximum tenure of a Unrversity 
Demonstratorsh; ш five ycars A grant 
is made towards removal expensce 

Candidates should send twelve copies 
of their appboation, together with the 
names of not more than three referees, 
to Mr G В  Andenon, General 
Board Office, The Old Schools, Cam- 
bridge CB2 ITT, from whom further 
information can be obtained to arrive 


not later than March 15, 1979 
9262(А) 
ў Scientific 
Officer required in P logy Depart- 


edical School, 
P.Y.1. 


ROYAL ALEXANDRA 
HOSPITAL FOR CHILDREN 
Camperdown, N.S.W. Australia 
BIOCHEMIST 
Applications ато invited for the new 


ere i Simoens thin the De 

c wi the rt~ 
ment of Blochemustry in the Hospital's 
Institute of Patholo 


in the development of new tests and 
techniques in the area of clinical 
paedistric chemistry. He/she will 
closely Пано with the Hospital's 

saf and eae ın the 
trainmg programme of clmical and 


lent; previous 
chemistry would be an advan 

Salary range $A21,049 to ‚145 
per annum 

Further information із avaflable 
Director of 


gned as soon as 


илдети! ыа. 
S. Yu, General Superintendent T 


Re-advertisement— 


UNIVERSITY OF EXETER 
доз равон are invited for the 
post of 
INSTRUMENT TECHNICIAN 
(Grade 6) 


£3,654 to £4,365 (under 
bac should have an HNC 
tion and a& te experi- 


ry 

Sa tendent, Hatheriy Laboratories, 

of Wales Road, Exeter EX4 

4Р5 П b not necessary for previous 
licants to reapply 

ers of application ааа the the 


ty 
Exeter, 1979 Please 


February 15, 





UNIVERSITY OF 


NOTTINGHAM 
DEPARTMENT OF 
ORGANIC CHEMISTRY 
Appheations are invited for а 
post of 


LECTURER 
m Organic Chemistry 


tenable from October 1, 1979, 
Te 

or and t 

ul be expect 


within the three 
£4,133 d £4,332). 
Арааны сура! 


three “referees, thou ^ 


гигие ges March | 19, 1979 
Staf Аррош Оо 
Roetsrar 





ANIMAL DISEASES 


MOREDUN INSTITUTE 


ence in oellular mmunology to x 
а toam stud mucosal defer 
mechanisms in sheep The appoint 
жоок! also help develop tmmunohts 
chemical techniques for the Море 
tion of antigens on the cell surfa 


£2,839 to £4,415, HS 0. 
E £5,448 with entry accord 


qualifications and eer 
successful appitownt. on-oontribu: 


Бод 





THAMES POLYTECHNIC 
SCHOOL OF MATERIALS 
SCIENCE AND PHYSICS 
X-RAY and NUCLEAR 

LABORATORY TECHNICIA 
(Grade 5) 
ns are invited {ог 


Apnlcatto 
Technician for the X-ray and nucit 
laboratories who will be, required 


ary scale £3,474 to 84, 


inchasrve, 

Further particulars and form 
application may be obtained from t 
Staffing Officer, Thames PW 
Wi Street, London 18 6P 


to w 7а сарса ра 
an ] 
ppo m mum 92540 





MRC. Unit on the Develo 
Int of Behaviour, Madh 
ley, СВЗ ВАА. А Rosen 
Asustant + to Sain, ют required | 
work on the lopment of soc 
behaviour. Some of 
search in this area highly desirat 
Р1вазс а in writing to Profes 
R. А. e at the above address 
IAA, 


Nature Vol. 277 


25 January 1979 
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SCIENTIST—HORMONES 


We require a postdoctoral scientist 
with a good honours degree in 
medicine, physiology, biochemistry or 
related discipline, to work in the 
Division concerned with endocrinology. 
The work involves research into the 
physiology and mechanisms of action 
of polypeptide hormones, development 
of methods to measure, characterise 
and control them, and setting up inter- 


national (WHO) standards for their 
bioassay and immunoassay. l 
There are good opportunities for 


collaboration, both locally and inter- 
nationally. 

The appointment is for 5 years in 
the first instance. Salary is in the range 
£4,359 to £7,005 per annum on M.R.C. 
scales, depending on age and 
experience. 

Please write or telephone for an 
application form quoting reference 
0187 to the Personnel Officer, The 
National Institute for Biological 
Standards and Control, Holly Hill, 
Hampstead, London NW3 6RB. Tel: 
01-435 2232, ext. 211. 

Applications should be returned not 
later than February 9, 1979. 

9346(A) 





UNIVERSITY OF THE 
WITWATERSRAND 
Johannesburg 
DEPARTMENT OF PHYSIOLOGY 


Applications are invited from suit- 
ably qualified persons for appointment 
to the posts of: 


(a) RESEARCH OFFICER/ 
JUNIOR RESEARCH 
OFFICER 


Applicants for the post of Research 


Officer should have a medical ог 
veterinary degree, or a Ph.D. in bio- 
chemistry, physiology, pharmacology, 


zoology, or any other biological field. 
Applicants for the post of Junior 
Research Officer must have a B.Sc. or 
B.Sc. Honours degree in the above 
fields. 
The successful applicants for both 
posts will be involved in an ongoing 


programme of research, at а bio- 
chemical, pharmacological, and phy- 
siological level, of cardiovascular 


physiology in health and disease. The 
Cardiovascular Research Unit is 
housed in a well-equipped modern 
cardiovascular laboratory, and current 
interests include work on the auto- 
nomic physiology and pharmacology 
of coronary artery disease and cerbro- 
vascular disease, and the biochemical 
characterisation of adrenergic re- 
ceptors. 


(b) TECHNICIANS 


Three technical posts in the Depart- 
ment of Physiology are vacant. One 
post is allocated for general Depart- 
mental duties, another for work in the 
University/M.R.C. Cardiovascular Re- 
search Unit, and the third in the 
Neurophysiology / Pain / Temperature 
Regulation Research Laboratory. Can- 
didates should have a Diploma in 
Medical Technology, with some re- 
search laboratory experience, or should 
have at least a B.Sc. degree with a 
major in biochemistry, or any other 
field of biology. 

The salary for the Research Officer 
for 1979 is up to R10,000 per annum 
and for the Junior Research Officer 
up to R7,500 per annum, Salaries for 
technical staff will depend on quali- 
fications and experience. 

The University's policy is 
discriminate in the 
staff or the selection of students on 
the grounds of sex, race, religion or 
colour. Further particulars relating to 
this practice are included in an infor- 
mation sheet obtainable from the 
London Representative, University of 
the Witwatersrand. Chichester House, 
278 High Holborn, London WCIV 
THE, or from the Registrar, Univer- 
Sity of the Witwatersrand, Jan Smuts 
Avenue, Johannesburg, 2001 South 
Africa, with whom applications should 
be lodged by February 16, 1979, 

9304(A) 


not to 
appointment of 








| 


MEDICAL RESEARCH 


COUNCIL 
LABORATORY ANIMALS CENTRE 


NUTRITIONIST 


Scientists with postdoctoral research 
experience in the nutrition of labora- 
tory animals, farm livestock or poultry 
are invited to apply for the post of 
head of the Centre’s Nutrition depart- 
ment. The successful applicant will 
be the focus for all aspects of the 
Centre's work in this field and will 
undertake research into the nutritional 
requirements of laboratory animals 
leading to general improvements in 
nutrition with particular emphasis on 
breding performance and the lowering 
of mortality rates. He or she will also 
provide a comprehensive advisory 
service to diet manufacturers and users 
of laboratory animals. 

Excellent conditions of service, 
attracting a salary commensurate with 
age, qualifications and relevant 
experience. 

Applications, enclosing a full cur- 
riculum vitae, should reach the 
Director, Laboratory Animals Centre, 
Medical Research Council Labora- 
tories, Woodmansterne Road, Car- 
shalton, Surrey SMS 4EF. by March 
1, 1979. 9344(A) 





UNIVERSITY OF LONDON 
INSTITUTE OF PSYCHIATRY 


RESEARCH ASSISTANT 


Applications are invited from recent 


graduates in biochemistry, pharma- 
cology or a related discipline, to 
undertake а behavioural and bio- 
chemical investigation of the long- 


term effects of neuroleptic administra- 
tion to rodents. 

The position, which is supported by 
the Medical Research Council, is 
tenable for one year in the first in- 
stance, and may be renewed for up to 
three years. 

Salary £3,384 to £3,883 per annum 
plus London Weighting. 

Applicants may visit the Depart- 
ment (Department of Neurology} 
(Professor Marsden and Dr Jenner) by 
prior arrangement. Phone 01-703 5411, 
Extension 245. 

Application forms available from 
The Secretary, Institute of Psychiatry, 
De Crespigny Park, Denmark Hill, 
London SES 8AF. Phone 01-703 5411. 


Extension 228, quoting Ref: CM/N2. 


9302(A) 





MICROBIOLOGY FACULTY 
MEMBERS 


The University of Kentucky College 
of Medicine has two faculty openings 
in the newly reorganised Department 
of Medical Microbiology and Im- 
munclogy which are to be filled at the 
Assistant and Assistant or Associate 
Professor levels. Candidates should 
have a Ph.D. or M.D. and post- 
doctoral and/or faculty research ex- 
perience. Senior-position candidates 
must have an ongoing funded research 
programme. Candidates are desired in 
the areas of microbial physiology, 
molecular genetics. molecular basis of 
microbial pathogenesis and gene re- 
gulation. Emphasis will be placed 
upon genetic, biochemical and mole- 
cular approaches to basic problems. 
Duties will include the development 
of a strong research programme, 
graduate student training and teaching 
of medical students. The positions 
will be available beginning approxi- 
matelv January 1980, 

Send completed curriculum vitae in- 
cluding the names of at least three 
references to: S. Kaplan. Department 
of Medical Microbiology and Im- 
munology, University of Kentucky 
College of Medicine. А. B. Chandler 
Medical Center, MN-524 Medical 
Center, Lexington, Kentucky 40536. 

The University of Kentuckv is an 
equal opportunity employer F/M. 

9281(A) 











Fibre 
Technology 


G. D. Searle is a leading pharmaceutical company with its 
main U.K. site and research laboratories at High Wycombe 


in Buckinghamshire. 


Within the laboratories we are involved in à growing 
number of long-term research and development pro- 
grammes in various fields of medical science, 

The following staff are required to develop new bio- 
compatible materials for medical applications starting with 
a naturally occurring polysaccharide. 


Polymer Chemist 


Required to extract and chemically modify the naturally 
occurring polymers and to investigate alternative solvent 
systems. We are seeking a person with at least two years 
research experience working with polymers who possess 
a good honours degree and preferably à PH.D. 


Fibre Scientist 


Required to produce fibres using the wet and dry spinning 
techniques and to convert the fibres into knitted and 
woven products. Ideally we are looking for a person with 
proven research ability as applied to the commercial 
production of fibres and/or woven materials. 

In addition to competitive salaries, conditions of employ- 
ment include 4 weeks holiday per year, a contributory 
pension fund, subsidised private health insurance, sports 
and social club and staff cafeteria. 

Applicants, male and female, should apply to Mr G. 
Jenkins, Personnel Manager, R & D Division, G. D. Searle & 
Co. Ltd., Lane End Road, High Wycombe, Bucks. (Tel. 


High Wycombe 21124 ext. 3374.) 


POSTDOCTORAL 
RESEARCH ASSOCIATE 


to participate in studies concerning 
processing of RNA and low molecular 
weight RNAs (gene organisation and 
regulation) in mammalian cells. These 
studies will involve cloning of DNA 
and sequencing, as well as other bio- 


chemical, physiological and genetic 
studies. 

Position will be available from 
March 1, 1979. 


Send curriculum vitae and names of 
three references to Dr David Apirion, 
Department of Microbiology and 
Immunology, Box 8093, Washington 
University School of Medicine, St 


Louis, Missouri 63110. Equal Oppor- 
tunity and Affirmative Action Em- 
ployer. M/F H. 9285(A) 





TECHNICIAN / 
RESEARCH OFFICER 


required to assist in our Biological 
Safety Laboratory and the Cell 
Culture Laboratory. Micrabio- 
logical training is essential. H.N.C. 


or Degree required. Salary range 
£3,600 to £5,200 inclusive London 


Weighting, pension scheme. For 
further information and application 
form, telephone Miss S. M. 
Hurley, Imperial Cancer Research 
Fund, Lincoln's Inn Fields, WC2 
on 242 0200, ext. 305. 9265(А) 














9341(A) 


UNIVERSITY OF 
SHEFFIELD 
TECHNICIAN (GRADE 3) 


imem of 
ypointed 


required for ihe Т 
Biochemistry. The person а 
will assist in res à? under Pro- 
fessor P. M. Harrison on the 
structure and function of the iron- 
storage protein ferritin. The work 
includes the isola and analysis 
ferritin from animal 
biochemical techniques 
X-ray crystal- 


of protein 
tissues by 
and assistance in th 
lographic analysis — of — ferritin 
structure (molecular model build- 
ing, drawing of maps, computation, 
photography). Assistance din the 
preparation of some laboratory 
classes is also expected 

Minimum qual Ons: 
in Applied Biology 
Chemistry. 

Salary on scale £2,688 to £3,060 
per annum (under review). 

Please write to the Administra- 
tive Officer. (Personnel) (Ref. 
51145/N). The University, 
Sheffield S10 2TN. 9320(A) 





ONC. 
and/or 








GRADUATE RESEARCH AS 
ANT required for k in 7 
Culture and € 
Experience in cell 
or microbiology 





"issue 





















vantage plications 

Admini Assist Paediatric 
Research The Princ Philip 
Research Laboratories. Guy's Tower, 


London Bridge SET ORT 9295¢ A) 


GSIRO@ AUSTRALIA 


Research Scientist 


Division of Fisheries 
& Oceanography 
Perth, WA 


CSIRO has a broad charter for research into primary and 
secondary industry areas The Organization has approximately 
7000 employses—2400 of whom are research and professional 
scientists—located in Divisions and Sections throughout 
Australia 


Fleid: Biological Oceanography 

General: The Division is Australia’s pnncipal manne research 
institution with about 70 ecientists investigating the physical, 
chemical and biological features Including fishenes of the 
oceans around Australia Headquarters of the Division are at 
Cronulla, Sydney, with regional laboratones In Perth, Bnsbane 
and a fteld laboratory at Karumba On-line access to a Cyber 76 
computer is available. Two well-equipped medium sized 
chartered veesels are available for ocesnographical research 
and there are several smaller CSIRO vessels. 

Dutles: To inato and carry out research In primary and 
secondary productivity of limestone reefs off SW Australia, 
with particular attention to the interaction between offshore and 
onshore influences as determinants of the stabiltty of the benthic 

em 

Qualifications: A marine ecologist із required with 
experience in plant and animal physiological and biochemical 
ecology, and knowledge of biochemical techniques, and the use 
of radioactive isotopes Minimum formal qualifications are a 
PhD or equivalent. 

Salary: Reeearch Scientist: $A14829—$A18177 ра or 
Senior Reesarch Scientist $A18819— $A21543 р.а. 

Tenure: indefinite with Superannuation 

Applications IN DUPLICATE, stating full personal and 
professional details, the names and addreesas of at least two 
professional referees, and QUOTING REFERENCE NUMBER 
320/808 should reach— 

The Personne! Officer, Australian Scientific Lialson Office, 
Canberra House, 10-16 Maltravers Street, London WC2R 3EH, 
by 24th February 1979. 

Applications in U S.A and Canada should be sent to—The 
Counsellor Scientriic, Embasey of Australia, 1601 Massachusetts 
Avenue, N.W , Washington, О.С, 20036, U S.A. 9289(A) 








INSTITUTE OF GEOLOGICAL SCIENCES 
GEOCHRONOLOGIST 


The Institute has a vacancy based in London for a geochronolognt to 
logical age determination studies in the U K and overseas, 
er the development of cochronalogy and wotope geochemistry 

by research Tato analytical the interpretation of analytical 
data It is anticipated. that work on оа from overseas will constitute 
a major part of the activities of the post and will involve abort periods 
of feld work in developing countries Work overseas will involve co- 
operation with Geological Surveys and with 1.0 S manned technical 
азыйапсо project. 
QUALIFICATIONS 

Applicants should normally be under 32 and have a good honours 
dogres Шоо! оку от iha’ руса! асосе MUR рош кмш CERIS T 
in at least two methods o Ue wal age determination work. of 
appointment and starting depend on qualifications sod 
experionoe. 


Senior Scientific Officer . 

Starting salary may be above the mmfmum. 
London Weighting Allowance of £465 per annum  Non-contnbutory 
pension scheme. 

The staff of Council are not Civil Servants but their pay and con- 
ае of meer are simular to thoss of scientists in the Civil’ Service. 

For an appheation form to be returned February 23, 1979, write to 
Establuhments (Recruitment DUE Inst of Geological Sciences, 
Exhibition Road, London 


Please quote reference a. 
NATURAL ENVIRONMENT RESEARCH COUNCIL 


9306(A) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 


Appheations aro invited for appoint- 
ment to the following 


JOHN CURTIN SCHOOL OF 
MEDICAL RESEARCH 


DEPARTMENT OF 
CLINICAL SCIENCE 


RESEARCH FELLOWS 
(2 positions) 
Candidates for these positions should 


two years but in excepxio 


thelr appointments in first half 
of 1979. 

Applicants shonld for reports 
from three тейогесв to be 


A salary loading of up to $A5,000 
per annum may be paid to an a 
cant holding appropriate ical 
qualificabons. 

Further information may be obtained 
from tho Acting Head of the Depart- 
ment, Dr M. A Denborough, 
Unrversity 


CLOSING DATE: February 28, 
1979. 


DEPARTMENT OF IMMUNOLOGY 
SENIOR RESEARCH 


FELLOWS/RESEARCH 
FELLOWS 
Two бороз are available for 
suitably qualified — scientists 


Нтсцоск, the major histocompatibility 
complex of cattie, the immunological 
aspect of reproduction, foetal-maternal 
mteractions, the physiology of the 
nunmune response, tranapiantation 
bi , the unmunobiology of cancer, 
and unological tolerance Scientists 
doing research {nto any of these areas 
either from the physlological, bio- 
chemical or cellular standpoint will 
be conmdered 


A salary loading of up to $A5,000 
per annum may be pard to an appli- 
cant  boldmg appropriate m 


qualifications, 

CLOSING DATE February 23, 
1979. 

SALARIES: Salary on appointment 
will be їп accordance with qualifica- 
tlons and expenenco within tho ranges 
Senior Research Fellow $A22,049 io 
$26,301, Research Fellow $А15,786 to 


$20,606 annum Current exchange 
rates SAI 58p - $UST 14 


Tewnure Appointment as Senior Re- 
жештен Follow. ш аостапу Гог 3 years 
in the first instance with tho possibilit 
of extension to 5 years unless other- 
wise sated. 


Other conditioms’ Reasonable ap- 
peintment expenses are paid 
Superannuation benefits are ауа: 
able for applicants who are ohgible to 
contribute — Amistance with finding 
tion is provided for an 
appointee from outsde Canberra 


The puer reserves the nght not 
to make an ent or to make 
an "appointment by invitation at any 
t 


Prospective apphcants should obtain 
further particulars from the Assocm- 
ton of Commonwealth baer 
(Appts), 36 Gordon ndon 
WCIH OPF. 5313A) 





UNIVERSITY OF BATH 
DEPARTMENT OF 
BIOCHEMISTRY 
Applomtons are invited for an 
EXPERIMENTAL OFFICER 


the  giycoprotein 


The tenure of the post is one your 
Experience in gas chromat 
analyss of carbohydrates and/or tro- 
munochemistry would be an adyan- 


Porsonnel 
University of Bath, Beth BA2 TAY, 
uoting reference number 79/10/N 
osing date wil be February 1 
A) 


PRINCETON UNIVERSITY 
The Department of Biology has an 
opening at the level of 


LECTURER 

in September 1979, to super- 
viso а laboratory cours in intro- 
ductory biology E 


grt Princeton Univermty, Princo- 
ton, 1 540 


Prnceton University is an 
ee ee Action 
9306(А) _ 


CENTRAL PUBLIC 
HEALTH LABORATORY 
National Collection of Type 

Cultures (N C. T.C.) 


of test resalts by reference to com- 
puter-stored data bases Systems uss 
Mark Reader fors, Data 


pio "London Weighting 
{тйс scale, Uf applicable, £3 ESASI 
to £6,837 plus 
N H.S, Dosignated scalis- 9 К, 
to £6,025 plus London Weighting 
Ring 01-205 7041 for a more de- 
an 2B deecnption (Dr L. R. 
= Extn. 86 and E es an 
on form 
smit 12—Central Pablo Health 
Тане Colindale Avenue, 
Mate February 15, pod 
929XA) 
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THE UNIVERSITY OF MANITOBA 


invites applications and nominations for the 
position of 


.DEAN OF THE FACULTY OF SCIENCE 


The Faculty of Science at The Untversity of Manitoba has a 
complement of 180 faculty and 90 support staff. Its twelve 
departments and units span the Biological, Mathematical and 
Physical Sclences; they offer a full range of undergraduate 
Sclence programmes for approximately 2,100 students enrolled 
in the Faculty, courses for a large number of students from 
other faculties and schools and M.Sc. and Ph.D. programmes 
for about 280 graduate students. 


Candidates should have achieved distinction as scholars in & 
major field of Science, have a commitment to advancing 
er education in Science and have strong leadership ability. 
Relevant administrative experlence and knowledge of the 
Canadian educational system would be assets. 


The appointment is expected to commence September 1, 
1979, and will be for a renewable term of normally five to 
seven years. 


"Please address responses to: 
Provost R. A. Johnson, 


Chairman, 
Selection Committee for Dean of the Faculty of Science, 
Room 202, Administration Bullding, 

The University of Manitoba, 

Winnipeg, Manitoba, 

Canada, R3T 232, 


үр nominations and suggestions will be received 
March 15, 1979. 9171(A) 


Synthetic 
Organic Chemists 


Medicinal and Animal 
Health Research 


We require two additional Ph.D. organic chemists 
with several years’ experience at the post-doctoral 
level, who are able to demonstrate a sound record of 
creativity and who possess those personal qualities 
necessary to stimulate and catalyse good ideas with 
other members of the project team with whom they 
work. 


Our projects sre organised on multi-disciplinary 
bases and it is most Important therefore that the 
successful candidates can think well beyond the 


purely chemical field and be able to originate 
synthetic programmes based on biological con- 
cepts. Effectrve communication with colleagues In 
other disciplines is vital. We would expect those 
appointed to be capable of organising and running a 
project of thelr own within the forseeable future. 


The appointments carry starting salaries in the 
£6/8000 range and in addition to offering excellent 
career prospects there is good bonus potential. 
Pension, death benefit and salary continuance 
schemes are in operation, and there Is generous 
assistance with relocation expenses to а pleasant 
coastal/rural area. Flexible hours are worked and 
the social/recreational facilities, which Include 
squash, sailing, etc. are first class. 


ROYAL DENTAL HOSPITAL OF LONDON 


SCHOOL OF DENTAL SURGERY 
(Unlversity of London) 
32 Leicester Square, London WC2H 7LJ 


Applications are Invited for the post of Lecturer in Dental Materials 
Sclence in the Department of Physica! Sciences of the School 
The appointment will be to the permanent academic staff of the 
School and the successful candidate will participate fully in all 
aspects of the work of the Department, including undergraduate 
and postgraduate teaching and research, for which adequate 
facilities are available Applicants should have good academic 
qualifications and research experience in materials science or a 
related field. 

Salary will be within the range £3,906-£7,754, plus London 
Allowance of £450 per annum, superannuable The successful 


Applications from men and women, whlch 
will be treated in confidence, giving brief 
details of qualifications, experience, age, etc. 
should be sentto : 


D. W. Sells, Pfizer Central Research, 
Sandwich, Kent, CT139NJ. 
9277(А) 





candidate will be expected to take up duty as soon as possible 
Applications with full cumriculum vitae and names of three referees 
should be submitted to the School Secretary not later than 18 


FEBRUARY 1979. 


POSTDOCTORAL POSITIONS 
EREDOCTORAL POSITIONS 


The Unrversity of Kentucky Colleges 
of Medicine has both postdoctoral and 


b and Immunology for indi- 
nd interested in the genetic control 
of membrane development and bio- 


octoral salary will be 
е. рона per annum 
«pon 


Both t and research amistant- 

th аго а le. 

Е inquic should a sent to 
, Department Medical 

SMicrob: and Immunology, Unr 

тегу of Coll of Medi- 

cine, A. B 1 Center, 


opportunity employer F/M 
9212 





9314(A) 





GUY’S HOSPITAL 


MEDICAL SCHOOL 
(University of London) 


Ming the role of cell Adan 
rane components fn cell 


regulation and cell differen- 


Position available to 





MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 


FACULTY OF MEDICINE 


ASSISTANT PROFESSOR 
OF IMMUNOLOGY 


re- 
quired at Professor (and 
Postdoctoral fellow) level to 
others in a medical school immuno 
group Special research strengths of 
this are та. P. HLA lab 
mandard), 
алуы" collaborative 
relationships with the bank, bio- 
chemical and 


group щщ also involved m teaching, in 
a chnicel  unmunology diagnostic 
laboratory and with a transplantation 


ty 
Memorial’ University of cundiand, 
Canada, AIB 3V6. 9137(A) 


UNIVERSITY OF 
CAMBRIDGE 
PROFESSORSHIP OF 
MATHEMATICAL 


PHYSICS (1967) 
Applications invited for above 


primanly asugned to the Faculty 
of Mathematics and the Professor 
wil be eccommodated іп the 
Department of Applied Mathe- 
matios and Theoretical Physics 
Preference will be given to can- 
didates whose work is conected 


with theoretical clementary particle 


physics. 
Present pensionable stipend 
£10,939. 


lications (10 comes) marked 
E ential’ should be sent to the 


Cambndge CB2 ІТТ. Names of 
two referees may be submitted if 
desired, 
Closing date: February 28, 1979. 
9345(A) 





We wish to appoint someone with experience in the 
medical or biological sciences to head a fully estab- 
lished research team in our Preclinical Research 
Department. The work of this team is mainly con- 
cerned with gerontological and pharmacological 
problems. 


The person appointed will have a university degree in 
the medical or biological sciences backed by practical 
experience in the fields of anatomy, pathology or 
brain research. Importance is also attached to a 
knowledge of morphometry and/or stereology and to 
a good command of the English language. 


Applicants are asked to send a short letter of 
application in the first instance to: 


SANDOZ 


Sandoz Ltd., Personnel Dept. Ref. 1200, 
Postbox, 4002 Basle, Switzerland. 9321(A) 


Cambridgeshire Area Health Authority (Teaching) 


Addenbrookes Hospital 
Cambridge 


Applications are invited for the NHS post of 


Senior Biochemist 


in the Department of Clinical Biochemistry, which is comprised 

] of both NHS and University elements. This post is primarily 

| concerned with diagnostic services. The laboratory acts as a 
regional centre for a number of analytes and has excellent facilities 

| for research. Candidates should possess a higher qualification 

| and at least 4 years of relevant experience, Further trainiag for 

| final M.C.B. and M.R.C. Path. qualifications is available. Whitley 
Council conditions of service; salary scale £5,451 - £6,837. 


Enquiries relating to the post and requests for application 
forms should be addressed to Professor C. N. Hale, 
Department of Clinical Biochemistry, Addenbrookes 
Hospital, Hills Road, Cambridgeshire, CB2 2QQ. 

Tel: 0223 45151. Ext. 7152. 


The closing date for applications is March 1. 9294(A) 


UNIVERSITY OF EXETER 
CHAIR OF PHILOSOPHY 


Applications are invited for the Chair of Philosophy, made 
vacant by the retirement, on September 30, 1979, of Professor 
D. J. O'Connor. No field of specialisation is prescribed for the 
Chair. Salary will be within the agreed professorial range, 
currently £9,443 minimum, £11,055 average, per annum (under 
review). 


Further particulars should be obtained from the Academic 
Registrar and Secretary, University of Exeter, Northcote House, 
The Queen's Drive, Exeter EX4 4QJ. Closing date for receipt 
of applications (13 copies, overseas candidates | copy), Feb- 
ruary 26, 1979. Please quote reference number 3197. 9309(A) 
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Ph. D. DRUG 
METABOLISM 


In recent years the discovery and development of new 
drugs has lead to an increasing demand for insight 
regarding their safety and mode of action. It has been 
recognised that the species differences in drug 
responses and toxicity which complicate the evaluation 
of drugs in laboratory animals can often be explained 
by corresponding species differences in the metabolism 
of the drug. Thus, the investigation of the absorption, 
distribution, metabolism and excretion of drugs in 
laboratory animals and man leads to a better under- 
standing of the mode of action and toxicology. This 
briefly is the work of our Drug Metabolism Department. 


We are now looking for an additional Ph.D with a broad 
understanding of pharmacology and drug research 
who has a strong desire to use this knowledge in drug 
discovery, and who wants to interact closely with multi- 
disciplinary discovery teams. 


The appointment, which is particularly suitable for a 
man or woman with 2/3 years post-doctoral experience, 
offers excellent career prospects, a competitive salary 
and good bonus potential. Pension, death benefit and 
salary continuance schemes are in operation and there 
is generous assistance with relocation expenses. 
Fiexible hours are worked and the social/recreational 
facilities, etc., are first class. 


Applications, which will be treated in 
confidence giving brief details of 
qualifications, experience, age etc., should be 
sentto:- 


D. W. Selis, 

Pfizer Central Research, 

Ramsgate Road, 

Sandwich, 

Kent CT139NJ 9348(A) 


Senior Research Position N/400 

Basic research, preferentially in molecular 
genetics of eukaryotic systems, molecular 
immunology, cell biology or neurosciences. 
The position will be equipped with sufficient 
investment funds and with the possibility 
to start a group consisting of one technician, 
one postdoctoral coworker and students. 
University affiliation possible. Cooperation 
with existing groups in DNA repair, cell 
biology and mutagenicity desirable. 
Applications should include a personal record, 
a list of publications and a brief description 
of intended research. 














Postdoctoral position N/400 
Biochemical and molecular characterization 
of immune deficiencies, within new research 
group: H. Ponta, H. J. Rahmsdorf and P. 
Herrlich. Applications should include a 
personal and scientific record including list of 
publications. 

Deadline: March 1, 1979 


Address: Kernforschungszentrum, IGT, Post- 
fach 3640, D 7500 Karlsruhe, Germany. 




















Kernforschungszentrum | 
Karlsruhe GmbH 
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Experimental 
Scientists 


Neutron Scattering Instrumentation. 
Rutherford Laboratory. 


A new intense source of pulsed neutron beams, the spallation 
naiur scores is benr bit at the Rutherford iei Nar eas 
research programmes of U.K. universities and polytechnics. A 
substantial number of neutron scattering instruments will be provided 
based on the tame-of. t method. A wide range of equipment and 
techniques is involved; for example, position sensitive detectors for 
epithermal neutrons; high resolution choppers; sample environments 
controlling parameters such as temperature, pressure, magnetic field; 
neutron guides; neutron polarisation systema. 

There are vacancies in the Neutron Beam Research Unit for 
expérimental scientists to participate in the development and provision 
of this equipment. As part of their development activities those 

appointed will have op ities to work with research scientists using 

instruments at and the Institut Laue-Langevin, Grenoble. 
Applicants should havea E mph or applied physics, or an 
equivalent and preferably some experience in fields such as 

deus boh du vacuum, cryogenics, Appointments will be made to 
permanent positions in the Science Group at the level of Scientific Officer 
or Higher Scientific Officer. 
Salary Scales: Scientific Officer £3,087-24,724 

Higher Scientific Officer £4,888-£5,829 

Please apply to Jane Griffiths in the Personnel 
Group on 
Abingdon (0235) 21900 Ext. 510 or write to her 
quoting Reference No. VN 768. 
Cloamg date for applications -16th February, 1979. 


RUTHERFOR 
Science Research Council 


Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire OXI] OQX. Tel Abingdon 21900 

























Botswana 


Forest Officer 
Up to £10,100 Plus Allowances 


A graduate In forestry, preferably with Б years relevant post- 
qualification experience, [s required for the management of 
indigenous forests and the protection of forest resources In this 
developing Afncan country. 

Salary includes a substantial tax-free allowance ракі under Britain's 
overseas ald programme Basic salary attracts а 25% tax-free gratulty. 


Benefits include free passages, generous pald leave, chikdren’s 
holiday visit passages and education allowances, subsidised housing, 
appointment grant and interest-free car loan. 


The terms on which civil and pubic servants may be released If FELLOWSHIP І 


selected for appom tment will be subject to agreement with their tenable for a velot of upto thros 
present employers. yoars, is available for work on tho 
For full detalis and application form write quoting MD/149/NA. 


ИА НЫ € 


The Crown Agents for Oversea Governments and 
Admmistratons, Recrurtrrent Dision, 9350(A) 
4 Millbank, London SW1P 3JD 
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UNIVERSITY OF EXETER 
DEPARTMENT OF PHYSICS 
POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited from 
suitably qualified persons for an S.R.C. 
toral ellowahip. The 


ents involve 


Commencing salary will be/ in ‘the 
range £3,883 to £4,382 per annum The 
post m superanovated 


Further may be obtained 
from Professor A F. G. 
Department of Ph Univernty o 


Exeter, Exejer EX4 L, to wbom 
applications, two copies (one copy 
from candidates li overseas) and 
the names of three erees should be 
*ent by February 21, 1979 9325(E) 


ot C RNA tumour viruses 
reference to their айу tu 
transform cells of nucleic 


аси! techn in particular the 
use of in лгы hybndisation techniques, 
while not esential, would be an ad- 


vantage. Starting will be be- 
twoen 1 and 6 on the Research 
1A £3,883 to £6,555 per annum 
The Fellowship (funded by the Medical 
R is available from 
March 1, 1979 and is renewable on 





UNIVERSITY OF 
CAMBRIDGE 


Broodbank Fellowships 


ATO invited for тесеу 
for time research normally 


pers publuhed or references thereto 
End names and address of at least 








Nature Vol. 277 25 January 1‹ 





FELLOWSHIPS—continued 








Commonwealth 


To commemorate the Royal Visit to Australia in 1963 the 
Australian Government established the Queen Elizabeth IT 
Fellowships scheme. Under this scheme up to ten fellow- 
ships may be awarded each year for full-time research by 
young scientists of exceptional promise and proven capacity 
for original work. These are post-doctorate awards tenable 
in an Australian university or approved research institution 
normally for two years. Tenure of a Fellowship is expected 
to commence within nine months of the announcement of 
the award. 





QUALIFICATIONS: Queen Elizabeth II Fellows must be 
either Australian or United Kingdom citizens, They should 
have a Ph.D., or equivalent qualifications, in one of the 
physical or biological sciences (which are deemed to 
include mathematics and the scientific aspects of statistics, 
engineering, metallurgy, agriculture and medicine). Awards 
will, in general be restricted to applicants who are not more 
than 30 years of age on the date when applications close. 
Applications will also be considered from candidates for the 








of Australia 


ЖЫЛ 


QUEEN ELIZABETH II FELLOWSHIPS 
Physical & Biological Sciences 


Ph.D. degree if their thesis has been submitted for examin- 
ation. 


STIPEND: $17 131 (Australian) per annum ~ increased to 
$18 403 per annum at age of 28 years. 

ALLOWANCES: Are payable in respect of a Fellow’s 
dependent spouse ($500p.a.) each dependent child ($200), 
superannuation payments (up to 10 per cent of stipend), 
appropriate insurance coverage and necessary travel 
expenses. 


APPLICATIONS: Persons interested in applying for the above 
fellowships should obtain application forms and a statement of the 
conditions of award from the Secretary, Queen Elizabeth Fellow- 
ships Committee, Department of Science, P.O. Box 446, Woden 
A.C.T. 2606, Australia: the Minister (Scientific), Canberra 
House, 10-16 Maltravers Street, London, WC2R ЗЕН, U.K.; or 
the Australian Embassy, 1601 Massachusetts Avenue, Washington 
D.C. 20036, U.S.A. Applications for the next round of awards, 
which will be announced in June 1979 close at the Canberra 


address on 16 March 1979. 932E) 

















EMBO 


European Molecular Biology Organization 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 


SPRING 1979 AWARDS 
Next deadline: February 20, 1979 


The long term fellowships will usually be for a period of up 
to one year but applications for a renewal for a second year 
are considered, To be eligible a candidate must hold a doctor’s 
degree. Preference will be given to European and Israeli appli- 
cants wishing to work within Europe or Israel. EMBO long 
term fellowships are not, however, awarded for exchanges 
between laboratories within any one country. Applications for 
fellowships to be held outside Europe and Israel are considered 
but they have a lower priority, as do applications from non- 
European scientists wishing to work in Europe or Israel. 


The deadline for applications for the 60 fellowships to be 
awarded in April 1979 is February 20, 1979. Because the 
selection procedure involves an interview this deadline should 
be respected. 


Application forms and further details may be obtained from 
Dr J. Tooze, Executive Secretary, European Molecular Biology 
Organization, 69 Heidelberg 1, Postfach 1022.40, F.R. 
Germany. 9278(E) 








THE ROYAL SOCIETY 


LOCKE RESEARCH FELLOWSHIP 
ROSENHEIM RESEARCH FELLOWSHIP 


Applications are invited by the Council of the Royal Society for: 


(a) A Locke Research Fellowship for research in experimental 
physiology and pharmacology. 


(b) The Rosenheim Research Fellowship established under the 
will of the late Mrs M. C. Rosenheim for research on the 
biochemistry of plants and the simpler forms of animal life. 
Preference will be given to candidates wishing to study the 
biochemistry of higher plants. 


Both appointments are tenable in any appropriate university department 
or research institution approved by the Council of the Royal Society 
(the Rosenheim Research Fellowship is restricted to places in Great 
Britain). Candidates should supply the usual personal details and two 
referees, Testimonials will not be considered. The subject of the proposed 
research and where it will be done, together with the name of the head 
of ш department, whose consent should first be obtained, must be 
stated. 


The appointments, which will be subject to the Society's general 
regulations governing research appointments, will be tenable for three 
years in the first instance from October 1, 1979, and may be renewable 
for a further two years, such renewal being considered at the end of 
the second year of tenure. Applicants should preferably be under 33 for 
the Locke Research Fellowship and under 26 for the Rosenheim Research 
Fellowship on October 1, 1979. Stipend scales are as follows (the point 
of entry will be determined by Council), and superannuation benefits are 
provided: 

Locke Research Fellowship (Category C): £6,153 by £240 to £7,113 
by £243 to £7,356 per annum. 

Rosenheim Research Fellowship (Category Dy £4,461 by £249 tc 
£5,706 per annum. 

Applications should be made on forms to be obtained (stating name ot 
Fellowship) from the Executive Secretary, The Royal Society, 6 Carlton 
House Terrace, London SW1Y SAG, and should be received not later 
than February 28, 1979, 9275(E) 
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FELLOWSHIPS—continued 


EMBO | . 
European Molecular Biology Organization 
LONG TERM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 


SPRING 1979 AWARDS 


Apphoation forms and further details 


Toore, Executive 


Secretary, European 
69 Hektelberg 1, Postfach 1022.40, F.R. 


: POSTDOCTORAL 
RESEARCH ASSOCIATE 


requred to work on DNA-protein in- 
teractions, on the structure of chro- 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 
in of Chemistry, 

Sou University. The 
will work with B 


Cleaver, Department of Chemutry, 
University of pton, from 
whom be 
obtained. Please e reference 
number 1608/R/Na 931E) 


may be 
Molecular 
Germany. 





UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF PHYSICS 
RESEARCH FELLOWSHIPS 
IN CRYOGENICS 


Applications are invited for post- 
doctoral fellowships to work on ths 


following projects: 
(1) Heat transfer in the roboller/ 
кызу moll гй aad d fal 
a 


model mgs and 

length test seoGon. 
Q convective flow in 
vapours and 


of helium at 3,000 r.p.m. for the 


USS. sits. 

Applications with names of two 
ее» abould be sent to М d 
versio, Highfield, 

SNH. Please quote referenco по. 

1607/2 /Na. 

STUDENTSHIPS 
MEDICAL RESEARCH 
COUNCIL 


BRITISH MUSEUM 
(Natural History) 
POSTGRADUATE 
RESEARCH STUDENTSHIPS 1979 


Three studentships will be available, tenable for З years, at the Britrsh Museum 
(Natural History) and commenomg October 1979. 
Arrangements will be made with an university for higher degree 


appropriate 
registration and joint supervision of the research project. 
The researoh projects for which appkcations are invited ars as follows :— 
DEPARTMENT OF BOTANY 
1. Fine structure and cytoohermuetry of reproduction m the seagrass Zostera. 
І DEPARTMENT OF ENTOMOLOGY 
2. Phylogenesis of Danaus butterflies, as demonstrated by numencal taxonomy, 
7 hybridisation phylogenetic systematics. 


and Неплҳал 
3. Comperative anatomy of the reproductive system in aphids. 
DEPARTMENT OF ZOOLOGY 
4. Taxonomy and zoogeography of polymorphic cyclopoid copepoda, 


ELIGIBILITY 

Appiloants to be aged 27 or lees, ordinary resident In Greet Britain, and to have 
a first or upper-second clase honours degree; students gradusUng m 1879 оюп 
be offered swarde subisct to their degree results reaching this level. 

Students interested in applying should write to the Secretary (Postgraduete 
Studentshipa), British Museum (Natural History), Cromwell Roed, London 
SW7 5BD, for epplicabon forms, oondrtons of the awards, and for further 
Informaton on projecte. . 

Closing date for reosipt of completed applioations forme—Maroh 18, 


1978. 
8249(F) 








University of Wales 
UNIVERSITY COLLEGE 
OF SWANSEA 


CASE. STUDENTSHIP 


Apploations are invited from 
porsons , от expecting to 
obtain, & bonours degree in 
ог a C.A.S E. Sudent- 

research 


UNIVERSITY OF ESSEX 
DEPARTMENT OF CHEMISTRY 
Applications are invited for an 
S.R.C. C.A.S.E. RESEARCH 
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SYMPOSIA-—continued 


NATO 
Advanced Study Institute 


near MONTREAL, 


the entire duration at the ASI 
pee forms may be obtained 
from: 





MISCELLANEOUS 


SCIENCE. AND SOCIETY 
SACU's 21-day SCIENCE 


STUDY TOUR leaves March 1$, 

an опта 

China and study tho 
rode of 


‘appropriate’ technology. 
CHUNGKING AND 
THE YANGSTE GORGES 








to se || 


ASSISTANTSHIPS 


milk Licants 
have a good honours in 
Chemistry, Sclence, or 
' Salary to £3,909 а Gepending 
pa 
on ) pius London owa&noe 
of Б р.в. а 


Elizabeth College, Campden 
Road, London W8 TAH a 


detalis “Dr J A Н. 
Mac e, Chemistry Division, hs 
ment of Ph S резал 


Ski 38D. 
76191, Ext. 147. 
CONFERENCES 


ROYAL MICROSCOPICAL 
SOCIETY MEETINGS 





*10-14 September 
Enzyme Cytoch 


*17-21 September 
Autorachography. 


Further details from: The Admuin- 


istrat Microscopical Society, 
37/38 ®. ‘Gements, Oxford ОХА LAJ 
Tel: (0865) 48768/721081. 33310 
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Q assist quick, easy reference to the 
year's papers, listing by both 
author and subject 


Q easily accommodated in Nature 
binders 


Prices 
UK 5.00 each 
Rest of World US$10.00 each 


(Payment may be made in any currency at the 
prevailing exchange rates. Cheques should be made 
payable to Nature. Ail prices include postage.) 


Ürder form 


To: Macmillan Journals Lid, Brunel Road, 
Basingstoke, Hants, England RG21 2XS 


Please send me Nature indexes 
in the quantities shown. 

















Postal/Zip code 


Reg. No 785998 England 
Reg Office 4 Little Essex Street, London WC2R ЗЕ. 
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BRL Electrophoresis 
Systems 


SEQUENCING GEL 
T| Be ELECTROPHORESIS 
| | SYSTEM 
| Be eDirect buffer 
das ч 








EXCLUSIVE 


LABELED PROTEINS 


OF DETERMINED 
MOLECULAR WEIGHT 





| paper wic 
ә Unigi 












• Comb and spacer sets for 0.4 07 7,15 ‹ 
* Design eliminates need for fragile notched gia 
e Fully warranted for 90 days e cat. no. 1030 





Cytochrome C, methylated, {methy/-'4C]- 12,300 









(Horse heart) NEC-716 BRL Acrylamide—BRL Agarose 
Carbonic anhydrase, methylated, 30,000 INTRODUCTORY OFFER— 
[methyl-'4C]- (Bovine erythrocytes) NEC-718 NOW THROUGH FEBRUARY 28, 1978 
Ovalbumin, methylated, [methyl-'*C]- 46.000 Purchase a SEQUENCING Gel Electrophore 
(Hen's egg) NEC-717 | and receive 100 grams of BRL Acrylamide with our 

i compliments 
Albumin, methylated, [methyl-'*C]- 69,000 —ALSO— ] 
(Bovine serum) NEC-719 Purchase a BRL HORIZONTAL Gel Elec 
Phosphorylase B, methylated 92.500 System and receive 100 grams of BRL Agarase 


[methyl-'*C]- (Rabbit muscle) NEC-727 compliments. To order: 


Pack d: 1uCiand 5uCi i ice. 
PASE E ESR BRL Bethesda Research Laboratories, inc. 


411 N. Stonestreet Avenue, Rockville, Maryland 20850 
Call: (301) 340-0448, or (800) 638-8992 


549 Albany Street, Boston. Mass. 02118 Circle No. 03 on Reader Enquiry Card. 
Call toll-free: 800-225-1572 
{in Massachusetts and International: 617-482-9595) 


Not for use in humans or clinical diagnosis. 





NEN Chemicals GmbH. Dreieich, W. Germany; NEN Canada Ltd.. Lachine, Quebec 
Circle No. 02 on Reader Enquiry Card. 


SCIENTIFIC INSTRUMENTS 
LABORATORY EQUIPMENT 


| Microprobe 
For only £70 THERMOMETERS 
you can 

























Medwire Corp. - 
stocks a wide variety | 


TEFLON” 






We make 14 thermom- 


h digital or meter 
















. eters 
advertise your en М ы т 2 зна ше COATED. 





d temperature, 


„> probe — т 
" U kable probes are steel 


Models sheathed including 
EEUU Ф nq 
BAT-7 INDUSTRIAL Microprobe, 0.01" dia. 
ВАТ-В DIGITAL ^C ar ^F 


TH2 CLINICAL Tho Modern Way 


stainless steel, 
silver, multistrand 


product in this 
space and reach 
an audience of 





| Medwire Corp. . and single strand 
| Affiliate of Sigmund Conn Corp. 


| 123 So. Columbus Ave. available for prompt 
| Mt. Vernon, NY. 10553 Shipment. Write for | 
| 914-664-5300 descriptive brochure | 

















to Measure | 
BAILEY INSTRUMENTS INC. (Teo M E ааа. NE RIOR 
over 400 ‚000 Saddle Brook, N.J. 07662+(201) 845-7252 Circle No. 32 


Circle No. 30 


scientists 
Phone 

Marion Delaney 
on 01-831 6901 
(or Mary Wade 
(202) 737-2355) 

for further 
details 


Rocks & Minerals Always wanted 


SPECIMENS FOR 
RESEARCH — STUDY — DISPLAY BACK RUNS OF 
Bulk minerals f H pur Y 
Sets i Basie) faci: УЧТА апа JOURNALS 
radioactives. Ground Rock sections 


Acvanced collectors specimens, In Science and the 


fiuorescents and micro-mounts 


SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 
Singer Micromanipulators enal 
make exact movements wilh: 
lost motion, n thu 


Sets of geological! specimens for 'O and Humanities 
‘A level examinations : е AMO, 
Send S.A.E. for stock list DAWSON BACK ISSUES 
ROCKS AND MINERALS, Back Issues Department, 
4 ROYAL CRESCENT, Cannon House, Folkestone, 


avatable. AH simple to E 


operate 

SINGER INSTRUMENT CO. LTD. 1 
Treborough Lodge, Roadwater, | 
Somerset. | 


CHELTENHAM, x | 
GLOS GL50 3DA. ,. Kent, England 
Tel. 0242 27232 Tel: Folkestone 57421 


Telex: 96392 
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JU, өөө 


It'sall very well being poker-faced when the question of safety is raised 

. but when disaster looms and the only advice is ‘‘Run’’! you must 
admit that things are a little out of hand. Take the gamble out of work in 
the laboratory . . . make sure you always have a full house . . . keep 
yourself informed about safety regulations and requirements. 





BDH has a wide range of wall charts and safety aids for the ИТИ 
ask for details . s 





Fari nable 
Explo., : 
Stes 





Corrosive 





т BDR) BDH Che micals Ltd Poole внз IN 


Circle No. 04 on Reader Enquiry Card. 
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Sephacryl’ 


the different medium for gel filtration 


ө Faster separations: Sephacryl has speed and resolution to spare; separates 
proteins 5-10 times faster than conventional media. 


e Faster packing: Sephacryl is pre-swollen, ready-to-use and packs fast. 
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Bang!—you’re seriously injured 


WnaT. constitutes inhumane weaponry? Some,’ doubtless 
dismissed as soft-headed do-gooding  pacificists, might 
wonder whether humanity can solve any dispute by’ pro- 
jecting a small metal object at a velocity of up to 1 kilo- 
metre.per second into the body of an adversary causing 
all manner of totally unpredictable damage. But so sated 
are we, as a culture, with letting the disagreements of 
individuals, groups and nations be settled by technological 
means totally unrelated to the merits and demerits of th. 
case in question that the issue of just what weapons a 
nation can acceptably deploy has had to be faced for more 
than a century, and will be the subject of a United Nations 
conference later this year. | 

The St Petersburg Declaration of 1868 was the first inter- 
national agreement on the subject, and its principles are 
worth repeating even today. They state that the only legiti- 
mate objective should be to weaken the military forces of 
the enemy, and for this purpose it is sufficient “to disable 
the greatest possible number of men" They go on to state 
that it would be contrary to the laws of humanity to exceed 
this objective by employing arms which “‘uselessly aggravate 
the sufferings of disabled men or render their death inevit- 
able". The principles that military actions should not be 
indiscriminate, particularly’ avoiding civilians, and that 
weapons which cause injumes having no military utility 
should be banned, have continued to be at the centre of 
conferences ever since. In 1907 (in response to the threat 
of chemical warfare) the concept was added at the Second 
Hague Peace Conference that cruel and repulsive weapons, 
even with military utility, should also be prohibited. Need- 
less to say these ideals have been widely ignored. 

SIPRI, the Stockholm International Peace Research 
Institute, today publishes a valuable guide to the subject of 
inhumane warfare. Anti-personnel Weapons ‘(Taylor & 
Francis, £9.00) by Dr Malvern Lumsden, a researcher at 
SIPRI, is an attempt to bring together all the scattered 
information available about ammunition, grenades, bombs 
and mines used primarily against people rather than 
matériel. This is done within a historical framework, making 
it particularly easy to see the evolution of weaponry and 


attitudes Dr Lumsden also includes a brief discussion оп’ 


emerging methods such as acoüstic and laser techniques. 

The St Petersburg Declaration was in part a response 
to a general concern in the mid-nineteenth century that 
exploding bullets might come into general use, but already 
by then conical bullets were inflicting more severe wounds 
than older spherical ammunition, and it was beginning to 
be noted that bullets could be designed to splay out on 
encountering an obstacle. Eventually, of course, this led to 
the Dum-Dum bullet, having a soft metal nose which ex- 
panded on penetration, causing extensive internal damage. 
Britain argued for the Dum-Dum bullet in colonial 
operations at the Hague conference of 1899, saying that 
whilst soldiers were incapacitated by a single projectile, 
-"the savage, although run through two or three times, does 
not cease to advance"; hence the need for a more damaging 
bullet. But the conference reaffirmed the need to avoid 
` superfluous injuries. 


- Twentieth century warfare has been somewhat different 
Certainly bullets have continued to be widely used and many 
of these, fired from lighter weight rifles, have been of 
smaller calibre. This diminishes effectiveness if the bullet 
just drills a narrow hole through the body, but if it can be 
made to tumble and even fragment within the body, damage 
levels can be greatly raised. All current bullets are capable 
of causing this damage, which is reminiscent of that from 
the explosive bullets of the 1860s. But rifle and machine 
gun fire has been less successful during the First World War 
and subsequently at disabling the enemy so much as at con- 
taining him, up to fifty thousands rounds may be expended 
in modern warfare for every hit made. 

In the meantime, fragmentation weapons have grown in 
importance until now they account for 70%, of all casualties 
Recent trends in bombs, grenades and shells have been to 
design delivery systems which disperse large numbers of 
small fragmentation weapons over a wide area, and to 
increase the number of fragments produced from individual 
explosions. Furthermore, weapons can be made to burst 
just above the ground, say at eye level. 

Fragmentation weapons raise questions concerning indis- 
criminate use. Some can be delivered accurately but many 
are sufficiently widely scattered that there can be no 
guarantee that civilians are not equally victims of them. 
Delayed-action’ devices’ such as mines fall into the same 
indiscriminate category, often being triggered months or 

"even years later by a non-combatant It would be possible, 
however, to incorporate a neutralising device in a mine to 
put it out of action aften a given time. 

Dr Lumsden reports on these and many other devices 
which have been used or at least investigated, such as 
fuel-air explosives, concussion bombs, flechettes, toxic 

' bullets, baton rounds, rubber bullets and so on. He describes 
them all dispassionately, іп the best SIPRI tradition, and 
“the book deserves to be read and thought about by a wide 
range of people who would not normally give serious 
attention to conventional warfare. 

What, then, are the general questions confronting inter- 
national discussions? First one must ask whether it is really 
possible to walk at all on the knife-edge between acceptable 
and unacceptable warfare. Can a line be drawn between 
serious injury from a tumbling bullet and death from a 
non-tumbling one? And can civilians and military forces 
really be distinguished in modern guerilla warfare? As 
Lumsden points out some of the problems of fair and foul 
fighting were faced up to during the United States' involve- 
ment in Indo-China, and the Rules of Engagement at that 
time deserve serious study as a tasis of a way forward. 
Second, what is it in us that regards chemical weapons as 
crueller even than nuclear weapons and much crueller than 
guns and bombs—and is there any possibility that public 
opinion could in future be made to regard nuclear and 
conventional warfare as equally cruel? Third, is it best 
that we convene technical and medical conferences for 
precise definitions of prohibitions, a small step forward for 
arms control, or put all our effort into more extensive but 
more inaccessible measures of disarmament? D 
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US scientists to join Italians in dioxin study 


An announcement is expected later this month of a joint 
scientific investigation into the health implications of 
exposure to dioxin. Alastair Hay reports on the protracted 
negotiations leading to this decision. 


IN February the US National Academy 
of Sciences (NAS) will announce the 
formation of a binational study group 
to consider the public health con- 
sequences of exposure to 2,3,7,8-tetra- 
chlorodibenzodioxin (dioxin) Behind 
the decision to form the group—com- 
posed of equal numbers of Italian and 
American scientists—lies a history of 
nearly two years of discussion, nego- 
tiation and some doubt as to the value 
of what was seen by some as nothing 
more than yet another committee look- 
ing into the dioxin problem. 

The initiative to form the study 
group was taken by the NAS shortly 
after the accident at Sévéso in Italy in 
July 1976 when dioxin from a trichloro- 
phenol reactor was discharged over a 
populated area In the words of one 
prominent Italian scientist, the NAS 
wrote to the National Research Coun- 
cil in Italy recommending a study of 
Sévéso. The suggestion was couched in 
terms of the NAS "offering help to 
Italy" 

It seems however, that, at that time, 
Italian scientists were not over-eager to 
conduct the study proposed by the 
NAS. The letter which the NAS sent 
went unanswered until a senior Italian 
scientist happened to see it by accident 
Recognising its potential importance he 
brought it to the attention of the 
Minister of Health urging him to reply 
favourably and to invite the NAS to 
send a team to discuss the proposition 

The team, led by Norton Nelson, 
Professor of Toxicology at New York 
University, visited Italy in early April 
1977. 

When it returned, it made several 
recommendations including suggestions 
for developing a continuing relation- 
ship between US scientists and their 
Italian counterparts; the exchange of 
scientific and technical literature; the 
initiation of complementary research; 
and the organisation of workshops and 
exchange visits. It was suggested that 
the US programme be operated under 
a small steering group appointed by 
the NAS and its own National Re- 
search Council and that it relate to an 
‘appropriate counterpart’ committee on 
the Italian side. 

These recommendations were sub- 
sequently sent to Italy for approval 
together with a request for the names 
of the Italian scientists who would be 
participating in the programme Ac- 
cording to the NAS the matter then 
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‘lay dormant’ until late January 1978 
when a reply was received from Dr 
Pocchiari, Director of the Istituto 
Superion Di Sanita in Rome, naming 
the Italan members and requesting the 
formation of the NAS counterpart 
committee 

It seems to have been some months 
before the NAS prepared its final pro- 
pramme for which it sought funding 
The project it proposed was to be con- 
ducted in several phases, the first being 
simply a review of the situation. Subse- 
quently the study groups activities 
might include ''design and evaluation 
of medical follow-up studies, methods, 
and design of systems for emergency 
response to similar accidents" Thus 
the NAS made it quite clear that it 
would consider a range of issues stretch- 
ing beyond Sévéso Indeed, in Hs pro- 
posal the NAS Assembly of Life 
Sciences said that it would try to 
“develop guidelines and approaches to 
handling of future tragedies, and to the 
forecasting of potential environmental 
disasters”. 

Norton Nelson, who will be one 
of the US members of the study 
group, qualified the last proposal by 
saying that he is always wary of ‘‘cook- 
book recipes for accident prevention 
in future" and that he would be con- 
tent if the joint programme merely 
provided some general guidelines for 
action. 

With no funds of its own to imple- 
ment the joint study programme, the 
NAS sought support from several other 
sources. According to an NAS spokes- 
man the programme—which will last 
initially for two years—has been funded 
with some $120,000 by the Environ- 
mental Protection Agency, National 
Institute for Environmental Health 
Sciences and the Centre for Disease 
Control. Asked if F. Hoffman la Roche 
—the parent company which owns the 
reactor at Sévéso—had been ap 
proached for funds as well the spokes- 
man insisted that it had not. One of 
the US study group members added that 
Roche would be “amongst the last we 
would approach” for support. 

The National Academy, however, 
did consider asking Roche for funds. 
early in 1978 When informed .about 
the NAS's suggestion to approach 
Roche the Italian government made it 
quite clear that it would have no part 
in the study if the company played any 
part in funding it. Embarrassed at 
having considered such an approach 


and anxious to avoid the cancellation 
of its programme the NAS had to seek 
its finance from alternative sources. 

The NAS committee members have 
“not yet met", according to Nelson, but 
will do so in early February Following 
this meeting the US scientists will then 
meet with their Italian counterparts. 
"Out of that meeting we hope to 
formulate a programme of action", 
said Nelson. 

Sorting out that programme could be 
a delicate exercise. If, as one Italian 
scientist put it, “it is just a NAS study 
in Italy, then that is very difficult and 
complicated On the other hand, an 
international study is fine’’ What the 
Italians are looking for is a clear defi- 
nition of the terms of reference of the 
NAS study. 

One of the proposals of the NAS is 
that an epidemiology panel be set up. 
But one senior Italian scientist said 
that although the health surveillance 
programme of the Sévéso residents 
conducted by the Lombardy Regional 
Council had been less than successful 
he was "not sure that a new epidemio- 
logical study would work” 

The protracted nature of the negotia- 
tions to establish the study group has 
left one of the Italian group members 
less than enthusiastic about the pro- 
posals, particularly as the situation at 
Sévéso has changed so much One other 
criticism of the binational study group, 
advanced by some scientists, is that it 
is yet another committee set up to 
consider dioxin. Italian scientists say 
that the International Agency of Cancer 
(IARC) was to coordinate all informa- 
tion on dioxin yet that they have heard 
no more from the IARC 

Nelson denies that there will be any 
"duplication of effort" He says that 
both the IARC and World Health 
Organisation know about the NAS 
proposals and will be kept thoroughly 
informed 

Of one of the anxieties expressed 
by Italian scientists that the NAS 
progremme could be read as a criti- 
cism of their own activities at Sévéso, 
Nelson said that this should not be 
the case He felt that after the two 
week delay in evacuating the residents 
of Sévéso, the authorities had acted 
swiftly The NAS said Nelson had “no 
complaints about the handling of the 
situation by the Italians” 

The binational study group has 
recently been described by one US 
scientist as a “committee of good 
intentions’ Many other US scientists 
hope. that it will be more than this and 
they seem relieved that the programme 
has actually got off the ground at S 
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Hope for UNCSTD in New York 


David Dickson reports from New York on the third meeting of 
the preparatory committee for the United Nations Conference 
on science and technology for development 


With less than seven months to go 
until the United Nations Conference 
on Science and Technology for Devel- 
opment (UNCSTD) opens in Vienna 
the political pace of preparations is 
beginning to heat up with indications 
that the conference may not turn out 
quite so unproductive as some have 
been fearing. 

The most positive indication, accord- 
ing to a number of delegates attending 
the third meeting of the conference's 
preparatory committee, which opened 
in New York last week, is a new draft 
preliminary programme of action pre- 
pared by the conference secretariat. 

The new draft, although still felt by 
many to suffer'a number of important 
omissions—such as adequate discussion 
of the role of women in development, 
or the need for appropriate tech- 
nologies—is widely accepted as a major 
improvement on earlier versions, which 
had been little more than the com- 
pilation of suggestions made in national 
and regional papers. 

In particular, the new draft contains 
—as the General Assembly of the 
United Nations has said that it should 
—a number of specific recommend- 
ations for action around which discus- 
sion is likely to focus in the months 
ahead. 

Opening the committee meeting last 
week, Dr Joao Frank da Costa, Sec- 
retary-General of the conference said 
that it was often more difficult to 


elaborate principles than to elaborate 
specific action-oriented measures, and 
that he therefore suggested concentrat- 
ing on the latter rather than the 
former. 

In particular, Dr da Costa said it 
would be necessary to develop firmer 
guidelines on cooperation between de- 
veloped and developing countries, while 
the developing countries themselves, 
for which UNCSTD was a “now or 
never opportunity", should investigate 
ways of increasing their collective self- 
reliance. 

The preliminary draft programme of 
action, which will be revised following 
comments by delegates at the New 
York meeting, contains both a theoreti- 
cal and conceptual framework for 
further actions based largely on the 
outcome of debates, within the UN 
system, on the shape of the new inter- 
national economic order, as well as 
over one hundred concrete measures 
for action at all levels. 

Most of the recommendations are 
relatively uncontroversial They in- 
clude the suggestion that the developed 
countries increase the amount of 
money they spend on research into the 
problems of developing countries, and 
that the latter should establish national 
science and technology policies—drawn 
up and executed by governments, 
though with the advice of broadly 
based national Science and technology 
councils representing all sectors of 
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society—and establish institutions for 
assessing the impact of transferred 
technology. 

More likely to generate controversy 
are recommendations which would in- 
volve setting up new international 
funds. The draft, for example, suggests 
that developing countries should estab- 
lish à common science and technology 
fund “{о which the most prosperous 
among them should contribute more 
generously", and that consideration 
also be given to a “risk capital fund" 
associated with existing financial insti- 
tutions within the UN system. 

Equally controversial are suggestions 
that to go beyond the domain of 
science and technology to comment on 
more overtly political issues Paragraph 
1112, for example, suggests that in 
parallel to mobilising science and tech- 
nology for development, "''countries 
should introduce internal structural 
policies such as social reforms, redistri- 
bution of income and so on, as appro- 
priate, so as іо ensure that the 
application of science and technology 
does not result in social tensions”. 

How many such suggestions will sur- 
vive the revision process remains to be 
seen. Of particular interest is whether 
the developing countries, through the 
group of 77, will be able to agree on a 
common set of demands. A working 
party established last week by the 
group is said to have had initial diffi- 
culty reaching a consensus But the 
more coherent their position, accord- 
ing to observers in New York, the 
more likely that controversial issues 
will stay on the UNCSTD agenda O 


US paper stresses modernisation and meeting basic human needs 


THE modernisation of developing 
economies, and meeting the basic 
human needs of developing country 
populations are the two over-riding 
objectives in applying science and 
technology to development, according 
to the US national paper for UNCSTD. 

In the introduction to the paper, 
Father Theodore Hesburgh, previously 
president of Notre Dame University 
and chairman of the US delegation to 
the conference, says that these two 
goals are not mutually exclusive or 
incompatible. '"The fulfilment of basic 
needs and the process of economic 
moderation can proceed simultaneously 
in a mutually enforcing relationship," 
says Father Hesburgh. 

The US paper, which. has gone 
through numerous drafts and is yet to 
be officially released, describes the role 
played by science and technology in 
the growth of the US economy, as well 
as the US’s experience in applying 


0028—0836/79/0271—0339$01.00 


scientific and technological expertise 
to the problems of development in 
other nations. 

The paper points out that President 
Carter has made scientific and techno- 
logical cooperation a key element of 
the US’s relationship with other 
countries, particularly in the develop- 
ing world. It says that the success of the 
developmental process in other nations 
is "very much in the US interests.” 

The paper lists recommendations for 
action in six areas: 

Ф improving the capacity of industri- 
alised countries to assist developing 
countries upgrade their scientific and 
technological skills; 

© Assisting the development of educa- 
tion and training programmes; 

Ф Encouraging collaborative research 
between scientists and engineers from 
both developed and developing nations 
on global problems such as food, water 
and health; 


@ Helping to overcome obstacles to 
developing countries’ access to scien- 
tific and technological information; 

€ Strengthening the links between the 
research communities of developed and 
developing nations, including joint 
research and problem solving; 

€ Building a more effective UN system 
for science and technology. 

The US paper puts forward the 
Foundation for International Techno- 
logical Cooperation, which has been 
proposed by President Carter, as one 
way in which scientists from the 
developed and developing nations could 
work together, and suggests that the 
UN conference "should encourage the 
establishment of similar institutions in 
other countries". 

The paper also says that the many 
useful science and technology activities 
within the UN system need a central 
focal point and policy direction, al- 
though, it adds, not a new entity. O 
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Brazil bans 
conference on 
Amazon biology 


Tue Brazilian government has refused 
permission for a conference on the 
evolution of biological systems in the 
Amazon region, organised by the As- 
sociation for Tropical Biology, which 
was to have opened next week in 
Manaus, the region’s major city. 

Although no official reason for the 
decision has been given. scientists in 
the US believe that the military govern- 
ment may have been concerned that 
those attending the meeting would use 
it as an occasion to criticise the en- 
vironmental effects of Brazil's current 
development policies—even though the 
conference itself will deal primarily 
with events that took place over 5,000 
years ago. 

The conference has been hastily re- 
arranged to take place in Macuto, on 
the Venezuelan coast outside Caracas, 
and has received the support of the 
Venezuelan Ministry of the Environ- 
ment. It has been convened to discuss 
biological models of diversification in 
the tropics. Speakers will address topics 
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The Amazon: science can help protect its environment 


such as the relationship between cli- 
matic change and species differentia- 
tion in the Amazon and its surround- 
ing savannah region. 

All the original speakers—including 
a number from Brazil—are expected to 
attend as planned. However, the 
change of location may prevent the 
participation of some Brazilian re- 
search workers and students, for 
whom lengthy visa negotiations, as 
well as the deposit of a large sum of 
money. are necessary for foreign pri- 
vate travel. 

“This conference will bring together 
specialists in disciplines ranging from 
archaeology to entomology and gene- 
tics. Everything is now working to- 
gether. and we are coming up with 
some exciting material. such as the 


correlation between archaeological 
sites and past climatic changes,” Dr 
Clifford Evans, curator of South 
American archaeology at the Smith- 
sonian Institution in Washington, DC, 
and one of the main organisers of the 
conference. said last week. 

The military government's decision, 
which was taken on the advice of the 
National Security Council, has pro- 
voked a storm of protest in the Bra- 
zilian press. from which censorship has 
only recently been lifted. Critics, in- 
cluding a number of eminent scientists, 
have accused the government of inter- 
fering with academic freedom, and of 
ignoring how science is necessary to 
preserve the environmental integrity of 
the Amazon region. 

David Dickson 


Second thoughts on study of nuclear risk 


Tur Boston-based Union of Concerned 
Scientists has called for the temporary 
shutdown of 16 US nuclear power 
plants for safety modifications, in the 
light of evidence that previous esti- 
mates of “low probability’ risks may 
have been unjustified. 

This demand follows the decision of 
the Nuclear Regulatory Commission to 
withdraw its support from important 
parts of a study published by the com- 
mission three years ago on the safety 
of nuclear reactors. which indicated 
that the risks from nuclear power were 
much less than from other man-made 
activities. 

The study was carried out for the 
NRC by a team headed by Professor 
Norman Rasmussen. of the Massachu- 
setts Institute of Technology. On its 
publication in 1975, the NRC described 
the report as a "soundly based and 
impressive work". 

The conclusions of what has become 
widely known as the Rasmussen Re- 
port have been frequently used by sup- 


porters of nuclear power to defend 
existing and proposed programmes. 


However. criticism by others of the 
report's methodology and its conclu- 
sions—in particular by Congressman 
Morris Udall. chairman of the House 
Committee on Interior and Insular 
Affairs—led the NRC to appoint a 





review group headed by Professor 
Harold Lewis of the University of 
California. Santa Barbara. 

In its report, which was presented to 
the commission in September, the re- 
view groups said that it found the 
methodology used in the study-—based 
on a fault-tree/event-tree form of 
analysis—to be basically sound. How- 
ever it had a number of reservations 
about the way that the results of the 
analysis had been presented. 

In particular. the committee criti- 
cised the narrow limits which the 
Rasmussen report had placed on esti- 
mates of the probability of a melt-down 
of the reactor core. The reasons for 
understating the error band. said the 
committee, included an inadequate 
data base. a poor statistical treatment. 
and an inconsistent propagation of un- 
certainties throughout the calculation. 

The review committee also criticised 
the executive summary of the report—- 
the part which has been most widely 
quoted in public discussions. The com- 
mittee savs that the summary did not 
sufficiently emphasise the uncertainties 
involved in calculating the probability 
of risk and that this might have led 
readers to a “misplaced confidence" in 
the validity of the risk estimated. 

In a statement issued last week. the 
NRC commissioners say that they 


accept the criticisms of the review 
committee. and as a result have with- 
drawn any explicit or implicit endorse- 
ment of the reports executive 
summary. 

On accident probabilities, the NRC 
says that the absolute values of risk in 
the Rasmussen report “should not be 
used uncritically either in the regu- 
latory process or for public policy 
purposes". (The report states, for ex- 
ample. that nuclear power plants were 
about 10.000 times less likelv to pro- 
duce fatal accidents than man-made 
non-nuclear activities.) 

The NRC's decision to support the 
Lewis Review Committee's findings has 
prompted the 65.000 strong Union of 
Concerned Scientists. which has been 
among Rasmussen's most vocal and 
persistent critics. to demand additional 
safety precautions at 16 plants where. 
they claim. there is evidence that the 
report was used to justify the ac- 
ceptance of current safety procedures. 

"Although the risks are still in- 
determinate. the uncertainty band in- 
cludes an area of risk which is 
unacceptable. and it is on this basis 
that we are asking for the shutdowns”. 
Dr Henry Kendall. Professor of Physics 
at Massachusetts Institute of Tech- 
nology, said last week. 

David Dickson 
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HSE confident 


it can cope 


THe UK Health and Safety Executive 
(HSE) is confident that it is adequately 
staffed to inspect all UK laboratories 
doing genetic engineering experiments. 

In reply to questions by the House 
of Commons Select Committee on 
Science and Technology last week, the 
HSE said that its three specialist in- 
spectors for microbiological research 
could cope with inspecting the UK’s 
seven Category Three and two 
Category Four laboratories. The time 
lag between notification of a lab- 
oratory’s intent to conduct Category 
Three or Four experiments and in- 
spection had never exceeded six weeks. 

Laboratories conducting Category 
One and Two experiments do not need 
to be inspected before work can com- 
mence The HSE felt that because the 
inspection of these laboratories does 
not require such specialist knowledge, 
regional inspectors of medical lab- 
oratories could cope with them So far, 
about 200 experiments in 50 centres 
have been notified to the Genetic 
Manipulation Advisory Group 
(GMAQ). Since last July the HSE and 
GMAG have jointly inspected 14 of the 
centres. 

GMAG has recently had a change of 
membership Seven new members, 
J Chamberlain, Sir Frederick Dainton, 
J. Ingle, M Kogan, C. M Puxon, 
P. M. B. Walker and P. Wildy to- 
gether with a new chairman Sir William 
Henderson started work in January 
Under its new chairmanship, GMAG 
may be taking a more positive attitude 
to work with recombinant DNA. Sir 
William has few fears about the 
potential scale-up of the processes in 
industry. He told the select committee 
at а previous meeting that "the 
hazards of scale-up are very much less 
than has been anticipated". He believes 
that 4,500 litres of reagent in clean, 
sealed stainless stec] flasks are probably 
safer than the intermediate stage: “the 
danger is when you move from the 
bench £o the 5 or 10 litre scale, when 
you don't have adequate procedures ” 

GMAG is setting up a subcommittee 
on scale-up, and Sir William is playing 
close attention to its membership He 
feels & should have a strong representa- 
tion of chemical engineers who have 
experience of msk assessment in 
industry. 

Dr Ken Duncan of the HSE shares 
Sir William's lack of fear about the 
dangers of scale-up to industrial pro- 
cesses when this happens, he says, the 
HSE will be able to call on its chemical 
engineers, currently engaged in other 
activities within the HSE, for advice 
Duncan, however, does not foresee un- 
usual problems with scale-up. о 
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UK tightens up on lab safety 


Many oF the recommendations of the 
Shooter report, which called for tighter 
laboratory safety regulations following 
the smallpox outbreak at Birmingham 
University, are now to be implemented 
by the Government The move follows 
the unofficial “leaking” of the report 
by Clive Jenkins, general secretary of 
the Association of Scientific, Technical 
and Managerial Staffs. The Govern- 
ment’s decision reveals that it no 
longer considers the country’s volun- 
tary safeguards for handling viruses in 
laboratories as adequate. 

Social Services Secretary David 
Ennals told the House of Commons 
last week that several changes were to 
be made These include: 

9 Regulations compelling laboratories 
to give notice of their proposed work. 
9 An official licensing system to re- 
place the present voluntary method of 
approving category A pathogen 
laboratories 

9 Accepting the recommendation that 
category А laboratories should be 
inspected annually. 

9 Setting-up a review of the Danger- 
ous Pathogens Advisory Group, the 
body responsible for approving these 
laboratories, to find ways of broaden- 
ing its membership to include wider 
union and public interest 

No new legislation will be intro- 
duced to carry out these measures, 
which will be implemented as part of 
the Health and Safety at Work Act. 
Mr Ennals said public fears following 
the smallpox outbreak that killed 
medical photographer Janet Parker 
last September should not be allowed 
to cause panic If overprotective 
measures were introduced, there could 
be great damage to the ability to carry 
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out effective diagnosis or research. 

Mr Ennals also revealed thai a re- 
inspection of existing category A 
pathogen laboratories—which handle 
smallpox, rabies, lassa fever and other 
dangerous viruses—is now being car- 
Tied out by the Health and Safety 
Executive. “In some cases it has 
become clear that improvements in 
safety procedures are necessary and 
immediate action has been taken", he 
said. 

Details of these cases of "immediate 
action" were revealed by the HSE last 
week and consisted of stopping work 
with category A pathogens at two 
laboratories. The first, the public 
health laboratory at Colindale, North 
London, the only centre for rabies 
diagnosis in Britain, was visited on 
January 18 by HSE inspectors and a 
request for an end to dangerous virus 
work was issued 

The order was made in the form of 
a Crown notice, which is not legally 
enforceable as one Government body 
cannot prosecute another, although the 
HSE has recently called Mr Ennais to 
remove Crown immunity for such 
laboratories. However, the director of 
Colindale, Dr Eric Mitchell, said a new 
purpose-built virus laboratoriy was to 
be opened there in a few weeks—after 
it had been inspected by the HSE, 
DPAG and the Home Office. 

The other laboratory, at the Lister 
Institution in Elstree, Hertfordshire, 
has been asked to improve safety pre- 
cautions in the production of rabies 
vaccines The laboratory was closed by 
the institution last June, and the HSE 
has instructed that it must not re-open 
without its approval. 

Robin McKie 


Switzerland to consider revised guidelines 


Two months ago Mrs Shirley Williams, 
Secretary of State for Education and 
Science speaking on the television pro- 
gramme Weekend World, said that she 
would like to see the establishment of 
some form of international guidelines 
to regulate research on recombinant 
DNA Commenting on the different 
guidelines already in operation in the 
United States, Britain and the Euro- 
pean Community, Mrs Williams singled 
out Switzerland as one country operat- 
ing outside these formal rules. There 
was a need, she said, to induce it to 
come within some form of “contain- 
ment barrier". 

Switzerland is of course the home of 
the large multinational pharmaceutical 
companies F  Hoffmann-La Roche, 
Sandoz and Ciba-Geigy. Roche and 
Ciba are both aware of the com- 


mercial possibilities of genetic engineer- 
ing—and both have a finger in the 
pie Roche sponsors the Basle Institute 
for Immunology and Ciba the Friedrich 
Miescher Institute, also in Basle Both 
institutes have begun recombinant 
DNA research which is, as yet of a 
fundamental, rather than an applied 
nature. 

But all recombinant DNA research 
in Switzerland whether commercially, 
privately or publicly sponsored is sub- 
ject to certain controls The controlling 
agency is a commission set up by the 
Swiss Academy of Medical Sciences in 
1975 In an open fetter dated April 
1978, the commission set out its con- 
trol policy. It was the commission's 
view that the US National Institutes 
of Health (NIH) guidelines should 
operate in Switzerland and it recom- 
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' mended this to all practitioners in the 
field. The commission also made it 
clear that the responsibility for the 
safety of this work lies with the princi- 
pal investigator 

Professor Werner Arber of the Bio- 
zentrum at the University of Basle, 
and one of the 1978 Nobel Laureates 
in Medicine is a member of the com- 
mission Commenting on the responsi- 
bility of the investigator, he told 
Nature that. “It is perhaps important 
to say that the Swiss Law of Epidemics 
foresees that any work with pathogens 
and their products has to be carried 
out with the maximum of care, and 
our commission interprets this formu- 
lation in such a way that recombinant 
DNA [research] done in our country 
has also to be done with a maximum 
of care". 

The commission compiles an annual 
register of all work done in genetic 
engineering. In 1978 there were some 
31 projects in the field under 18 prin- 
cipal investigators, eight of whom were 
based in Basle. The projects are divided 
into two groups according to their 
source of DNA for recombination. 
Category ‘a’ experiments are those 
using cellular DNA and using E coli 
as host; and category ‘b’ includes those 
using DNA from plasmids, bacterio- 
phage and viruses and again using 
E coli as the host Twenty-two of the 
projects are in category ‘a’ and include 
work with embryological tissue from 
primates, other mammals, birds and 
cold blooded vertebrates Eight of the 
‘a’ category are Usted as using ‘Inferior 
eukaryotes’ as a source of DNA. In 
category ‘b’ the recombination work is 
listed as involving plant viruses, 99%, 
pure organelle DNA from eukaryotes 
(but not primates) and plasmids or 
phage DNA from hosts, the genes of 
which are interchangeable with E. coli. 

Of the 18 principal investigators 15 
are based in universities, with the 
remaining three privately sponsored 

It is the European Science Founda- 
tion (ESF) which 1s trying to harmonise 
the guidelines and working conditions 
in recombinant DNA research in 
Burope. Arber represents the Swiss 
Commission at the ESF mectings and 
appreciates the effort the Foundation 
is making to find the common ground. 
However, Arber says that the Swiss 
Commission has still not reached a firm 
decision on the guidelines it will adopt 
in the future. In the next few months 
the commission will meet again to con- 
sider the revised NIH guidelines (which 
lift restrictions on some categories of 
recombinant DNA research, but which 
for the first time extend the controls 
to cover industry) those of the UK 
Genetic Manipulation Advisory Group, 
and the guidelines proposed for France 


and Germany 
Alastair Hay 
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Catch a falling Kosmos—and 
send the bill to Moscow — 


OPERATION Morninglight—the clean-up 
of northern Canada, following the ‘‘un- 
scheduled re-entry" and crash of the 
Soviet satellite Kosmos-954 a year ago 
is now over, at a cost of some $13 
million. Canada is sending a bill for 
$6 million to the Soviet Union 
Kosmos-954, which carried a power- 
source fuelled with some 50kg of 
enriched uranium, crashed in the 
area of the Great Slave Lake on 24 


January 1978 The first stage of 
Morninglight was launched within 
hours—a massive air search for 


radiation hot-spots Within four days, 
three radiation hot-spots were located, 
and several more within the next 
week. 

A party of six meteorologists en- 
camped in the Warden’s Grove area, 
two of whom actually touched a fallen 
fragment, were evacuated to Edmonton 
for radiation tests; but they showed no 
signs of contamination As for the 
loca! Chipewyan Indian population, 
apart from a missing pair of trappers 
who were feared to be camping near a 
hot-spot, the greatest danger seemed to 
be fear and bewilderment as to the 
nature of the search, plus the ominous 
appearance, in the settlement at Snow- 
drift, of a wolf which refused to be 
driven away and finally had to be shot 

The second stage of Morninglight— 
a ground level survey—was scheduled 
for July, when the. snows had melted 
Shortly before it was to begin, uranium 
prospectors reported satellite debris in 
northern Saskatchewan, and the search 
was extended beyond the Great Slave 
Lake area. Morninglight finally cov- 
ered some 90,000 square kilometres. 
from which over 3,000 pieces were 
recovered. mostly small particles, but 
with a few larger fragments, one of 
which was said to be—“‘as big as a five 
gallon drum" One of the larger pieces 
was so radioactive that a special lead 
container had to be built by the Uni- 
versity of Alberta. Another fragment. 
though, а 225 ст x 50cm stove-pipe 
shaped cylinder. was sufficiently “соо!” 
to be loaned for temporary exhibition 
to the National Museum of Science and 
Technology in Ottawa 





By the beginning of winter, when 
phase two of Morninglight ended, the 
Atomic Energy Board of Canada an- 
nounced that the residual radiation risk 
in the impact area was minimal Any 
remaining radioactive debms would 
soon decay to below natural back- 
ground level, and the hazard to humans 
or wild life from accidentally ingested 
particles would be no greater than that 
from a medical x-ray examination 
Nevertheless, as an additional pre- 
caution, the Federal] Environment 
Department would monitor fish from 
the Great Slave Lake, while the Health 
Department would check the meat of 
migrating caribou herds 

Apart from these munor hazards, 
and the $13 million bill, what are the 
lasting effects of the Kosmos-954 inci- 
dent? First, the setting up, on Canada's 
initiative, of a UN working group to 
study the technical aspects and safe- 
guards for nuclear power sources in 
space, the first meeting of which will 
take place later this year Minor spin- 
offs include a considerable amount of 
practice in the aerial and ground 
location of radioactive debris, and the 
(at least temporary) appearance on the 
тар of the name "Cosmos Lake" to 
denote ‘the base camp of the aerial 
search 

Canada's claim against the Soviet 
Union will doubtless provide inter- 
national lawyers with fascinating 
material on compensation norms and 
procedures As far as the average 
Canadian is concerned, there remains 
a profound sense of thankfulness that 
the impact took place in a wirtually 
uninhabited area—and considerable 
apprehension of what could happen 
next time 

According to NASA officials, there 
is а 2%, chance of debris from Skylab 
striking Canada. Moreover, any such 
impact would occur south of latitude 
50°N—a band which includes all major 
Canadian cities except Edmonton and 
Calgary Not surprisingly. Canadians 
are said to find the news of the forth- 
coming descent of Skylab to be. at the 
mildest. "somewhat disturbing". 

Vera Rich 


"There's a fair chance 
that the Skylab crash will 
wipe out all record of 
this bill, comrade!” 
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ASTMS branch wins redundancy rights: A local branch of 
the Association of Scientific Technical and Managerial 
Staffs has persuaded the Royal Free Hospital School of 
Medicine to withdraw waiver clauses concerning redun- 
dancy rights from its fixed term contracts. The school 
secretary, Mr G. W. Fenn, refused the initial ASTMS 
request. Negotiations were then referred to the school’s 
joint negotiating committee, composed of three ASTMS 
representatives and three administration representatives. 
They also rejected the proposal but after discussion agreed 
to present the request to the full school council (from 
which ASTMS representatives are excluded). The council 
agreed to withdraw the part of the waiver clause requiring 
employees on fixed term contracts to give up their rights 
to redundancy pay but have retained the waiver for rights 
against unfair dismissal. “То maintain happy relations іп a 
small organisation like ours, we felt it was a good thing to 
do for the employees,” said Fenn. 


UNEP calls key meeting on Mediterranean pollution: The 
United Nations Environmental Programme is convening 
a meeting of the Mediterranean Action Programme from 
5-10 February to discuss the activities of the 1979-1980 
MAP programme, the location of MAP headquarters and 
most important, the share out of $24 million operating 
expenses among the 17 member states. Some struggle is 
expected about the exact terms of the share out but the 
conference is expected to make slow steady progress towards 
the eventual goal of a full Mediterranean clean-up. The 
major problem, towards which the conference will make 
а small contribution, is land-based pollution—industrial 
water. domestic sewage, agricultural pesticides and 
fertilisers—which account for 85%, of Mediterranean 
pollution. The World Health Organisation estimates that 
it will cost $5 billion over a period of 10 to 20 years to 
control pollution at the source, often hundreds of kilo- 
metres upstream from the Mediterranean, 


US prepares for Skylab re-entry: The US government has 
set up an interagency group to prepare for possible 
damage when Skylab re-enters the earth’s atmosphere later 
this year, Dr Robert Frosch, administrator of the National 
Aeronautics and Space Administration, told a Senate panel 
last week. The State Department, the Department of 
Defense and the New Federal Emergency Management 
Agency are working with NASA to set up an international 
warning system and an assistance team to deal with any 
damage or injury caused by debris from the 80-ton space 
station as it re-enters the atmosphere. 

Dr Frosch told the Senate subcommittee on space and 
science: “There are potential options of exerting some 
influence on what happens to Skylab during its last couple 
of orbits." But, he said, NASA scientists did not yet know 
how much control they would have over Skylab's break-up 
—and in particular whether they could bring it down over 
an ocean. One critical factor was the power supply, and 
whether Skylab's solar panels could be kept fully charged. 
If Skylab could not be reliably brought down into the sea, 
it might be wise not to try to influence its descent, Dr 
Frosch suggested, because of the political implication of the 
US trying to crash the debris into a particular part of the 
globe. 


Sullom Voe oil spill: Census taken by the Royal Society for 
the Protection of Birds after the Shetland Island oil spill, 
where 1,150 tonnes of heavy bunker fuel oil fouled fifteen 
miles of coastline has shown the spill to be “locally disas- 
trous" according to Bobby Tulloch, RSPB representative. 
2,800 birds from 45 species have been killed. Of the local 
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eider population of 350 birds, 5 are left, with a similar 
picture extending to other species. Twenty others have been 
killed or “badly affected" and it s not clear whether any 
remain. Local sheep that graze on seaweed deposited along 
the rocky coast have become polluted with unknown toxic 
and carcinogenic effects. 


Soviet award for Todd: The 
Lomonosov medals, the highest 
awards of the Soviet Academy of 
Sciences, are awarded each year to 
one Soviet and one foreign scientist. 
The 1978 awards, announced last 
week, go to Academician Anatolii 
P. Aleksandrov, president of the 
Soviet Academy of Sciences, for 
his work in nuclear physics, and Lord Todd (left), 
president of the Royal Society, for his work in biology 
The linking of the two Presidents in this way is 
something of an auspicious coinzidence. The Royal Society 
has a long standing scientific exchange programme with 
the Soviet Academy, dating back to 1956 and the very 
beginning of the post-Stalin “thew”. The then Dr Alexander 
Todd helped establish this exchange. 





British students swing to scierce: Statistics from the two 
major school examination boerds in Britain are showing 
a trend back towards physical sciences at A-level, at the 
expense of subjects like history and geography. Recovery 
from the slump in interest of the mid-1970s is particularly 
apparent in chemistry, where the number of candidates 
entering the London Schools Examination Board A-level 
has increased from 14'%, to 16% in the last four years, 
while the Joint Matriculation Board's chemistry candidates 
accounted for 21.3" of total entries, the highest proportion 
since their comparative statistics began in 1971. Physics 
and mathematics are following the same trend, with 
increases of around 1%, to 2% over the past two to three 
vears. With a total A-level entry to these boards of 66,000 
and 55,000 respectively in 1378, even a small percentage 
increase indicates a significart swing towards science. 

However, Professor L. A. B. Elton of the Institute for 
Educational Technology, Surrey University, considers the 
statistics as presented are **:оо bland for anyone to draw 
sensible conclusions". Thes do not distinguish between 
male and female candidates. for example 


Seasat failure due to technical and management faults: 
The failure of the Seasat satellite, which was launched 
early last year by NASA and which ceased transmitting 
data in October, was the result of a “massive and pro- 
gressive” short circuit, due to a “lack of proper attention" 
by NASA's jet propulsion laboratory and the Lockheed 
Missile and Space Compans to testing of the rocket stage 
to which the satellite was attached. "As a result, a test 
was waived without proper approval, important component 
failures were not reporte! to project management, and 
flight controllers were inadequately prepared for their 
task." said a board of enquiry in a report issued last week. 

Seasat was launched to ‘est equipment for gathering data 
on the world's oceans for »oth scientific and meteorological 
purposes, Before the failu-e occurred the satellite had been 
transmitting data for 99 days. The report says that the 
most likely cause was ar electrical arc between adjacent 
slip ring brush assemblies 


Correction: President Carter has requested a budget increase 
for basic science of 2% above inflation, not 20%, as reported 
on page 252 last week. . . . alas 
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Does the UK have a numeracy problem? 


Joseph Schwartz puts his own view of the controversy 
over the mathematical abilities of UK schoolchildren 


IN March 1978 Dame Kathleen Olle- 
renshaw, President of the Institute of 
Mathematics, released her account of 
innumeracy in Great Britain to the 
press. "Simple sums floor vast majority 
of pupils" was the Times headline. An 
examination administered to 7,000 
15-year-olds in six education districts 
produced “abysmal” results 

The test consisted of 17 questions, 
of which nine had two parts and two 
had three parts. requiring a total of 44 
basic operations to be performed in 40 
minutes. The problems ranged from 12 
computations of the type 14-- 35—? to 
nine word problems (How much do I 
save if I buy two large bottles of sham- 
poo (150 cc @ 25p) instead of taking the 
same quantity in small bottles (75 cc 
@ 15р)?) and included questions in- 
volving the reading of graphs and train 
timetables 

Calling a mark of 90"; adequate and 
a score of 80%, well below an accept- 
able standard, Institute members were 
disappointed in the actual results. The 
percentage of pupils receiving an 80° 


score in the six districts ranged from 
21% to 61 [he percentage of per 
fect papers ranged from 1 to 13^ 


Dame Kathleen said "education as a 
whole, and parents and employers will 
agree, is not doing a enough 
job" 

More recently, in September 1978, the 
Department of Education and Science 
announced the formation of a Commit- 
Inquiry into the teaching of 
mathematics in schools. This new com- 
mittee is a consequence of the 1976- 
1977 Terth Report of the Expenditure 
Committee on the Attainments of the 
School Leaver in which mathematics 
was particularly singled out for atten- 
tion. "We heard more statements 
about mathematical competence or 
lack of it than about any other school 


good 


tee of 


subject. The CBI described it as the 
issue most frequently mentioned by 
their members” 

Dr H R Pitt, a mathematician and 


now Vice-Chancellor of Reading Uni- 
versity. testified “I think there is no 
doubt that something of a 
crisis in the teaching of mathematics" 
attributing the crisis to the introduction 
of “a lot" of new methods 
change of curriculum and a 
of skilled teachers 


there is 


too rapid 
shortage 
The terms of refer 
ence of the Committee of Inquiry are 
"To consider the teaching of mathe- 
matics in  primarv and secondary 
schools in England and Wales with 
particular regard to the mathematics 
required in further and higher educa- 
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tion, employment and adult life gener- 
ally and to make recommendations". 

But workers in the field of numer- 
acy and maths instruction greet these 
developments | unenthusiastically. Jo 
Stephens of the DES Mathematics 
Inspectorate points to some historical 
antecedents of the present upsurge of 
interest in mathematics 

In 1954 the Mathematical Associa- 
tion reported: “Тһе standard of 
mathematical ability of entrants to the 
[rade Courses is often very low” 

In 1925, the Board of Education re- 
ported: “Н has been said that ac- 
curacy in the manipulation of figures 
does not reach the same standard which 
Some em- 
ployers express surprise and concern 
at the inability of young persons to 
perform simple operations involved in 
business" 

In 1912 an LCC report noted: 
"There is a prevailing opinion that 
London elementary school children of 
today are slower and less accurate in 
computation than they were ten years 
ago", And in 1876 the Mathematics 
Inspector reported: “In arithmetic I 
regret to sav worse results than ever 
before have been obtained—this is 
partly attributable no doubt to my 
having framed my sums as to require 
more intelligence than before " 

The problem. then. is not a new one 
Seen in this light the current focus on 
numeracy is simplv a political football 


was reached 20 years ago 


to be pursued bv the media and 
government as it suits them. 
Blanket blame of teachers, attacks 


on mixed abilitv classes and an abstract 
concern with ‘standards’ characterise 
the debate so far. Some members of 
the Expenditure Committee are alive 
to the fact that a person's numerical 
skills bear little relationship to the re- 
quirements of the available jobs 
“Unqualified school leavers competing 
for the diminishing pool of 
below craft level find that thev lose out 
to the qualified school leaver who is 
eager to take a job below his (sic) 
canability rather than be unemployed” 

In other words. in a buver’s market. 
employers are selecting the qualified 
school leaver for jobs that would nor- 
mally go to the unqualified leaver. The 
unemployment problem is not due to a 
lack of competence of the workforce 
Making people more numerate may 
help them to compete more effectively 
but it will not increase the number of 
To imply that it will, however 
indirectly. is to make a scapegoat out 
of the schools 


iobs at 


jobs 





Barnaby's 


Nevertheless. Dame Kathleen's re- 
port does indicate that there is room 
for improvement in the mathematical 
Where does 
them- 


abilities of school leavers 
the problem lie? The teachers 
selves should surely know best 
Most numeracy teaching is based in 
fifteen Colleges of Further and Higher 
Education in the London The 
problems presented to teachers are ex- 
tremely varied—as are the students, A 
major that the problems of 
numeracy and literacy are intertwined 
There are very few people who can 
work with numbers without being able 
to read and as such numeracy 
problems are handled within the much 
larger literacy programmes. The ma- 
ioritv of remaining students are young 
adults who either have been referred to 
numeracy from programmes 
like Manpower Services Commission’s 
Training Opportunities Scheme or who 
feel the need to improve their compu- 
tation skills for various courses ranging 


urea 


facet is 


many 


courses 








Tama — 
Good performance in maths needs close, 
individual attention 


A Marmillan Tournals T ul 1979 


377 


Nature Vol. 27 1 February 1979 


from craft apprenticeships to office 
work 
Linda Major. an Advisory Teacher 


in numeracy based at Westminster 
College. says that students generally 
have little trouble with addition but do 
have certain problems with other 
operations. Frequently. she says. stu- 
dents will be able to use subtraction in 
the act. of handling money but will 
have difficulty in working it out on 
paper. Major feels that some part of 
the traditional curriculum such as long 
division and fractions are of little prac- 
tical use in adult life and makes no 
attempt to teach this 
Relevance is crucial to the approach 
The students are riveted when it comes 
to the question of tipping but it is an- 
other matter when percentages 
taught. (Literacy methods are similar 
Jud Stone of City and East London 
College uses materials created by the 
students themselves. Instead of reading 
texts of little immediacy students learn 
to read their own words. The method 
places far more emphasis on writing 
than reading.) Major says that the goal 
of fluent single digit addition and multi- 
plication along with a knowledge of 
how to compute with larger numbers 
using the ordinary place value algo- 
rithm is attained when there is 
adequate staffing 
Numeracy problems at this level. 
where for varied reasons. young adults 
have not learned to write. read and do 
arithmetic seem to be quite capable of 
solution. The primary obstacle is finan- 
cial. More teachers. more space. work- 
shops for teachers and students to 
exchange ideas and methods. more 
money. In Hackney with a population 
of 194.000 there are an estimated 
15.000 people needing this kind of 
present numbers of 


are 


assistance. The 
paid staff and volunteers help only 300 
students. This is not a crisis but a well 
defined need on the part of 890 of 
the population of Hackney. Current 
expenditure is too low. The Adult 
Literacy Support Services promises 
some additional volunteer assistance 


Teaching relevancy at an early age 


but it is doubtful that without proper 
training. proper space. proper ma 
terials. in short, proper organisation 


that such an intervention can be effec- 
tive. Some workers question. the 
dom of basing a programme on unpaid 
labour but in the current situation they 
are not going to refuse help in any 
form 

At a higher level, more fundamental 
questions can Бе raised. University 
graduates in general and scientists in 
particular have all experienced diffi- 
culties when confronted with mathe- 
matics. According to Emilio Segre. 
Enrico Fermi attended a conference at 
Bohrs institute on the weak inter- 
actions, At the end of two hours of 
symbols the lecturer concluded. “And 
that is Fermi's theory of the weak 
interaction". Said Fermi. "It was the 
only part of the lecture | understood" 

Mathematics has had in its history a 
long dishonourable thread of mystifica- 
tion and inaccessibility going back to 
Plato, The most militant opposition to 
this tendency that 1 know occurred in 
Germany in the 18905 where engineer 
ing students organised demonstrations 
against the trend towards metamathe- 
matics then dominant in teaching at 
the university level 

Professor Morris Kline of the 
Courant Institute in New York has 
written a series of books and articles 
criticising the mathematics profes- 
sionals for elitism and obscurantism in 
the teaching of mathematics. a position 
supported by Richard Courant himself 
when he was alive. The tendency to 
disconnect mathematics from 
reaches down to the primary 
where number in the abstract 
to present difficulties to some students 
[he difference between tipping and per- 
centage is a real one and problems with 
numeracy and problems with mathe- 
matics are connected 

Additional criticism of mathematics 
along these lines is starting to come out 
of the analyses of sex differences in 
educational achievement. Alison Kelly 
a lecturer in sociology at Manchester 


wis- 


Its roots 
grades 


begins 





University says that as well as socia. 
pressures in all their forms that are 
exerted on girls to avoid science and 
maths there is tie blem of the 





and 


remote and abstract 


Stereotypical image. of science 


maths itself — cold 


Kells 


womern's r 


and other analysts assert that 


ejection of mathematics 15 


far more active ‘han the usual 
trayal of women as passive 


‘Women 


por- 
victims of a 

mathema 
military 


social role reject 


tics and the sciences as and 


rela 


being 


activities bearing ni 


helping 


industrial 

tionship to activities. or 
able to explain oneself to oneself". If 
this is true of large numbers of womer 
interesting со speculate on the 
possible effects of a major government 
effort to recru more 
engineering. maths and science 


^ different approach to the well 


и 15 


women to 


educated persor’s problems with 
mathematics was tried last year by 
Larry Buxton of the DES Maths 
Inspectorate. Re-ognising that there 


were important emotional responses to 
mathematics Bux on attempted to deal 
with these direct v using the methods 
of psychotherapy He 


of six adults for 24 sessions and 


worked with a 


eroup 
with three individuals for 12. 24 and 
36 sessions respectively 

On the basis of the experience 
Buxton is convinced that the central 
problem is as mach emotional as cog- 
nitive. “The exp oration of emotion Is 


not supposed to be related to in mathe- 
matics vet it is the subject with the 
emotional content’ 
routinely with 
problems on this level although it 
unlikely hat widespread inter- 


»unselling 


most charged 


Numeracy teachers deal 


seems 


vention based or individual & 


is feasible. But Buxton thinks that two 
widely accepted practices in mathe 
matics instruction are open to question 

The first is tive use of timed tests 
[he present cucriculum Fuses the 
need to work Fard with the need ti 
work fast. he гуз. Good performance 
in mathematics needs clo: oncen 
trated undivided attention and students 
must not feel rushed. The second prac 


tice involves complex attitudes towards 


authority. An interrogative approach in 


the classroom besed on categorical right 
or wrong answers can be threatening 
and off putting to many students. This 
combination of time and authority was 
a recurring theme for the people with 
whom Buxton worked 

So there are many directions in which 
the teaching of mathematics can be 
improved. But з barnstorming attitude 
based on the false perception of a 
‘crisis’ and on weak analysis of the 
problem is goirg to achieve very little 
If the government wishes to improve 


the mathematical level of its school 
children it could do a 
to listen to those teacher 


confronted with the problem 


lot worse than 





most directly 
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GMAG should look to NIH 


SiR,—1 write to enquire whatever 
happened to the public debate on 
changes in the regulations for genetic 
manipulation experiments? The notion 
of rationalising genetic manipulation 
containment by measuring the risk 

in each experiment was put forward in 
the columns of Narure last month. A 
public meeting was promised and was 
indeed convened in London on 21 
December. This meeting could be called 
neither public nor a debate and 
achieved little or nothing. Views were 
expressed by members of GMAG, both 
on the panel and in the audience. 

that revealed strong political 
polarisation but little in the way of 
scientific evidence supporting either the 
present guidelines or possible 
alternatives. From the body of the 
meeting the only view which came 
across strongly and repeatedly was the 
indignation of many scientists at the 
classification of experiments involving 
the manipulation of E. сөй DNA in 

E. coli. A host of important questions 
concerning the proposed new svstems 
of evaluating the necessary containment 
Тот particular genetic manipulation 
experimenis were not raised at this 
meeting. Even where one or two points 
were raised, time for discussion was 
inadequate. [t is safe to conclude that 
there has been no proper forum for 
public debate. 

By contrast to events in this country 
we have the example of the wav in 
which the NIH guidelines have recently 
been revised in the US. Irrespective 
of whether one agrees or disagrees 
with the new NIH guidelines one must 
admire the broadly based public debate, 
the informed political comment and 
the rapidity of the process of 
modification of the proposals in 
response to debate and comment. 
Moreover the whole process. up to and 
including publication of the new 
guidelines, is freely available in the 
Federal Register. We could, to our 
advantage, learn. from those events 

The need to change the genetic 
manipulation guidelines in Britain is 
just as pressing as was the need in the 
US. Our present guidelines are 
illogically restrictive. The levels of 
containment imposed upon genetic 
manipulation experiments in Britain 
have from the beginning exceeded those 
required in the US. This difference 
taken together with the lack of 
availability of physical containment 
facilities in this country has meant a 
severe handicap for British work with 
systems designated as requiring high 
containment. The introduction of the 
new МЇН guidelines has widened the 
gap between containment required in 
the US and that required in 
Britain to such an extent that it is now 
impractical to continue a wide range 
of genetic manipulation experiments in 
this country, On a global basis it perhaps 
matters not whether Britain is involved 
їп genetic manipulation research. For 





Britain however, the consequences of 
missing out on a revolution in biological 
technology and in losing a generation 
of the best voung scientists who wish 
to be trained in that area will be dire. 

Н the guidelines for genetic 
manipulation experiments in Britain are 
to be changed then the change must 
be effected rapidly. There is no sign 
of swift action on the Brenner initiative 
nor of an informed debate. Looking 
again at the global picture, should we 
be so insular as to think that we should 
repeat a process which has been 
painstakingly conducted in the US. 
Biological risks by their very nature do 
not respect national boundaries. We 
would be wise to look carefully at the 
guidelines accepted by the majority of 
scientists working with genetic 
manipulation and by the nation within 
which they carry out their work. I 
think that we could. without 
endangering either workers in the field 
or the public at large. adopt the 
philosophy of the NTH guidelines and 
indeed. with certain modifications to 
British conditions, the letter of those 
guidelines. The NIH guidelines remain 
largely empirical but they are based on 
extensive experience. In science we do 
not look at national origins in 
evaluating ideas or experimental results. 
1 trust that in this case that neither 
national pride nor political ideology 
will prevent serious consideration of the 
NTH guidelines as a suitable model for 
genetic manipulation work in Britain. 

Yours faithfully, 
ALAN R. WILLIAMSON 

Institute of Biochemistry, 
University of Glasgow, UK. 


The status of safety officers 


Sire In vour editorial “Smallpox: 
ignorance is never bliss" (11 January, 
page 75). vou advocate a new breed of 
medically qualified safety officers, 
universally respected. Whilst I agree that 
a properly professional approach to 
laboratory safety is required, | suggest 
it would be inappropriate to require 
medical qualifications for safety officers. 

Your suggestion that “а safety officer 
should always be a doctor" is ill 
considered. The example upon which 
you seem to have based the proposal 
is misleading. Dr Mark Darlow was in a 
unique position at MRE Porton. He was 
successful because he was the right 
person for that particular job. 

There has been a predictable reaction 
in the press to the whole sad saga of 
Birmingham. We must use the impetus 
of public concern to improve our 
scientific safety position. It is undeniable 
that our scientific safety has left much 
to be desired and that many of its 
practitioners have been ineffectual. We 
should introduce a system for 
recognition of professional safety 
officers combined with a worthwhile | 
career structure to encourage people in 


whom both the general public and the 
scientific community can feel confident. 

The status of safety otlicers should be 
assured by their emplovers--who are 
ultimately responsible for safety under 
the Health and Safety at Work Act 
(1974). Safety officers are charged with 
obligations to ensure the observance of 
statutory regulations and safety codes. 
They should work in conjunction with 
a safety committee constituted to 
represent all groups of employees from 
academic staff to ancillary staff. 

Thus it will only be when properly 
qualified and professionally accountable 
safety officers are employed and given 
the opportunity and incentive to carry 
out research and to get on with the job 
of safety in science. that we could feel 
that we have learned the lessons so 
apparent in this latest tragedy. 

Yours faithfully, 
M. R. Barer 
National Institute for Medical Research, 
London, UK. 


Reason not ruction 


SiR.-—In vour issue of 21/28 December, 
page 753, Dr Kenneth Mellanby quotes 
a secular hvmn from a Socialist Sunday 
School in Glasgow in the 1920s: 

"By nature not nurture we'll rise to 

the skies 

The means of production we'll 

nationalise." 

This is curiously like the refrain from 
a revue song by A. P. Herbert, which I 
quote from memory: 

“By reason not ruction we'll soar 

to the skies 
The means of production we'll 
nationalise . 

And rapture surprising we'll bring 

within range 

Bv nationalising the means of 

exchange.” 

| prefer APH's version. 

Yours faithfully, 
О. Mayo 





P. Herbert: British humourist 
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Periodical cicadas 


from Robert M. May 


IN 1970, Princeton University conferred 
an honorary degree on Bob Dylan. The 
graduation ceremony, coincided with 
the local emergence of periodical ci- 
cadas, which appear in vast numbers 
every 17 years, and the air was dense 
with their bodies and their song. Dylan 
recorded the occasion (‘Day of the Lo- 
cust’ on New Morning, Columbia PC- 
30290): 

These cicadas (not locusts; Dylan's 
honorary degree was in Letters not 
Science) are a unique biological pheno- 
menon., They comprise three species in 
the genus Magicicada, and. have the 
longest life cycle known for any in- 
sect. Found throughout the eastern 
United States, the nymphs live 6 to 24 
inches below the ground, where they 
suck juices from the roots of forest 
trees. Mature nymphs emerge, assume 
their familiar adult, form, mate, lay 
eggs and die within the same few weeks 
of every seventeenth _(in the north) or 
every thirteenth (in “the south) year. 
The synchrony is astonishing: although 
different ‘broods’ in different regions 
may be out of synchrony by several 
years, in any one population essentially 
all the animals are the same age, and 
the three different species are invari- 
ably synchronised whenever they co- 
exist (as they commonly do). As far 
as anyone has been able to tell by 
conventional taxonomy or by the song 
of the males, each of the three species 
exists with both a 17-year and 13-year 
life cycle. 

The difficult questions that are posed 
by the existence of these remarkable 
creatures are.lucidly set out in the 
classic papers of Lloyd and Dybas 
(Evolution 20, 133; 466; 1966) ' There 
are two basic problems. First, how did 
such a cycle, with so long a period, 
;óriginally evolve? Second, how is the 
"tlear-cut ‘periodicity and the synchrony 
between co-occurring species malin- 
tained? : 

The secorid question is more easily 
answered' than the first. Given that 

_ there already is a long life cycle and a 
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nearly-perfect periodicity of emergence, 
the cicadas can effectively escape pre- 
dation. Above-ground predators such 
as birds, who have no analogous 


“resource in the long intervals, are 


satiated, and below-ground predators, 
such as moles, are unexpectedly de- 
prived of food by every periodical 
emergence. The resulting’ population 
densities achieved by periodical cicadas 
aré one or two orders of magnitude 
greater than those of their more stodgy 
relatives that’ appear each year. Lloyd 
and Dybas estimate that the nymphs 
may typically attain densities of one ton 
per acre. The selective pressures are 
for doing well at high population 
densities, even at the cost of being 
conspicuous and sluggish (‘predator- 
foothardy’ is Lloyd and Dybas' term). 
Any mutant, migrant or development- 
ally different individual who fails to 
emerge with the majority will almost 
certainly be snapped up by predators. 
Lloyd and Dybas review observations 
and experiments bearing this out: 
typically the cicadas that emerge during 
the first few days are all eaten by birds; 
in 1889 Marlatt transported large quan- 
tities of eggs to an area where the 
adults that emerged in 1906 were out 
of phase, and the entire colony of 
more than 10,000 individuals was effort- 
lessly consumed by grackles In brief, 
the long-period cycle enables the ‘cica- 
das to saturate their predators, which 
reciprocally helps to stabilise the cycle 
as individuals appearing earlier or later 
are gobbled up ` 

This conspicuous association between 
predation and periodical behaviour has 
led many people to speculate that the 
magic numbers 13 and 17 arise because 
they are prime, thus preventing any 
possible subharmonic resonances by the 
predators Robert "MacArthur re- 
marked that it may be the only appli- 
cation of number theory, as such, in 
mathematical biology T am surprised 
nobody has yet suggested that the 
prime number 11 is missing because it 
permits resonances with the sunspot 
cycle! 

Two recent papers have developed 
some of these notions more formally. 
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providing useful insights. 
Hoppensteedt and Keller (Science 
194, 335; 1970) present a mathematical 
study whose essentials are simple. The 
cicadas have a life cycle of length L 
years. All ‘broods’ may be present, that 
is, the pericdical emergence is not 
assumed. Each year the nymphs in the 
appropriate brood emerge and become 
adult, with each surviving adult pro- 
an average of f offspring. 
Nymphs belonging to the other broods 
suffer some mortality, with a propor- 
tion a surviving into the next year. The 
newly hatched nymphs become estab- 
lished underground, subject to the 
constraint tha: the total number of 
nymphs presert in the ground in any 
one year is limited to be not more than 
some carrying capacity K. Finally, the 
adults suffer predation, up to a satura- 
tion level that depends on the predator 
density: if the number of cicadas is 
below this sa-uration level, all are 
eaten; if above, the excess survive to 
reproduce. The predator density de- 
pends on the previous year's density 
(reduced by a mortality factor R) and 
on the previous year's recruitment 
(proportional te the number of cicadas 
consumed that year) This dynamic 
model of the interaction between cica- 
das and their predators can have three 
distinct outcomes If predation is too 
severe, the cicacas cannot survive, and 
the system collapses. If predation is 
relatively unimportant, a ‘balanced’ 
equilibrium in which a constant num- 
ber of cicadas emerge each year is 
possible, and seems to be the only 
stable state. Most interesting is the case 
where predation is of an intermediate 
strength, such tbat a balanced state is 
not possible, but a periodical state (with 
just one brood, emerging every L years) 
is possible. The criterion for this inter- 
mediate situation to hold is that 
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Here R and L are as defined above, 
F-fa* is the average number of off- 
spring produced, and A is the efficiency 
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at which consumed cicadas are con- 
verted into predator biomass. The 
mechanism underlying this interme- 
diate case is not simply that the high 
cicada density associated with the 
periodical state saturates the predators 
while the balanced emergences cannot 
(remember that in this model higher 
cicada densities will generate higher 
predator densities), but rather that the 
longer periods between recruitment in 
the periodical state make it harder for 
the predators to keep their density 
high (hence the factor А" on the right 
hand side of the equation). The above 
criterion is a rather delicate one to 
satisfy, and large values of L help to 
do so, Hoppensteadt and Keller arbit- 
rarily choose parameter values which 
produce beguiling figures in which syn- 
chronised, periodical behaviour is mani- 
fested once the life cycle L exceeds 10 
years, with balanced annual emergences 
for L less than this. 

Hoppensteadt and Keller's model is 
valuable in showing how periodical be- 
haviour can emerge as a stable pheno- 
menon. provided that predation is of 
some intermediate intensity. The 
mechanism involves an explicit inter- 
play between resource limitation (with- 
out which the system would either 
collapse or run away) and predation 
(without which the system would set- 
tle to a balanced state) The conclu- 
sions are not sensitive to Hoppensteadt 
and Keller's assumption about the dy- 
namics of the predator population. If 
| replace their dynamically varying 
expression by a fixed predator popula- 
tion of magnitude P, the same three 
cases arise, with the interesting inter- 
mediate situation pertaining if 
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This expression has the same general 
character as Hoppensteadt and Keller's. 
In reality, the predator population is 
neither entirely independent of the 
cicadas, nor entirely dependent on 
them. It is therefore reassuring that 
the essentials of this mechanism for 
producing synchronised, periodical 
emergences are independent of the de- 
tails. 

Bulmer’s (Am. Nar. 111, 1099; 1977) 
study pays more attention to competi- 
tion among the nymphs under the 
ground. Motivated by the suggestion 
that periodical emergences can be pro- 
duced by competition that is more 
severe between than within year- 
classes, Bulmer considers a mathema- 
tical model without predators. He finds 
balanced solutions if competition is 
fairly uniform, and periodical solutions 
if inter-brood competition significantly 
exceeds intra-brood. When the effects 
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of predation are added (assuming a 
constant predator population), a con- 
clusion similar to that of Hoppensteadt 
and Keller is reached: low levels of 
predation leave the balanced solution 
stable, but intermediate levels destabi- 
lise the balanced solution and produce 
a periodical one. In his discussion, Bul- 
mer flouts the conventional wisdom, 
concluding that "competition between 
year-classes is the main factor likely to 
lead to periodical behaviour". This 
conclusion, however, depends crucially 
on whether inter-brood competition is 
indeed a lot more severe than intra- 
brood (as Bulmer assumes) or not (as 
Hoppensteadt and Keller assume). The 
facts surveyed by Lloyd and Dybas 
seem to me to speak for the later view: 
the fighting behaviour displayed by 
nymphs in defence of their cells suggests 
competition is significant; but there is 
great variability in size among nymphs 
of the same age (“the range of varia- 
tion within a year is far greater than 
the mean difference between years”. 
Lloyd and Dybas. op. cit., page 473) 
which makes it unlikely that inter and 
intra-brood competitive interaction are 
greatly different. 

Bulmer also considers the situation 
when two or three species of periodi- 
cal cicada occur together, and shows 
that satiation of predators is a most 
effective mechanism for synchronising 
the emergences. He also compares his 
mathematical studies with information 
about the natural history of some other 
periodical insects. namely May beetles 
(which over most of their range are 
periodical with a 3-year life cycle. 
lengthening to 4 or 5 years in some 
regions of northern Europe) and the 
northern oak eggar (which has periodi- 
cal behaviour with a 2-year cycle). Al- 
though these insects have much shorter 
cycle times, and less dramatic popula- 
tion behaviour, than the Magicicada 
species, Bulmer’s idea of using them to 
help shed light on the evolution and 
maintenance of periodical behaviour is 
a nice one. 

The studies by Hoppensteadt and 
Keller and by Bulmer both assume that 
the periodical cicada populations are 
limited by the resources available to 
the nymphs. Lloyd and Dybas contest 
this point. They suggest that more 
nymphs could usually be sustained in 
their environment. and that the over- 
all population is limited bv a fungus 
disease. Massospora cicadina, which 
afflicts adult cicadas; the resting spores 
of this fungus survive for decades. and 
thus amount to a form of 'predator 
for whom 17 years is a short time. If 
Llovd and Dvbas' speculation is even- 
tually borne out. it will constitute a 
striking example of the magnitude of 
a natural population being ultimately 
controlled by a disease (Anderson & 
May J. Anim. Ecol. 47, 219; 1978). 
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There remains the fundamental ques- 
tion of how the 13 or 17-year cycle 
first evolved. Lloyd and Dybas survey 
two classes of explanation. 

One envisions a periodical pattern 
first appearing in order to facilitate 
predator saturation, and then gradually 
lengthening. The problem here is that 
the very same mechanisms that main- 
tain the periodical behaviour would 
select against any deviant cicada that 
tried to add a year to its cycle time; a 
cycle in which predator satiation 
played a crucial role could conceivably 
evolve to be shorter. but not longer. On 
this basis, the periodical cicadas seem 
to be sitting on an ‘adaptive peak’ to 
which there is no accessible approach. 

The other type of explanation as- 
sumes an initially ‘balanced’ cicada 
population. controlled by predators and 
parasitoids, all of whose cycle times 
lengthened. perhaps for developmental 
reasons or perhaps driven by an evolu- 
tionary race between prey and preda- 
tor. Once the cycle time L attained in 
this way becomes long enough (in the 
sense specified by the equation above), 
the balanced configuration can abruptly 
become unstable and yield a periodica! 
one. Moreover this discontinuous 
change in the dynamics of the system 
could spell extinction for some of the 
previously key parasitoids, thus making 
the situation observed today all the 
more enigmatic. This is pretty vague 
stuff, but there is at least some evidence 
that cycle times for insect prey and 
predators can be long. Other species of 
forest cicada for which the life cycles 
are known have 7-year cycles: long 
cycle times may well be common 
among cicadas with more or less 
‘balanced’ behaviour. Among their pred- 
ators, the large Australian cicada- 
hunting wasp. Exeirus lateritius, has 
facultative dormancy of 2 or 3 years. 
and some of the parasitoids of the wheat 
blossom midge. Sitodiplosis mosellana 
(which itself has a dormancy under- 
ground of up to 13 years). exhibit dor- 
mancy periods of up to 8 vears. Recent 
work on models for host-parasitoid sys- 
tems with mixed developmental periods 
for the hosts and with parasitoids 
whose cycles are submultiples of their 
hosts’ (MacDonald Math. Biosci. 3, 
255; 1976; Beddington, Free & Lawton 
Nature 273, 513; 1978) lay the founda- 
tions for a more quantitative explora- 
tion of these ideas. 

Finally, a kind of experimental test 
between the above two general explana- 
tions is possible. On the first class of 
explanation, we would expect the 13- 
vear cicadas to have appeared first, and 
the 17-vear ones to have evolved from 
them. On the second class of explana- 
tion (which acknowledges that once 
periodical behaviour becomes estab- 
lished. cvcle times can only evolve to 
be shorter), the 13-year cicadas would 
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be derived from the 17-year ones, White 
and Lloyd (Am. Midl. Nat. 94, 127; 
1975) have shown, that the 13-year 
cicadas have five instars (the last. of :4 
_ years’ duration), while the 17-year ones 
have an extra, sixth instar of 4 years’ 
duration If the second explanation is 
correct, the 13-year cicadas evolved by 
dropping an instar, and they should: be 
replacing the 17 year ones whenever 
they are in contact. Such regions of 
contiguity exist, for example, in the 
Ozark mountains, and detailed studies 
of future emergences in this region 
will ‘be interesting. This touches on a 
practical problem in this research, 


Testing 


namely that, whatever their significance 
in the world of pedators. and parasi- 
toids, 13 and 17 years are much longer 
than the time scale for most research 
grants and tenure decisions. 

To summarise, itis hard to see how 
periodical behaviour сап. evolve. In 
particular, -the — Hoppeusteadt-Keller 
criterion сап only be satisfied by a-deli- 
cate juggling of the pertinent parame- 
ters. But it should be remembered that 
the periodical cicadas comprise only 3 
of.some 1,500 cicada species; an easy 
explanation for the phenomenon would 
be an embarrassment! a 


must chromodynamics 


from Frank Close 


Or the four natural forces only 
“¢lectrorhagnetism and gravity are very 
well understood, Theoretical develop- 
‘ments during the past few years have 
produced candidate theoties of the 
other two' natural forces—the weak 
force of radioactivity and the strong 
nuclear force. 1978 saw the dramatic 
and extremely beautiful experiment at 
Stanford, California which discovered 
- parity violation in electron-proton scat-. 
tering (News & Views 274, 11, 1978). 
This provided significant evidence sup- 
` porting the model of the weak inter- 
action developed over seventeen years 
by Glashow, Salam and Ward and by 
Weinberg and which became a candi- 
‘date theory following work of 't Hooft 
in 1971, For the first time we appear 
to have a theory of the weak force 
which violates no sacred principles 
such as relativity, unitarity and 


causality, is renormalisable (does not. 


have unwelcome infinite probabilities 
in it), is being'increasingly confirmed 
by data—and: could even be correct. , 

Tn addition to having apparently un- 
covered another of Nature's secrets 
we have obtained a bonus, namely 
-that the weak and electromagnetic 
interactions are not two independent 
phenomena but are intimately unified 
(an intellectual achievement com- 
parable with Maxwell's unification .of 
electricity and magnetism). The above 
success has been brewing for the past 
5 years and has been well. described 
in the scientific press (Nature 264, 
505; 1976; 273, 99; 274, 11; 275, 267; 
1978). Meanwhile, encouraged by this 
achievement much enthusiasm and 


effort has-been devoted to developing h 
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a theory of the strong fone ike one 
remaining force without a анан: 
“candidate theory. 

An elegant theory of the strong 
interaction , has been recently 
developed and.is known as 'quantum 
chromodynamics'. It has all the 
desirable necessary theoretical proper- 
ties outlined above for the weak 
theory, and indirect clues gathered 
over the past few years have provided 
qualitative support for it. What. has 
been lacking is a quantitative test 
whereby the theory can be eliminated 
if it fails, Two experimental collabora- 
tions at CERN, Geneva, have- per- 
formed, such a test and the results 
appear to be in agreement with the 
theory. Hence 1978 may go down in 
history as the year in which two of 
Nature's forces were at last revealed. 


A. theory of quark interactions 
Quantum chromodynamics (QCD), 
the theory of the strong interaction, is 
almost identical to quantum .electro- 
dynamics (QED), the theory of the 
electromagnetic interaction. There is 
one minor difference between them 
which turn out to have far reaching 
consequences. 

In QED-the fundamental _particles 
(leptons and quarks) carry- electrical 
charge and couple to photons,, the 
quanta of the electromagnetic field. 
The strength of the coupling is pro- 
portional to the charge of the particle - 
There is only one type of charge; like 
rea] numbers it can be positive .or 
negative Mathematically this isa U(1) 
fleld theory. Particles which do not 
contain electrical charge do not 
couple Чо the photon Hence 
electrically neutral neutrinos do not 
couple to photons, nor do photons 
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couple to other photons directly as 
they are also electrically neutral 

It has been known for several years 
that quarks carry another type of 
charge called colour. Leptons (such 
as the electron) do not .possess this 
charge. One immediately suspects that 
the strong force is somehow connected 
with this colour charge seeing that 
quarks do feel the strong force and 
also carry colour charge whereas the 
colour neutral leptons do not experi- 
ence the strong in:eraction One there- 
fore creates a quantised field theory 
of chromodynamics—the interaction 
of coloured. charge with 'gluons', the 
quanta of the chromodynamic field— 
and hopes that this will have relevance 
to the strong interaction This is in 
complete analogy to electro- 
magnetism The gluons are the 
analogues of the photon and are 


' massless, vector (spin*) particles. 


The one essential difference between 
QED and QCD is that whereas 
there is but one type of electrical 
charge in QED, the colour charge 
has three. independent vaneties-(often 


.called red, yellow and blue charges 
by analogy with the 


primary 
colours) Mathematically this three- 
fold. charge yields an SU(3) field 
theory-as against О(Т) for QED This 
has the consequence that gluons 
themselves carry colour charge 
whereas in QED photons do not carry 
(electrical) charge; for example a red 
quark annihilating with a yellow anti- 
quark will yield an orange (red-yellow) 
gluon There is a total of eight 
coloured gluons as against just one 
photon in QED 

Coloured gluons couple to any par- 
ticle which carries colour charge. The 
gluons themselves have colour. Hence 
gluons can couple directly to other 
gluons. This essential difference from 
QED, where photons being electrically 
neutral do not self couple, yields pro- 
found consequences but for which 
our Universe would have been very 
different, or even nonexistent 


Asymptotic freedom 
QCD makes specific predictions as to 
the strength, of the quark to gluon 
coupling. Its absolute magnitude is 
not understood (just as no-one has 
yet understood why the electromag- 
netic coupling has the magnitude 
a=1/137). However, the coupling is 
predicted, to have an effective depen- 
dence upon the.interquark distance. 
This dependence has been confirmed 
in recent experiments. To illustrate 
what we mean, first recall the more 
familiar case of electromagnetism 
When a charge is placed in a: die- 
lectric it polarises the surrounding 
material. The effective strength of this 
charge, as measured by the force on 
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a second test charge, will depend 
upon the separation of the two charges 
because when the separation is less 
than the intermolecular spacing the 
.full effect of the charges will be felt 
without any dilution from: the 
polarisation of. the surrounding 
dielectric whereas at larger separa- 
tions the polarisation dilutes the 
charge density. If we insist that the 
force is Coulombic, then we will. be 
forced into concluding that the effec- 
tive charge has: increased at. short 
distances, 

The same phenomenon obtains in 
a vacuum where an electron surtounds 
itself with a cloud of virtual electron- 
positron pairs. A detailed study. of 
QED confirms this heuristic picture: 
the value of a is not a constant but 
increases at short distances. 

In QCD the prediction is precisely 
the opposite: the effective coupling 
decreases at short distances. This is 
essentially because the gluons now 
carry charge themselves (in contrast 
to the photons of QED) and tend to 
transport’ the charge of the source 
away from the source and into the 
surrounding cloud of virtual quark- 
-antiquarks and gluons. '-- 

Hence if a very high frequency 
short wavelength beam probes the 
“space-time structure of the: proton 
at short distances, it will see a collec- 
tion of effectively free quarks. This 
phenomenon was discovered ten years 
ago and was somewhat ‘paradoxical 
since if quarks were indéed free then 
why did they not float freely out from 
the proton? ' 

QCD appears to provide the answer 
to this paradox. It predicts that the 
quarks are free at asymptotically short 
distances, as observed As the quarks 
are pulled ‘apart so the force incréases. 
Hence at large distances the inter- 
quark force is large ‘and they are 
confined in the proton. This property 
of the quarks has suggested the com- 
parison- of the proton ‘to an ideal 
prison—perfect freedom: inside but 
no-one can escape. 


Testing QCD © 

The above is a pleasing resolution of a 
paradox—free confined quarks—but is 
hardly sufficient to confirm a theory. 
What аге needed are quantitative pre- 
dictions to test. Last ‘summer a 
collaboration from Aachen, Bonn, 
CERN, London, Oxford and Saclay 
produced data on very high energy 
neutrino-nucleon interactions at the 
CERN-SPS which appear to provide 
the first dramatic quantitative test 
of the theory (Bosetti et al. Nucl. 
Phys. B142, 1; 1978). À recent paper 
from а CERN-Dortmund-Heidelberg- 
Saclay collaboration (de Groot et al. 
CERN report) has provided indepen- 
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dent confirmation of these results. 

. What has.been shown is that there 
are gluons as. well as quarks in the 
proton. The gluons have been shown 


indeed to be vector particles (like the. 


photon and as required by QCD). The 
short distance interquark force cannot 
be probed to infinitesimal distances 
because the experiment is limited to 
finite energy. By tuning the energy 


one can measure the distance depen- 


dence of the quark-gluon ‘coupling. 
The quantitative behaviour was found 
to be as- predicted by the theory. 

These are all solid clear cut tests 
of the theory. There are also some 
hints in-the data that may provide 
support for the prediction that the 
gluons can couple to each other (as 
a result of their carrying colour 
charge) but this will require much 
more study before being fully proved. 

Another test of the theory involves 
electron-positron annihilation. At high 
energies the particles produced appear 
to come in two jets, as expected 
if they are the products of a fast 
quark and antiquark that have been 
produced in the e'e* annihilation. If 
the. eet produce a massive vector 
meson like the #/J at 3.1 GeV or the 
Y-at 9.4 GeV, then QCD predicts 
three jets. This is because the meson 
turns into three gluons; three being 
the minirnum number allowed by the 
various conservation laws." The ¥/J is 
too light to allow a good test of this 
prediction Studies of the -more 
massive Y at DORIS, Hamburg, ‘are 
beginning to provide data supporting 
the three jet prediction. These tests 
will be high on the list of priorities of 
the early physics at PETRA, the new 
high energy electron-positron machine 
at Hamburg. - p 

In 1979 we can hope te sec QCD 
established as the theory. of the quark 
force. If, as seems probable, it is 
confirmed then we will have theories 
of weak, electromagnetic and strong 
forces. The former pair are already 
known. to be intimately linked and 
unified. Their similarity’ in structure 


‚чо QCD, if: verified, hints. at hore 
than ‘coincidence and promises that: 


all three may be related or unified. 


Ideas on this are already being, 


developed in anticipation. Experimen- 
tal confirmation of QCD will be a 
milestone as' another of Nature's 
forces will have been revealed. It 
seems possible that the dream of 
synthesising all of the natural forces 
may soon be realised with usd 
profound consequences - 

There is great optimism that the 
experimental discoveries of 1979 will 
be. pointing us down this :road. 
This would be an apt celebration, of 
Einstein’s centenary as it was his 
genius that gave us the theory of the 
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remaining force; gravity. Furthermore 
he.spent a substantial part of his later 
life attempting to build a "unified 
theory of the “natural forces, If we 
are indeed on the verge of verifying 
QCD, and if unification with the 
electro-weak interaction is next, then 
the final step will be to, include 
gravitational interaction C 


Immunology of 
malaria 
from F. Е. G. Cox . 


THE possibility of producing a vaccine 
against malaria, probably the most im- 


. portant disease an the world, is one of 


the majér-challenges facing biomedical 
scientists today. This is a field for 
optimists for, as the pessimists point 
out, there is no immediate possibility 
of such a vaccine On the other hand, 


- over the past few years progress in 


our understanding of the immunology 
of malaria has been phenomenal and 
it is important at this point to take 
stock and to assess the, possibilities of 
vaccination and also, assuming that an 
effective vaccine can be produced, the 
problems inherent in making it accept- 
able. The World Health Organisation - 
has éncouraged most of this recent 


.work and the purpose of a recent 


workshop* was.to review our present 
state of knowledge of this subiect. 

In malaria, sporozoites injected by a 
mosquito circulate in the blood for 
about 30 min before entering the liver 
to undergo the first stage of multipli- 
cation. Invasive stages, the merozoites, 
flood from the liver and: invade red 
blood cells in which -further multipli- 
cation occurs, resulting in more mero- 
zoites, and eventually sexual stages, 
gametocytes, form and these are taken 
up by the mosquito in which the life 
cycle is completed. Immunological 
responses to all.stages of the life cycle 
have been demonstrated but a major 
problem is that these responses are- 
stage-specific. At present, there: are 
three main candidates for. the prep- 
ardtion of conventional vaccines; sporo- 
zoites, merozoites and gametocytes. 
The sporozoite is an obvious target and 
the possibility. of an anti-sporózoite 
vaccine, ploneered by R. S. Nussenz- 
weig (New York), has been adopted 
by the US Navy. Successes have been 
reported using sporozoites inactivated 
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in various ways in several host-parasite 
models. The main advantage of the 
sporozoite vaccine is that it does not 
need an adjuvant while the disadvan- 
tage is that it requires a number of 
immunising injections. . 

Merozoite vaccines (developed by S 
Cohen, London) are also effective and 
the material’ necessary for preparing 
the vaccine is now easily and safely 
obtained but adjuvants are required. 
Gametocyte vaccines (R W Gwadz, 
National Institutes of Health. Bethesda) 
prevent fertilisation within the mos- 
quito but depend on the vertebrate host 
experiencing an infection This kind of 
vaccine is effective and academically 
interesting but hardly acceptable in its 
present form In addition to these con- 
ventional specific vaccines there is also 
evidence that nonspecific factors play 
a part in immunity against malaria and 
may involve the natural killer (NK) 
cells now being implicated in tumour 
immunology, (A С. Allison. Clinical 
Research Centre, Harrow; Н Wigzell. 
University of Uppsala) 

Tt 1s obvious that the vaccines in use 
at present need to be improved and 
considerable effort has gone into ex- 
ploiting,the possession of stage-specific 
antigenic differences and it is in this 
area that biochemusts are coming into 
their own. The antigens of Plasmodium 
knowlesi from rhesus monkeys have 
been well studied and merozoite anti- 
gens have been analysed by I, A. Deans 
(London). sporozoite antigens by E 
Nardin (New York) and blood stage 
antigens by R  Schmidt-Ullrich (Bos- 
ton) However, this work has pro- 
ceeded little further than the prepara- 
tive stage at present and work with P. 
falciparum is no farther advanced 
(R J М. Wilson. London) 

The final part of.the, meeting was 
devoted to the practicability of devel- 
oping a vaccine suitable for.use in 
humans The need for carefully con- 
trolled trials and the. difficulties in- 
herent in these were stressed by Т A 
McGregor (Gambia) and the possibility 
of having to accept some, risks: and 
only partial success was raised by R D 
Powell (University of Chicago, Chi- 
cago). Because of the need for safety 
and the difficulties in finding volunteers 
and naive populations in endemic 
areas, the successful development and 
perfection of a vaccine may present 
even greater problems: than discover- 
ing one. /— , 

Jt may be that asking a group of 
malaria immunologists if they believe 
in a vaccine is like asking the College 
of Cardinals if they believe in God but 
the general consensus of opinion from 
the meeting was that scientists should 
be asking when a malana- vaccine 
could be developed, not if, and this 
opinion must justify the World Health 
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Organization's faith in such a possi- 
bility s ; [3 
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The surface . 
photoelectric effect 


from John Pendry . 


One of. the theoretician's favourite 
models of a solid is a box in which the 
potential is constant so that the elec- 
trons move around freely The math- 
ematical simplicity gained by 
neglecting atomic scattering enables a 
comprehensive treatment of the prob- 
lem to be made; in particular the sur- 
face of the box can be studied in detail. 
There is a competition between the 
electrons’ desire to stay inside the 
attractive potential of the box, and the 
tendency to spill over the surface and 
so reduce the kinetic energy The situ- 
ation is made doubly complicated be- 
cause of the charge on the electron 
which means that as the electron wave- 
functions are modified, the potential 
changes as well. A self-consistent deter- 
mination of the electronic wave- 
functions and the surface potential 
must be made to discover the height of 
the potential barrier at the surface, 
and its shape, particularly its width, 
which reflects the degree to which the 
electrons spill over the surface This 


surface potential is important for cer- 


tain applications such as the study of 
chemisorption at a surface, or elec- 
trical properties of surfaces An alter- 
native way of viewing the electrons' 
response to the surface is to treat them 
collectively as a dielectric medium 
which screens the bare' surface poten- 
tial of the omginal box without the 
electrons This collective view is par- 
ticularly appropriate when a time- 
dependent perturbation, such: as a 
photon. disturbs the system The elec- 
trons are caused to oscillate collec- 
tively: and are known to exhibit 
characteristic resonances at the sur- 
face-plasma frequency. This frequency 
is determined by the details of the 
surface. as is the distribution of the 


charge that takes part in the collective. 


oscillation Again these surface, plasma 
oscillations dictate some of the basic 
properties of the surface 

Surprisingly „enough, it is believed 
that this idealised model of free elec- 
trons is quite close to- the truth in 
simple metals such as sodium, potas- 
sium, magnesium or aluminium. It 
—єЄ————©———————_ 
J. B Pendry is at the Daresbury Labora- 
tory of the Science Research Council. 
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Fig. 1 The results of Petersen for s 
and p polamsed photoenussion from 
an aluminium surface. 


fails of course when the atomic charac- 
ter of the electron orbitals persists in 
the solid, as in the transition metals. 
The existence of a large body of theory 
for this tractable model, and the physi- 
cal realisation of the model in several 
easily available materials could be 
expected to lead to a rapid growth in 
our understanding of the surface 
potential and the surface plasma oscil- 
lations This has not been so. Inter- 
pretation of the major experimental 
technique, photoemission, has many 
complications and it has not been easy 
to vary enough parameters to get a 
comprehensive picture Recently Peter- 
sen and coworkers (Zeitschrift fur 
Physik B31, 171; 1978 and Phys Rev 
Lett 41, 1314; 1978) have used a syn- 
chrotron to provide a source of polar- 
ised photons whose energy can ‘be 
varied at will in the 0-25 eV range It 
seems that experiments with this 
source can confirm many of the 
theoretical predictions made in recent 
years 

In an extremely simplified picture of 
photoemission, the emitted current 1 
of electrons is proportional to 


Гос, <, А.У [> |t 


where ¥, is the electron wavefunction 
before excitation, Y: the wavefunction 
after excitation, A is the A-vector of 
the electromagnetic field, and V is the 
step in potential at the wall of the box, 
which cohfines the conduction elec- 
trons,inside the box It 1s commonly 
called the surface barrier, and in the 
free electron model at least is a func- 
tion only of the coordinate normal to 
the surface We can easily understand 
the occurrence of both A and VV in 
the expression for the current: the 
photon described by A provides the 
energy to excite the electron, but 
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carries hardly any momentum, V V oa 
the other hand is a source of mo- 
mentum normal to ће surface and 
allows both energy and momentum to 
be properly conserved in the transition. 
I should add that in a rigorous treat- 
ment other terms appear that are duo 
to inhomogeneity of A(r) at the sur- 
face. Obviously our equation provides 


a means of checking both the variation: 


of charge density at the surface (which 
determines V) and the dielectric pro- 
perties (which determine A, given the 
conditions of incidence). 
Complications arise on two accounts: 
(1) The potential inside the solid is not 
perfectly constant and VV will have 
volume 1n addition to surface contribu- 


tions; (2) the critical parameter in the, 


equation above is the angle between A 
and the surface normal: Any roughness 
of the surface ‘will spoil the simple 
predictions Complication (2) is much 
more critical than might have been 
suspected. 
in the surface can excite the surface 
plasma oscillations which propagate 
away from the inhomogeneity and 
change the A vector over a large area 


even small inhomogeneities 


Both (1) and (2) have to be subtracted 
before comparison with theory can be 
made. 

By changing the polarisation of the 


light from s (A, parallel їо the surface)- 


to p (Ap perpendicular to A.) the true 
surface effect can be switched on. 
Figure | shows Petersen’s results for s 
and p polarised light. When the s 
results have been renormalised to cor- 
rect for the larger reflectivity of s light 
they give .the contribution..only for 
effects (1) and (2) to the p polarised 
results. The remainder results from the 
A.VV terms which is of course zero 
for s light. The lower panel in Figure 1 
shows ‘comparison -of the corrected 
experiments with theory (Endriz Phys. 
Rev. B7, 3464; 1973) taking account of 
surface plasmon effects in addition to 
the simple term shown in the equation. 
The results аге’ encouraging but' reveal 
that theory has some way to go before 
a complete description is available. At 
least the new generation of experi- 
ments are now providing the checks on 
theory required to stimulate further 
advances. 


o 


Non-ideal plate. tectonics 


from Ron Oxburgh 


THE general character of the large 
scale tectonic'plates:that make up the 
surface of the Earth is by now fairly 
well known So too are their present 
day motions as they separate, allowing 
warm ductile rock from below to well 
up and congeal onto their trailing 
edges; as they slide past each other, 
or as they converge, on sliding beneath 
another to be assimilated once more 
into the Earth's mantle Three lines of 
evidence may be used to constrain these 
motions: spreading rates,. earthquake 
slip vectors, and the trends of trans- 
form faults, all are employed in a re- 
cent analysis of plate motions by Min- 
ster and Jordan (J. geophys. Res. 
783, 5331; 1978). | 
They estimate spreading rates from 
the distance of a characteristic mag- 
netic signature on the ocean floor 
(anomalies 2 and 2') from the ridge 
crest at which it was formed; the rates 
are thus averaged over a narrow and 
well constrained time interval of about 
3 million years Earthquake ‘slip vec- 
tors and transform.fault trends allow 
the direction of relative motion be- 
tween two plates to be determined; the 
former are established -by studies of 
the first motions associated with -a 
particular earthquake observed in 


E. R. Oxburgh ts Professor in the Depa 
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different parts of the Earth, and con- 
strain or define, the.relative motion on 
the plate boundary where the earth- 
quake occurs. However, the best direc- 
tional constraint is provided by trans- 
form faults; they must lie along small 
circles parallel to the direction of 


movement between the two plates, as, 


along them plates nelther separate nor 
converge. 

Minster and Jordan use 110 estimates 
of sea-floor spreading velocity, 78 
transform fault azimuths and 142 


earthquake slip vectors to construct a- 


world-wide, internally consistent model 
for motions between 11 surface plates 
They show that this new data set pro- 


vides a model which is free of most of . 
the inconsistencies of earlier syntheses. 


and with one major exception, fits all 
observations extremely well. The ex- 
ception is the boundary of the Indian 
plate with the Antarctic and Pacific 
plates where there are systematic mis- 
fits Although this.could be the result 
of observational errors the authors 
point out that it could also be the re- 
sult of internal shortening within the 
Indian plate in a northwest-southeast 
direction at a rate of about 1 cm yr *. 

Clearly one must hesitate before ac- 
cepting an interpretation “which 
involves an assumption diametrically 
opposed to'that upon which the model 
was constructed in the first plaċe, that 
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is, that plates afe internally rigid One 
must ask whether in that case the In- 
dian plate is the only one undergoing 
internal deformation and, if not, 


. whether the fit achieved elsewhere may 


not be fortuitously ‘good. 

The answer to these questions is 
probably that the authors are right. A 
somewhat improbable pattern of obser- 
vational érrors would be required; and, 
on the other hand, the Indian plate is 
sufficiently unusual in several other 
respects that it could be different in 
this way too; not only did it move 
northwards during the Mesozoic at, by ` 
plate tectonic stdndards, the breakneck 
speed of 17¢m yr^', but after the colli 
sion of the Indian and Eurasian 
continents continued to do so at a 
significant rate (the Minster and Jor- 
dan data suggest about 5 cm yr’). The 
interaction of the two continental 
masses must interfere with steady sub- 
duction along the northern boundary 
of the plate and give rise to anomalous 
stress conditions within it. It is worth 
pointing out that ihe plate is also the 
site of a massive and unexplained geoid 
anomaly—the geoid (the gravitational 
equipotential surface) is depressed 
about 110 m below its expected value. 
"The interaction of the Indian and 
Eurasian plates finds its most spec- 
tacular expression in the Himalayan 
Mountain chain' Very different in 
character, but apparently developed 
almost simultaneoüsly, is the Tibetan 
plateau immediately to the north. The 
plateau is a lozenge-shaped flat area 
of over a million" km? bounded by 
mountainous zones of folded and 
faulted rocks. The plateau was beneath 
sea level at the end of the Cretaceous 
period and has subsequently been ele- 
vated without signiflcant folding to a 
height of aboüt- 5,000m. There has 
been ‘extensive young volcanic activity 
within it during the'uplift and continu- 
ing to the present.’ 

Relatively little is known, at any 
rate in the West, of the geology of this 
fascinating area Tt is therefore hardly 
surprising that two separate groups. 
Molnar and Tapponnier (J ‘ geophys 
Res. 83, 5361: 1978) and Ni and York 
(J. geophys. Res. 83, 5377; 1978) have 
taken the opportunity of studying it by 
means of the new ERDA LANDSAT 
photographs and interpreting these 
along with slip vector information 
derived -from earthquakes occurring. 
within the area. Both arrive at the in-' 
teresting conclusion that although in 
the Himalayas along ‘the southern 
margin ‘of the plateau there is thrust 
faulting, within the plateau there are 
north-south trending normal faults 
with the formation of rifts, ‘and indi- 
cating’ an extension in an east-west 
direction. There is also strike-slip fault- 
ing in a WNW-ESE trend. It seems 
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therefore as if the Tibetan plateau is 
responding to compression from the 
south not by folding but by a kind of 
lateral extrusion. This requires a 
ductile behaviour in the underlying 
crust and upper mantle, a condition 
which is compatible with an observed 
strong attenuation of elastic waves 
beneath the region. 

Molnar and Tapponier take the 
further step to suggest that the ductile 
lower crust and upper mantle beneath 
the Tibetan plateau may be regarded 
as the working fluid in a massive geo- 
barometer, the elevation of the plateau 
reflecting the level of stress transmitted 
to the fluid contained by surrounding 
but uncoupled blocks. The authors 
essentially propose the decoupling of a 
thin and more or less passive brittle, 
upper crustal layer from a ductile zone 
beneath, which experienced relatively 
homogenous crustal shortening. It does 
seem, however, that the amount of 


Life at low Reynold's 


from Paul Colinvaux 


SMaLL planktonic animals must feed 
in water which has properties a little 
like those we know in treacle, as the 
size and slow motions of the zoo- 
plankters make them live at low 
Reynold's number, at which liquid flow 
becomes laminar. One of the properties 
of laminar flow is that raking or stir- 


ring movements do not jerk particles 


through the water so that there is no 
easy displacement of suspended matter. 
Planktonic herbivores respond to this 
reality by generating a flow of water 
towards themselves and then ‘filtering’ 
the flow for algal food. Operating a 
filter seems an indiscriminate mode of 
feeding and one wonders whether one 
of the consequences of life at low 
Reynold's number is that zcoplankters 
are of so catholic a taste that they eat 
everything caught in their ‘filters’. If 


Erratum 


isostatically compensated crustal short- 
ening required to ‘pump up’ the 
Tibetan plateau to 5,000 т is very 
large (of the order of 10075) and this 
would involve a much larger strain in 
the overlying plateau than is observed. 

Molnar and Tapponier may not have 
solved the problem of plateau uplifts— 
there are other comparable but smaller 
features such as the Colorado plateau 
—but they have refocused attention on 
the long standing problem of how 
stresses are transmitted through the 
lithosphere to produce localised strains. 
The deformation is clearly inhomo- 
geneous and there is much to be 
learned about the formation and de- 
coupling and interaction of small scale 
crustal and lithospheric blocks. The 
combined application of the methods 
of earthquake fault-plane solutions, 
surface geology, gravity, and elastic 
wave attenuation studies offer a prom- 
ising way forward. п 


number 


they do, it seems curious that the algae 
of the phytoplankton have evolved so 
many shapes and sizes. Zooplankters 
must also cope with the consequences 
of living in a transparent medium. 
Rapid motion is forbidden by the low 
Reynold’s number and there is nowhere 
to hide. Their fluid environment also 
tends to be layered. warm on top and 
cold underneath. The strategies adopted 
by zooplankters to deal with these 
conditions were explored at a confer- 
ence on the structure of zooplankton 
communities held at Dartmouth Col- 
lege New Hampshire*. 

We now have a better idea of what 
‘filtering’ really means because the 
process has been watched by high- 
speed cinematography through a micro- 
scope (J. R. Strickler, University of 
Ottawa; J. J. Gilbert. Dartmouth Col- 
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lege). It turns ou that food is often 
‘handled’ rather than ‘screened’. A long 
filamentous diatom colony, for ifs 
stance, is manoeuvred by a copepod to 
be end-on to the mouth, then fed into 
the jaws and brcken up like brittle 
spaghetti. Larger fragments vanish 
down the animal’s mouth but smaller 
fragments drift way. In a feeding 
rotifer, a stream of water flows against 
the ciliated wheel, where different algal 
cells are accepted or rejected as they 
thump against the cone that leads to 
the rotifer mouth. 

Data on what particles are removed 
from suspended mixtures also show 
that herbivores ia the plankton do 
specialise to some extent. but that the 
discrimination is “airly crude, usually 
by size or against tne obviously scarcely 
edible. Copepods end rotifers discrimi- 
nate more than de cladocerans. 

The habit of swimming up by night 

and down by day (vertical migration) 
has various possble advantages. It 
hides zooplankton from predators that 
hunt by sight. Bu: the habit can also 
result in a systematic food search and 
it also ought to les plankters lower the 
energy cost of respiration by putting 
them in the cold bottom water when 
not actively feeeding. The conference 
was given strong evidence that all three 
mechanisms were, indeed, driving the 
habit, with a suggestion that predation 
was the most prevalent. 
. Water mites, which are apparently 
without serious predators. may migrate 
up and down, apoarently in quest of 
food or optimum temperature, But 
plankton іп trcpical Lake Gatun 
abandoned a former pattern of vertical 
migration when their fish predators 
were removed. Ir Lake Llano in the 
Phillipines Chaoborus is restricted to 
water deep enoug to let it hide from 
fish at the dark bottom by day. In the 
30m high exper mental chamber at 
Dalhousie University marine copepods 
went up and dowr when the water was 
essentially without food but abandoned 
their migrations .o remain at ап in- 
troduced layer of algae. In the Arctic 
Alaskan Toolik Lake, where there is 
no night in summer, there was no 
regular vertical migration but the ani- 
mals adopted a depth which depended 
on temperature or their age and 
hunger. 

Another way єп which the larger 
zooplankton avoid predators appears 
to be by 'cyclomorphosis'. Specimens 
of some large Cladocera have a signifi- 
cant part of their total volume taken 
up by essentially :ransparent protuber- 
ances, a change cf shape of the grow- 
ing animal that can be expected to 
minimise the target presented to a fish 





*Held on 21-25 August, 1978. 
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hunting by sight. There were more 
confirmatory data to support the 
validity of this hypothesis, particularly 
of the kind that correlates cyclo- 
morphic phenomena with the presence 
of fish. In addition, it has been nicely 
shown that the visual acuity of plank- 
tiverous fish is of the order expected by 
the hypothesis so that reducing ap- 
parent size is a valid strategy for 
plankters. There is consensus that pre- 
dation is, indeed, the selective force 
behind the cyclomorphosis of the 
larger cladocerans. 

Attention has now shifted to the 
adaptive responses produced by small 
invertebrate predators. Some of these 
are at low Reynold's number like their 
prey, and have comparatively low suc- 
cess rates. Others. like Chaoborus, can 
cross the Reynold's number divide. 
make fast capture movements, and 
wait in ambush on vertical migration 
paths. The rotifer Asplanchna, an 
animal not much larger than the other 
rotifers on which it preys, is most suc- 
cessful against victims that are not 
spiny. suggesting that spines are an 
adaptation to Asplanchna predation. 
Heterecope predation can induce the 
possession of spines in prey populations 
rather as fish predation induces cyclo- 
morphosis in Cladocera. There was a 
general feeling at the conference that 
small predators may be more important 
in producing structure in zooplankton 
communities than competition between 
herbivores. 

With filtering. vertical migration, 
and cyclomorphosis becoming under- 
stood we may claim to be mastering 
some of the immmediate causes of 
community structure in the plankton. 
The underlying causes remain obscure. 
The difficulty in deciding even whether 
responses involve selection or merely 
phenotypic plasticity can he gauged by 
the fact that there still seems uncer- 
tainty about what constitutes many 
planktonic species. Taxonomists hesi- 
tate to put names on tropical zoo- 
plankters, not feeling sure whether 
many of these can be fairly assigned 
to species known from temperate lati- 
tudes, and there seems a growing doubt 
that species from temperate Europe 
and North America are really the same 
even though they look extremely simi- 
lar. A further question is how much 
of the response to selective pressures 
such as predation can be genetic when 
typical populations are asexual clones? 

One particular peculiarity was called 
to mind by several observations from 
the tropics: there are usually very few 
species of zooplankter in the open 
water of a tropical lake. perhaps one 
or two copepods. one or two clado- 
cerans. and a few rotifers. This com- 
paratively tiny assemblage of herhivores 
feeds on an array of phytoplankton 
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Magnetics, climate and eccentricity 


from Peter J. Smith 


One of the most surprising correla- 
tions to have been discovered in recent 
years is that between fluctuations in 
palaeoclimate and the palaeomagnetic 
field—surprising because it is difficult 
to imagine any possible causal con- 
nection between ап atmospheric 
phenomenon and motions in the 
Earth's fluid outer core. Indeed, so 
astonishing was the geomagnetism- 
climate relationship that. when its 
existence was first hinted at. a good 
many people were inclined not to 
believe it. But if there are still any 
sceptics around, it may be presumed 
that they never saw the report by 
Wollin er al. (Geophys. Res. Lett. 4, 
267; 1977) published some 18 months 
or so ago. For in it Wollin and his 
colleagues presented data from several 
deep sea sediment cores, showing a 
convincing general (anti) correlation 
between the intensity of соге 
magnetisation and foraminiferal 
abundance—which means a correla- 
tion between warm climatic stages and 
periods of low geomagnetic field 
intensity. 

They went even further. Harrison 
(Earth-Sci. Rev. 10, 1: 1974) and Kent 
and Opdyke (Eos 87, 237; 1976) had 
already suggested that any relation- 
ship between geomagnetic field and 
climate may be the result of a third 
phenomenon; and Hays er al. (Science 
194, 1121; 1976) had linked ice ages 
with the obliquity and precession of 
the Earth's orbit. Wollin and his 
coworkers therefore plotted not only 
magnetisation апа foraminiferal 
abundance but also the variation in 
the Earth's orbital eccentricity as 
deduced by Van Woerkom (in 
Climatic Change (ed. Shapley, Н.) 
Harvard University Press, 1953). A 
threefold correlation between warm 
climate, low field intensity and high 
orbital eccentricity for the past 
0.8 Myr was thus revealed, the clear 
implication being that eccentricity 
modulates both climate and geo- 
magnetic field. 

In view (presumably) of previous 
scepticism on the climate- 


species that may number 200 or so 
different kinds. On land, such an array 
of plants always seems to be under 
pressure from many different her- 
bivores, and we call on the ‘cropping 
principle’ to explain plant diversity. It 
is an apparent paradox of the zoo- 
plankton that natural selection has not 
provided an array of herbivore species 
to specialise on the diverse array of 


geomagnetism issue, Wollin ez al. 
were rather cautious about the reality 
of the relationship emerging from 
their data, But if their new results 
are anything to go by they need not 
have worried, for they have now 
demonstrated a similar correlation in 
a single North Atlantic sediment core 
spanning no less than the whole of 
the past 2 million years (Earth planet. 
Sci. Lett. 41, 395; 1978). This time 
they used the more recent eccentricity 
data from Vernekar (Meteorol. Mono- 
graph 12, American Meteorological 
Society, 1972), but the result was the 
same. Warm climate matches low 
field matches high eccentricity. 

But why? For the time being that is 
anyone's guess; so Wollin and his 
colleagues have had a go at it them- 
selves. They begin with the premise 
that because the density of the Earth's 
core is greater than that of the near- 
surface zone, the  core-mantle 
boundary is less elliptical than the 
Earth’s surface. They then argue that, 
as a result, the torque exerted by 
solar and lunar gravity on the core 
is smaller than that on the mantle: so 
the core tends to precess more slowly 
than the mantle. Moreover, as the 
Earth’s orbit is eccentric. the solar 
gravitational field acting on the Earth 
has an annual variation that increases 
as the eccentricity increases. There- 
fore when the eccentricity is greater, 
the difference between the torques 
acting on mantle and core is greater, 
and the tendency of the core and 
mantle to precess at different rates is 
enhanced. 

Wollin er al. then go on to suggest 
that such an increase in the 
differential procession will lead to 
perturbations in the core's convective 
flow of such a type as to reduce the 
strength of the geomagnetic dipole 
and hence reduce the effectiveness of 
the magnetic shield against corpuscu- 
lar radiation. Anyone else want to 
try? 





Peter J. Smith is a Reader in the Depart- 
ment of Earth Sciences, The Open 
University, Milton Keynes. 


plants. Probably the answer to this 
paradox lies in the fact that the dis- 
criminatory powers of planktonic her- 
bivores, so clearly revealed at this 
conference. are yet rudimentary com- 
pared with those of small terrestrial 


herbivores. [3 
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Climatic -warming could cause increased melting from. 
Antarctic ice-shelves. Continued weakening Of the ice 
shelves in ihis way would result in the ultimdte collapse of 
most of the West Antarctic i ice sheet. For complete removal 
of the ice shelves collapse of the ice sheet and a 5 m rise in 
` world sea level could occur in <100 yr. More realistically, 
ice-shelf deterioration is likely to be a rather slow process, 
and even for a major and sustained warming trend ice- 
sheet collapse would take several hundred years, with тозї. 
of the associated rise in sea level occurring during the final 
century. However, little is known about the glaciers. that 
drain the northern part of the ice sheet. These glaciers have 
little or no protective fringe of ice shelf and, unless they flow 
over sufficiently high bedrock sills, they mar show a more 
rapid response to increased temperatures. . 


MERCER warned recently’ that increasing levels of atmospheric 
СО; may lead to climatic warming that is sufficiently magnified 
in high latitudes to cause the demise of the Antarctic ice shelves 
and the inevitable collapse of the West Antarctic ice sheet, 
leading to a 5 m rise in world sea level. Although at present, 
parts of the Ross Ice Shelf seem to be growing thicker’, Mercer's 
warning cannot be dismissed lightly as the West Antarctic ice 
sheet is undoubtedly buttressed by ice shelves, and these ice 
shelves are highly susceptible to changes in climate. Mercer 
suggested” that significant climatic warming may be imminent if 
not already in progress, and here we try to estimate how rapidly 
ice-sheet collapse could occur and which parts of the ice sheet 
are most susceptible. First, however, we stress the need for more 
sophisticated modelling of climatic response to changing levels 
of atmospheric CO, since there is no general agreement regard- 
ing the sign, let alone the magnitude, of the response. Here we 
thall simply assume that warming, for whatever reason, is 
sufficient to increase ablation rates from Antarctic ice shelves. 
The West Antarctic ice sheet (Fig. 1) rests on land that, for the 
most part, is below sea level. Most of the drainage from the ice 
sheet is into the Ross and Ronne ice shelves, which have a 
кишер шйпепсб aa ice Homing across the grounding Bre has 
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to push the ice shelf past its sides and around areas where the ice 
shelf has locally run aground on seabed shoals to form ice rises. 
The effect of climatic warming would be to weaken the ice 
shelves and reduce their buttressing effect so that flow rates 

the ice sheet would increase. This would provide negative 
feedback because the advection of thicker ice from upstream 
would tend to balance the increased melting rates. In this way 
collapse of the West Antarctic ice sheet would proceed at a 
slower rate than would be the case for complete removal of the 
ice shelves, A full analysis of ice-sheet collapse in these condi- 
tions is extremely difficult, but we can estimate maximum retreat 
rates by making some simplifying assumptions. 

Warmer temperatures will weaken ice shelves in two ways— 
by thinning due to melting at the upper and lower surfaces; and 
by enhancing existing lines of weakness, such as rifts and bottom 
crevasses, so that calving rates are increased. Disintegration of 


-an ice shelf by such calving is most likely where the ice shelf is in 


longitudinal tension. This condition holds over most of an 
ice-shelf surface except upstream from an ice rise, where 
longitudinal stresses are strongly compressive and calving is 
unlikely to occur until the ice rise has Once this 
happens the ice shelf is in longitudinal tension all the way from 


` the grounding line to the ice front and, if accelerated calving 


does occur, the calving front may recede to the grounding line. 
In order to incorporate the effects of both increased calving and 
increased melting within a-mathematically tractable model we 
shall assume that most of the Ross Ice Shelf is instantaneously 
removed by accelerated calving along existing lines of weakness 
(Fig. 1). Only the portions of ice shelf that are protected by ice 
rises remain and these persist until the ice shelf floats free from 
the seabed. shoals beneath the ice rises. We shall restrict our 
analysis to the two most active ice streams (B and E in Fig. 1) that 
flow into the Ross Ice Shelf. These ice streams flow along 
iiis iare and they are separated from neighbouring ice 

by ridges or domes of slow-moving ice that rests on 
dre ridges”. Outflow from both ice streams is currently 
restricted by two ice rises within the Ross Ice Shelf—Crary Ice 
Rise and Roosevélt Island (Fig. 11, We assume that the ice 
streams are parallel sided and that, as the grounding line 


. retreat, a floating ісе shelf forms between the marginal ice 


ridges (Fig. 2). The seaward grounding line of these ridges will 
also retreat, but rather slowly because the ice is probably frozen‘ 


: to the comparatively shallow bedrock. In our analysis we assume 


that during ice-sheet collapse the only restrictions to outflow are 
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;Fig. 1 West Antarctica, showing the areas of bedrock that are 
above sea level: The arrows represent ice streams that drain the ice. 


sheet. Most of the ice that flows into the Ross Ice Shelf from West. 


Antarctica drains through ice streams B and.E. Pine Island Glacier 


and Thwaites Glacier carry most of the ice that drains northwards. ~ 


/These glaciers soem to.be relatively unprotected by bgupded' or | 
“partially grounded ice shelves. Vertical sectións taken along the s 
broken lines through ice streams B and E are shown in Fig. 3. In 
order to calculate maximum ice-sheet retreat rates resulting from 
_climatic warming we assume that most of the Ross: Ice Shelf : 
disintegrates’ very rapidly by calving of icebergs, to leave only the 
stippled area upstréam of the ice rises. - 


the two ice rises and shear at the sides of the ice shelf that forms 
within the channel to seaward of the grounding line (Fig. 2). By 
neglecting the restraining effects of the rest of the Ross Ice Shelf 


we allow the possibility that accelerated calving may-occur, and. 
by assuming instantaneous removal of.this portion of the ice. 


shelf we ensure that-calculated retreat rates represent reason- 
able upper limits. We admit that even higher retreat rates can be 
obtained if we assume instantaneous removal of the entire ice 
shelf. We have-calculàted these and we include them in our 
results, but we: stress that they represent railing values which 
could never be achieved. , - А 
Increased melting. will weaken thé- coupling between the-i -ice 
rises and the ice shelf, but ice rises will continue to.exist and to 
limit ice-stream flow rates until the ice shelf becomes too thin to 
run aground. By modelling the form of,the ice shelf* for given 
grounding-line positions, marginal constraints, ablation rates 
and values of the compressive force F between ice shelf and ice 
rise; we can find the minimum velocity V across the grounding 
line necessary for the ice shelf to remain grounded on a given 
shoal. Thus, there is a relationship between F and V[V =/(F)] 
which holds while the ice rise exists. In addition, equilibrium 
conditions at the grounding line give an independent relation- 
ship between F and V[V = g(F)] in terms of snow accumula- 
tion over the ice sheet and of grounding line retreat rate. If the 
` solution of these two equations gives positive values of F and V 
for-a given position of thé grounding line then the ice rise 
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77 coritinues tó-exist and the grounding-line retreat rate сап be 


calculated from V. As F0 the influence of the ice rise 
diminishes until it becomes yngrounded at F = 0. Thereafter we 
consider two possibilities: instantaneous calving of.the remain- 
ing ice shelf so that further retreat is unrestricted, or persistence 
of ice shelf within the ice-stream channel so that retreat’ is 
delayed by shear at the ice-shelf sides. Retreat of the grounding 


. line between ice sheet and ice shelf occurs because the thinning 


effects of creep and ablation are greater than thickening by snow 
accumulation and the advection of thicker ice from upstream‘. 
In order to calculate the rate of retreat we have used available 


. measurements of snowfall over West Antarctica’, ice-ahelf flow 


parameters from observations on existing ice shelves", and a 
value for. shear stress between the ice shelf and its sides (0. 5 bar) 
which is'consistent with- Observations, of floating: ice that is 
flowing rapidly between parallel sides”. The effects of advection 
are incorporated by adopting a relationship between ice-stream 
velocity V and the product of ice thickness.H and gurfacé slope 


а: Ve C(Ha)", where m=3, and. C(~550 m^? yr“) is cal- 


culated from the present-day values of V —550 m yr™ (ref. 10) 
and На — 1 m (ref. 3 and Fig, 3) from near the grounding line of 
ice stream B. ‚ This form of glacier sliding law has some support 
from theory" , but it is not expected to be generally valid. Here it 
is used solely to calculate values of а at high ice velocities, and 
we have chosen the highest probable values of m and C so that 
we obtain the lowest probable values of surface slope. This 
means that we probably underestimate the ice advection term 
and overestimate grounding-line retreat rates. This approxima- 
tion ig clearly a weakness in our model but it cannot be improved. 
until more is known about the dynamics of fast glaciers and ice 
streams. Meanwhile our approach is useful as it gives an estimate 
of the próbable minimum time for ice-sheet collapse. ` ` 

` Creep thinning ait the grounding line increases rapidly with ice 
thickness’? , and dectéases with increasing back pressuré due to 
ice rises and shear between the ice shelf and its sides". ‘Fhe 
longitudinal profiles! of ice streams B and E are shown in Fig. 3. 
Once the grounding line retreats down the bottom slope into the 
deep basin beneath ice stream B creep thinning is controlled by 
the large values of ice-thickness; and retreat is very rapid even 
for the model that allows increasing back pressure to be exerted 
by the ice shelf that is assumed to form seaward. Figure 3 shows 
grounding-line position during.retreat plotted against time for 
difference rates of melting beneath the ice shelf. In contrast ice. 
stream E bas a comparatively horizontal bed so that creep’ 
thinning decreases as the grounding line retreats to leave an ever ` 
larger ice shelf within the ice-stream channel. In these condi- 
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Fig. 2 A retreating ice stream. As the grounding line retreats ice 

shelf forms between the'ndges of slow moving ice that formed the 

margins of the ice stream. Movement of the ice shelf is restricted by 

. shear past its sides and by the presence of an ice rise where the ice 
shelf locally has run aground... +; 
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Fig. 3 The longitudinal profiles of ice streams B and E as they are today, and plots of grounding-line position versus tine for these ice streams 


durmg retreat. Retreat is most rapid if the ice shelf is completely removed, 


and least rapid for low values of ice-shelf melt rate, M. Once the 


grounding line reaches the deep basin beneath ice stream B retreat is extremely rapid. In contrast, ice stream E flows over a comparatively 
dl cQ a E ci nec Se a a a 
complete breakup ОН ice shelf as the ee rises collapsa 


tions the grounding line may achieve a quasi-equilibrium posi- 
tion once the ice shelf is so large that creep thinning is sufficiently 
reduced. However, the ice-shelf margins are themselves 
retreating and the ice-stream grounding line retreats at approx- 
imately the same rate (Fig. 3). Changing the melt rates affects 
only the time taken for the ice rises to collapse. This is because 
we have not altered the ablation rate at the grounding line, 
which we have assumed to be 1 туг”! in all cases. Unless the 
climate changes dramatically this is à probable maximum for the 


ice streams. Melting rates beneath ice shelves may be very · 


high!^'^ and our model allows values up to 10 m yr^ at the ice 
rise with a linear variation between grounding line and ice rise. 
Our results underestimate the influence of the ice rises because 
we have allowed unrestricted lateral creep once the floating ice 
leaves the ice-stream channels. In reality, neighbouring areas of 
ice shelf would restrict lateral creep so that vertical thinning 
would be reduced and the ice rises would survive longer than 


calculated. Thus, once again, our model overestimates probable’ 


retreat rates. 

Figure 3 includes plots of grounding-line position against time 
for retreat with icebergs calving at the grounding line so that 
there is no ice shelf to restrict outflow. In these conditions 
collapse of ice streams B and E could occur within 40 and 110 yr 
respectively, and the rapidly retreating ice stream B would 
probably capture portions of the catchment areas of neighbour- 
ing ice streams to render them more and more unstable. In this 
way, without the protection of the Ross Ice Shelf, most of the 
West Antarctic ice sheet could almost completely collapse 
within 100 yr. However, if we allow ice shelves to persist 
upstream of the ice rises, retreat is significantly slowed so that 
total collapse of ice stream B takes between 100 and-200 yr 
depending on whether ice shelf survives after the ice rises 
collapse. Equivalent values for ice stream E are 200 and 700 yr 
but, because of feedback effects, retreat would be accelerated to 


correspond more closely to that of ice stream B, so that most of 


-the West Antarctic.ice sheet could ccllapse within —200 yr. 


However, our assumptions throughout have been biassed to give 
maximum retreat rates and we stress thet we have neglected the 
buttressing effect of most of the present-day Ross Ice Shelf. 
Currently, the grounding line of ice stream B seems to be 
advancing into the ice shelf?, and in the recent past there may 
have been widespread grouhding and subsequent thickening in 
the lower reaches of ice stream C (ref. 1). Thus, our estimated 
collapse rates would apply only after removal of large areas of 
ice shelf following a major increase in melt rates, probably from 
the ice/water interface. The shift in oceanographic parameters 
necessary to effect such an increase would be a rather slow 
response to climatic change!S, and ocr calculations take no 
account of how long this would take. We expect the response 
time of the oceans to be of the order of hundreds of years", so 
that initial retreat would be far slowe- than our calculations 
suggest. Later, as the ocean feels the effect of changing climate 
and as more of the ice shelf disintegrates, our model would 
become progressively more applicable. In effect this means that, 
after the climate starts to change, the firs: 100-200 km of retreat 
would take some hundreds of years and then the retreat would 
follow the pattern shown in Fig. 3. The entire sequehce would 
probably take at least 400 yr, even for a najor warming trend of 
5 °С per century, and most of the collapee and its associated rise 
in sea level would occur during the final hundred years. An 
example of such a retreat sequence was the disappearance of the 
marine-based portion of the Laurentide Ice Sheet from Hudson 
Bay. The final collapse took ~200 yr/*, but this was probably the 
culmination of a retreat sequence that һай started considerably 
earlier. 

Itis important to consider how relevaat these conclusions are 
to the behaviour of other large ice ztreams in Antarctica. 


. Available data suggest that the grounding line between West 
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Antarctica and Ronne Ice Shelf is well protected by large ice 
rises (Fig. 1) so that probable retreat rates are covered by our 
analysis. However, the major drainage from the north coast of 
the West Antarctic ice sheet is through the Thwaites and Pine 
Island glaciers (Fig. 1), and these terminate in small ice shelves 


which may or may not be buttressed by ice rises. The stability of - 


these ice streams is dependent on suitably high rock sills near the 
ice-atream grounding lines. The critical depth (d) below sea level 
of these sills depends to a large extent on ice-shelf dimensions 
and on the presence or absence of ice rises, but if the fringing ice 
shelves are unrestricted then d may be as low as 400 m for each 
of these glaciers. Pine Island Glacier may flow into a bounded ice 
shelf about 50 km square and even this comparatively small ice 
shelf would exert sufficient back pressure on ice flowing across 
the grounding line to increase d from 400 m to more than 500 m. 
An increase in ablation rates would be particularly damaging in 
this area since there is little or no ice-shelf fringe to regulate 
drainage rates. Little is known .about bedrock topography 
beneath these glaciers but available data suggest.that they flow 
through deep troughs. similar to that of ice stream B. If 
sufficiently high sills do not exist to provide stable grounding- 


. line positions for these glaciers then the northern part of the 


West Antarctic ice sheet could already be collapsing. Our 
calculations suggest that, if the seabed at the grounding line of 
„either glacier is 200 m deeper than the equilibrium value, then 
the grounding line is retreating at 1.5 km yr“ ! with associated ice 
velocities of 10 km yr !. This would be sufficient to raise sea 
level by approximately 1 mm yr^'. Preliminary -estimates of 
Thwaites Glacier velocities greater than 2 kp уг! have been 
made by R. Alan of the U.S. Geological Survey from a 
comparison of satellite imagery with áerial photographs. This is 
approximately the velocity appropriate to equilibrium with a sill 


at the critical depth d. If this is the case then Thwaites Glacier ` ` 


mee be particularly susceptible to any. increase in ablation 


W/o Sica dara US CO. poesia РНР 


climatic warming that is magnified in polar regions, we do not 
expect a maior increase in ice-shelf ablation rates until ocean 
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· warming is sufficient to increase melt rates beneath the ice. Even 


with a major climatic change and high ablation rates collapse of 


' the West Antarctic ice sheet through ice streams that drain into 
' the Ross and Ronne ice shelves would be restricted initially 


because the ice shelves would continue to regulate drainage 
rates, and total retreat would probably take more than 400 yr 
with most òf the associated rise in sea level occurring during the 
final century. However, much of the ice-sheet drainage is to the 
north through glaciers that may be unprotected by ice shelves. 
Unless these glaciers flow over sufficiently high bedrock sills 
they may be in a very precarious state of equilibrium or they may’ 


. already be collapsing, and significant warming cóuld rapidly 


accelerate their collapse. In order to improve our assessment of 
the stability of these glaciers a detailed survey of their basal 
topography and velocity measurements on their floating tongues 
are urgently needed. 
"This work waa supported by Ge NSE Brit Amtssete Survey 
and the Scott Polar Research Institute. Duríng part of the work 
R.H.T. was a visiting scholar at the SPRI. | i . 
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Observations from the IDA. network | 


of attenuation and 


splitting during a recent earthquake 


R.'Buland*, J. Berger & F. Gilbert 


Institute of Geophysics and Planetary Physics, Scipps Institution of Oceanography, University of Calfornia, San Diego, | 


La Jolla, California ' 92093 





The project ‘for’ the International Deployment of 
Accelerometers (IDA) is: intended to provide very low 
frequency seismic data for the study of Earth structure and 
source mechanisms. .This article outlines preliminary 
results on attenuation ‘and splitting derived from IDA 
recordings of a recent large earthquake: . 


ON 19 ‘August 1977 а very large earthquake occurred about 
200 km south west of the island of Sumbawa, Indonesia. The 
USNEIS hypocentral coordinates are 11. 13° $, 118.40^ E and 
20 km depth. The origin time was 06:08:52.6 GMT. A body- 
wave magnitude of 7.75 has bden assigned by the U.S.G.S. 





* Present uddress U.S. Geological Survey, Bax 25046, MS 967, Denver 
Federal Center, Denver, Colorado 80225. 


Q028-0$36/19/0277—0358$01.00 


Stewart’. has estimated the moment to be 107? dyncm 
(1022 Nm). As this seems to have been the most energetic 
earthquake since the 1965 Rat Island event it is ideal for the 
study of very long period free oscillations. The data we have 
used for this purpose are from the project for the International 
Deployment of Accelerometers (IDA. The six stations of the 
IDA network that produced good records for this event were 
located at Fairbanks, Alaska (СМО); Ñaña, Peru (NNA); 
Sutherland, Republic of South Africa (SUR); Halifax, Nova 
Scotia, Canada (HAL); Brasflia, Brazil (BDF); and Rarotonga, 
Cook Islands (RAR). For. the analysis presented here record 
lengths up to 526 h were used. Part of a typical record (RAR) is 
shown in Fig. f. The first 4h of the recording have been 
discarded since the large signals saturated the system. Before 
computing the spectrum, the larger. bodily tides have been 
removed by a least squares fitting procedure and aftershocks 
have been excised and replaced.by linear interpolation. 
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Fig.1 А 48-h record from IDA station RAR, typical of the data from the Sumbawa event. Note that the instrument was saturated during the 
first 4 h of the event (through R3). Also Raleigh packets are clearly visible out to R8. 


Figure 2 shows the Fourier power spectrum of 155 h of the 
BDF record beginning 25 h after the event. Clearly present in 
the spectrum are the fundamental spheroidal multiplets „$›— 
oS21, several overtones, and the radial modes $, and ,S». The 
low order multiplets 8-08: are obviously split. The quality of 
the data encouraged us to examine them in more detail and we 
present here preliminary measurements of frequency splitting, 
attenuation, and degenerate multiplet frequencies. 


Splitting 

A multiplet ,S, has 2/+1 singlet lines. Spherical symmetry 
causes these lines to have the same degenerate frequency. 
Deviations from spherical symmetry such as rotation, ellipticity, 
and lateral variations remove the degeneracy, wholly or parti- 
ally, and cause the multiplet to be split? as may be clearly seen in 
Fig. 2 for the modes (Sz, oS3, and oS4. To investigate this splitting, 
we can interpolate the discrete Fourier transform (DFT) to a 
frequency spacing finer than 


Af-2m/T 


where Т is the length of the time series, by numerically evaluat- 
ing the trigonometric series approximation to the Fourier 
integral. A more complete discussion is given elsewhere’. 

Figure 3 shows spectra for oS, from six individual records. If 
we count the individual peaks in Fig. 3 we find more than the 
seven we know must be there. A simple calculation shows that 
the width (half width at half power) of each singlet is about 
9x10^5rads"' (due both to attenuation and finite record 
length). Theoretically, the average line spacing for this multiplet 
should be 1.36 x 10? rad s"! (ref. 5). Clearly, the problem is 
interference between the strong and weak singlets. 

There are three ways we know of to resolve the singlets. The 
first is to increase the record length. Doubling the time series 
length would narrow the lines to 5.5 x 107? rad s^', but the low 
amplitude singlets would be overwhelmed by noise. The second 
method is analytical continuation*. This would narrow the lines 
to 5x 107* rads^!, but would also decrease the signal-to-noise 
ratio (S/N) unacceptably. The third method is stacking, which 
enhances the S/N and tends to cancel adjacent singlets. Thus, 
the only practicable method requires the use of the stations as an 
array. 

At frequencies below 1 mHz we expect that the dominant 
perturbation from spherical symmetry will be the Coriolis force. 
Thus, to zeroth order in perturbation theory, the radial (vertical) 
component of motion of a singlet is proportional to Y 7" (Ө, 4), 
the complex spherical harmonic, in geographical (north polar) 
coordinates. Each singlet, except т = 0, is a travelling wave’. 


Let U (w, 0, V) be the spectrum of the vertical component at the 
j^ station. For an isolated multiplet „S; 


Li 
Ulo, 9 0) = Y „АгҮ (8, у) CT Go) 

m=i 
where „А г" is the excitation coefficient and „С is the singlet 
spectrum. Since the spherical harmonics are orthogonal we form 
the stacked spectrum 


„97(0) = У VT, 0) 0 (о, 8, 0). 
i 
where the overscore means complex conjugation. For an iso- 
lated multiplet we obtain 


i 
E „АҮ (6, UCT (o) 


mii 


Siw) 7 Y, YT (6, 9) 
j 
Dropping the n, / indices we have 


S,-7 X Anl E Y"(6, bY, о |С) 
m'z-l i 
For a large number of uniformly spaced stations the term in 
brackets approaches a surface integral which equals the 
Kronecker mm and Sm = A, C, (о). Even for a small number of 
stations one singlet is added always in phase while the others are 
not and therefore tend to cancel. 

Operationally, we must render our six seismograms directly 
comparable. Therefore, we have removed the instrument phase 
and normalised the instrument amplitude to a standard 
response*. Finally, we have selected a common time window 
leaving us with six 155-h records beginning 25 h after the event. 
Gilbert and Dziewonski? show how to avoid discarding data as 
we have done, but their method involves assumptions about 
attenuation which we are unwilling to make. 

We have applied the spherical harmonic stacking procedure 
to the multiplet oS; and representative results are shown in Fig. 4 
for т = —3, 0, 3. The spherical harmonic stacking procedure has 
worked well. Using the moment ratio method* we have 
measured all 2/+ 1 (that is, seven) singlet frequencies œm. This is 
the first time that a split multiplet has been completely resolved. 

Let wa be the degenerate eigenfrequency in the absence of 
rotation and ellipticity of figure. (We ignore other pertur- 
bations.) The relation between w,, and wa is 

Om = wal +a+mb+m’c) 
The perturbation parameter 5 arises from the first order effect of 
Coriolis force. The perturbation parameter c arises from ellip- 
ticity (ce), the non-radial part of the rotation potential (c,), and 


360 
the second order effect of Coriolis force (c2) 
=le tin + C2 
The perturbation parameter a has, in addition, 
a =d, +а, +а+а, 
a term a, from the radial part of the rotation potential. We have 


Il 1) 
a, 3 





с,=0 fors=e anda 


Thus @ the mean of the (2/+ 1)o,, is 
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= wall +arta, + C2 


=wa(l +p) 


From our observations of w,, we can obtain ©, but to obtain wa 
we must have p, a functional of the Earth’s structure, given the 
rate of rotation. Tables of a,, b, and c, have been prepared’. The 
value of p changes very little from one acceptable Earth model 
to another. We are probably justified, at this state of our 
knowledge, in using the tables to infer w4 from æ. For oS, we 
have computed w4 and о" from @ and tabulated values of 
a,, b, and c,. The comparison is shown in Table 1. 

The differences between а 2°" and шю?” have been used to 
compute a (relative) standard error of the mean (s.e.m.) of æ of 
1.7 x 107*. The perturbation parameter p seems to vary by less 
than 2096 among the acceptable Earth models leading to a 


e m + Ф кю 
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relative change in w4 of less than 8.6 x 107°. Thus the relative 
error in @ can safely be assigned to w4 as well. 

We have also applied the spherical harmonic stacking pro- 
cedure to the 09$, multiplet. Cancellation is not as good as for 09; 
but the frequency spacing between singlets is greater. Again we 
have completely resolved the multiplet, revealing two of the five 
singlets which were not visible in the original data. We have 
computed à, wa, and о 2" (as for $3) and displayed them along 
with w° in Table 2. The relative error in à is 5.0x 102, А 
20% change in p leads to a relative change in wg of 2.1x 10°. 
Thus, it is reasonable to assign.a relative error of 5.0 x 107° to wa. 

The agreement between observed and computed singlet 
frequencies in Tables 1 and 2 is good evidence that the theoreti- 
cal splitting formula? is correct and that model values of a, b and 
c are correctly computed and are close to the truth. From the 
data in Tables 1 and 2 we can determine a best fitting quadratic 
inm 

Wm = Wot mf * m^g 
by the method of least squares, where 


w@o=ag(l+a), = оа; 8 = wae 
The results for 09; are 
w = 2.94523 x107* st 
#= 1.378 х 107° s^ x0.7896 
g-7-427x107 571+ 1396 
{obs} 


where the errors are computed assuming that each wm is 
equally accurate. For comparison, model values are 


om) 1360x107 s" 
g^"--347x107 s^ 


—— 158,254 25, 
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Fig.2 А log power spectrum of 155 h of record from station BDF beginning 25 h after the event. Note particularly the good excitation of 080, 
and many overtones as well as the complexity (due to splitting) of the lowest order fundamental modes: 9S2, 9S5, and 094. 
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Fig.3 Interpolated linear power spectra (arbitrary units) of the 
fundamental mode oS, for each of the six stations used. In cach 
case, 155 h of record beginning 25 h after the event were used. 


The difference between computed and observed values of f is 
1.7o or 1.3%. For g the difference із 1.80 or 23%. 
The results for 9S; are 


= 1.94445 10° я”! 
f-29015x10? 720.469 
g=—3.407x1077 51+31% 

The computed? values of f and g are 
| fa =2.8973x10 s! 
© gg) = 5192x1077 #71 


The difference between computed and observed values is 0.30 
or 0.14% for f and 1.70 or 52% for g. 

The computed and observed values of f and g are not 
significantly different at the 20 level. However, at the 1o level, 
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only f for 9S; shows no significant difference. If further research 
supports the existence of significant differences between ob- 
served and computed values of splitting parameters, then the 
observed values represent new constraints on models of the 
structure of the Earth. For example, the Fréchet derivative of f 
with respect to structure is a functional only of the density 
distribution. Presumably, if one could observe numerous 
Coriolis splitting parameters, f, one could obtain improved 
constraints on the density distribution within the Earth. 


Table 1 The singlets of oS; 


m a& x 10° i e 9 x 10? з! 
-3 2.90076 2.90114 
-2 2.91590 2.91628 
-1 2.92903 2.93085 
0 2.94575 2.94474 
1 2.95881 2.95806 
2 2.97301 2.97075 
3 2.98137 2. 98275 


9 -2.94352x10? з! 


рт 4.3х107° 
wa ~ 2.94339x10 s! 


sem =5.0x107 s! 


Attenuation 


There are surprisingly few really precise data concerning the 
anelasticity (or Q) of the Earth. While we plan to measure the Q 
values of all visible modes in our Indonesian data set, for this 
preliminary report we have decided to concentrate on two 
unusually interesting modes: oSo and |$. 

The radial „So modes store strain energy primarily in 
compression, rather than shear’, and have large Q values. The 
modes oS, and S, in particular have less shear energy than the 
other radial modes and the measurement of their extremely high 
Q values has proved to be elusive. Our data set affords us the 
unique opportunity not only to measure these Q values, but to 
explore the reproducibility of the results. Our procedure, there- 
fore, will be to examine the six records separately for consis- 
tency, and derive our final Q value from the spherical harmonic 
stack. We measure a, where ag = 00/20. 

Because of the high Q values of these modes the width of the 
peak due to record length is large compared with the width due 
to attenuation for the record length we have. In order to use a Q 
estimator based on measuring width it is necessary to make the 
width due to attenuation comparable with the width due to 
record length (they are equal at 0.885 Q cycles). Conservatively 
we usually use 1.5Q cycles or over 2,000 h in the case of (So. 
Even at that we would have lost only 3 db over the maximum 
attainable S/N (at about 560 h according to Buland and Gil- 
bert^). This means that such a measurement would be possible, 
but we would need to edit another 1,500 h of data on each 
station. For the data set at hand our experiments have shown 
that a simple time lapse method works as well as anything. We 
measure the integrated power between half power points in 
windows lagged so as to have no overlap. 

This is a delicate task. To enhance our statistics we need as 
many windows as possible. But if each window is too short the 
signal will be overcome by noise. Further, the total time series 
length T must be long enough so that the mode has decayed 
somewhat to gain significance. But, if T is too large the latter 


windows again үн have an unacceptable S/N. 


Table 2 Tbe singlets of oS; \ 
т wo x10) s! mx 10% рт 
-—2.| : 1.88502 1.88489 
-1 1.91511 1.91518 
07 1.94458 | pent 
1 1.97292 | 97317 ` í 
2 2.00119 


2.00082 
p--1.04x107* 
зол. -9.8x10 * 7 


@ =1.94376x107 s~! 
w = 1.94396х10 7° в? 
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Fig.4 Interpolated linear power spectra (arbitrary units) of stacks 
for a, 053° sb, 053; 6o83”. All deven 085 singlets were resolved. 


As a result of these trade offs, we have chosen for 1% 105-8 
windows in a 150-h series and for „$ 2X 107-s windows іп as 
long a series as we can get. Therefore, for So we may work with 
the six 155-h records described above. But for 9S; we will have 
to do something more elaborate for a stack, as not all the 
available records are of sufficient length and some of the records 
have large data gaps. Because of these’ gaps a straightforward 
deconvolution of the series to remove the instrument response 
would distort good data points adjacent to the gaps. The pro- 
cedure adopted to avoid this was to .gorrect for instrument 


response at only one frequency by multiplication of the time. 


series by a complex number that is the reciprocal of the instru- 
ment response at the desired frequency. Then time series were 
averaged point by point with data gaps. nof included in the 
average, to form a 575-h stack with few data gaps. 

For ‚So we used five windows. „The Q results for individual 
records scatter approximately 50% about their mean with rela- 
tive errors of the least squares fit ranging between 13 and 63%. 
Our final value is Q^ = 2,360 + 15%, obtained from a 150-h 
stack. Our final error estimate is the maximum likelihood value 
derived from the single station- -measurements. On the basis of 
the individual record Q values, the final error bound seems to be 
rather small (it is based on only six data), but not totally 
unreasonable. 

For (So, the five individual records are of various lengths 

yielding up to fifteen 105-s windows (avoiding gaps). Individual 
record Q values scatter as much as 80% about their mean with 
relative errors of the least squares fit ranging between 13 and 
105%. For the final (stack) result we.used six 2 x 10°-s windows 
(to boost S/N). The result is: О = 4,100+26%.' 
. Dahlen” has extended the work of Munk and Hasselmann'' 
on the expected quality of spectral parameters measured in the 
presence of noise. He considered the linear, least-squares esti- 
mation of the (complex) frequency of a decaying sinusoid and 
obtained crpréssiong for the variance · 


| R(Qa0T). 
х о = (a6) = T*(S/N) 
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The function R(x) is well approximated by R(x) =2(x?+9)7. 7 
S/N is the ratio of peak signal to average noise in the power 
and T is record length. 
Let оъ, (бе) = (8a3). Our result for So gives 
ср= 5.0х1077 s^; оъ/ао= 23% 
for S/N = 20 db in the radial stack. The assigned relative error 
of 15% seems reasonable. In the case of 5, we have 
05-5.4Xx10 5; ор/ао= 9% 


for S/N = 28 db in the radial stack. Again, the assigned relative 
error of 2696 seems reasonable. 


Frequencies 


The observations of all singlets in the multiplets 05, and 9S, 
allowed usto infer the gross Earth data, wa for these modes with 
greatly improved precision: 


æ (9S2) = 1.94396 x 107 €9.8x107*. s^ 
03 (oS3)¢ = 2.94339 107° x5.0x107 ж 


From the six individual (155-h) records we have measured 
frequencies for the radial modes „5 and 150 with the following 
results and standard errors of the mean: У 


co (oSq) = 5.11850x 1072 1.5x 107- s^! 
w (Sg = 1.02532 x 10° +1.0x10® s^! 


As 1-0 there is only one singlet for each of these modes. 
However, a computed correction must be made to find о, as 
above. The results are: 


(58): = 5.11679 x107 21.5x107 s^! 
(180), = 1.02498X107741.0x10% s^! 


The standard errors assigned to the radial modes are in 
agreement with the criterion of Dahlen. So are those of 9S, and 
oS, provided we take into account the number of singlets in each 
multiplet and accept theoretical values for оо. It would be more 
satisfactory to use observed values of ao and we intend to obtain 
them. 


Discussion ; | 
The IDA network has given us the capability to refine our 
studies of splitting and attenuation, and to improve significantly 


-the resolvability of spectral parameters in the low frequency 


seismic band. At the time of the Indonesian earthquake there 
were nine IDA stations, six of which provided the records used 
in this article. Now there are 14 stations with an additional three 
scheduled for installation within a year. With an enlarged 
network we should be able to resolve multiplets of higher order, 
and improve the accuracy of our measurements of wo and æo. 
Improved measurements will lead to greatly improved models of 
attenuation and laterally heterogeneous structure of the Earth. 

IDA data are available from the World Data Center, Boulder, 
Colorado. The research was supported by NSF grants NSF- 
EAR77-00897, NSF-EAR77-13630 and NSF-EAR78- 
02618. The digital seismographs at each IDA station are force- 
fedback La Coste and Romberg gravimeters. Funds for their 
acquisition were donated to the University of California by Cecil 
and Ida Green of Dallas, Texas. 
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letters | : 


Evidence ofa `` 
disrupted pulsar binary. system 


THIS letter demonstrates that the pulsárs PSR1952+29 and 
PSR1929 + 10 may have óriginàted in a binary system which was 


disrupted by a supernova explosion less than a million years ago., 


If further confirmed by improved observations, this result pro- 
vies im evolutionary link betes рине phenomena of 
X-ray binary systems and radio pulsars. t 

PSR1952+29 has a characteristic age of 3,600 Myr as 
measured by the usual ratio + = Р/р (where: P. is the pulsar 

period and P its time derivative). This is the largest known vdlue. 
PSR1929:- 10 has a characteristic age of 3. 1 Myr, a more typical 
value. The characteristic age of a pulsar is generally regarded as 
an overestimate of its true age, and independent. estimates’ 
based on kincniatic arguments suggest that рага have a true 
average age of 2 Myr. . 

Recent results? have, given the distance tö PSR1952+429 as 
240 pe, and its closeness to Earth has made it posaiblé to detect 
its proper motion (200 kms 1) in both magnitade and direction. 
Gullahorn and Rankin’ report 
measurements’ of .PSR1929--10 and six other pulsars. 
PSR1929+ 10, whose galactic dodrdinates are about 20° frorn 
PSR1952 +29, is estimated to be at a distance of 110 pc and to 
haye a proper motion of 85 km & ^. Both pulsars lie close to the 
‘galactic e (their, c coordinates are ly I! = 
47,45, b. ! = —3.9? and [| = 65.95, Б  Q. 8°), with PSR1952-+29 
actually having а small,velocity component into the plane. The 
velocity vectors of both pulsars point away from a region of the 
sky from which they can both conceivably have come within a 
pulsar lifetime. This leads one to suspect that they began their 
lives as pulsars in a common event. To test this hypothesis it is 


“possible in principle to determine the coordinates of the coin-" 
cidence from the coordinates and transverse velocities of ће 
pulsars, then to check that both pulsars were at this point at the 


same time. In practice, errors in the distancés and coordinate 


velocities of the pulsars will mean that the coincidence is never. 
exact. Here we adopt the procedure of choosing possible тра 


for the coincidence (the. best fit was given by / = 

325, b5 =3°) and computing the velocity which the pulsars 
would have at their present coordinates if they had started 
simultaneously from. this point. Writing ` the velocities: of 
PSR1929+ 10 &nd PSR1952--29 in galactic coordinates as 
(v4, Dm) and (сь, Dm) respectively, we obtain the fit. 

“Dh =80 kms (78) Dy, = —35 kms’ (—30) 

Dy = 167 km $! (198) Dy = —12 km 87! (—39) : 


The observed" values being given in parentheses. The computed 
values lie within the error bars of the observations. For. this 
calculation it is assumed that the pulsars have moved in straight 
lines in space, neglecting the gravitational force of the Galaxy 
(which is a second-order effect for such fast-moving objects). If 
the two pulsars were coincident at a distance rp at a time Т ago, 
then the above fit of their present projected motions on the 
celestial sphere is given by taking the ratio ro/ F as 300 km s^. 
' In the absence of measured radial velocities, ro and T cannot be 
determined independently from the transverse motions, If, 
-however, we impose the condition that the radial and transverse 
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this together with ‘similar . 


; velocity components are comparable, tten à possible choice of 


гараба Т = 600,000 уг, rom 180 рс, which yields 
ober 1 p, +152 Кт. 

P Most süpernova rennan have extimeted’ages «0:1 Myr (et. 
4). It js usually assumed that after this tine they merge with the 
surrounding interstellar medium’. The remnant of the super- 
nova taking place 0.6 Myr ago would now, if detectable at all, be 
a large diffuse area over 30 pc across". At a distance of 180 pc 
this would have a diameter of at least 12°. Radio maps! do not. 
reveal any such feature centred on the suggested coincidence. 
However, it is possible to discern a roughly circular feature with З 
a diameter about 7° centred at /1 = 33", 5" =12.5°. Although 
fresh data on proper motions could bring about a readjustment 
of the point of coincidence, an association with this feature must 
be regarded as highly tentative. 

Nevertheless, on the basis of the cal-ulations here it seems 
possible to suppose that pulsars РЅК1929 + 10 and PSR1952 + 
29 emerged from a binary system which was disrupted by an 
explosive event ~0.6-Myr ago. As it has the younger charac- 
teristic age, one may reasonably assum= that PSR1929+ 10 is 
the neutron star-which was formed in the explosion. Before this, 
PSR1952:+ 29 will have existed as a neutron star in orbit around 
a more massive companion which eventually gave birth to 
PSR1929--10. If confirmed by further measurements, this 
result provides evidence for van den Heuvel’s account" of the 
final phase of binary evolution and supports the suggestion? ‘2 


that pulsars originate in'close binary systems. 
Sod spite buic de detect ы ышкан ДЫ. 
we can imagine that the binary had two important 


effects on the neutron star which becarre PSR1952 +29. First, 
having itself been formed in a supernova explosion between 1 
and 10 Myr previously, its magnetic fle.d would have had time 
to decay from its original strength befcre it was released as a 
single pulsar. Making the conventional assumption that a 
pulsar’s magnetic field is-proportional.20 (PP)'”, we obtain a 
value of 3x10'°G for PSR1952+29. compared with 5.2x 
10?! G for.PSR1929 +10 and 3.8 x 10” G for the recently-born 
Crab pulsar. Second, if PSR1952+29 has passed through a 
spin-up phase (as ап X-ray pulsar), then ‘it will have accreted 
ana aT omen оаа paan Its present low braking 

rate (presumably the consequence of a low magnetic field) 
implies that its period (0.43 s) has not chenged significantly since 
the .break-up of the.binary system, but before this both 
considerable. spin-up..and spin-down will probably have 
occurred”, 


A histogram" of the characteristic ages of the 89 pulsars with 
measured P reveals that while 68 of them (including PSR1929+ 
10) belong to a convincing power-law d stribution tailing off at 
20 Myr, an additional 19 pulsars (including PSR1952+29) do 
not fit this pattern, having anomalous cheratteristic ages ranging 
from 22 to 3,600 Myr. The result here s-rongly implies that the 
‘anomalous’ pulsars have spent a significant part of their lives as 
neutron stars in binary systems. The existence of two popu- 
lations of pulsars arising in this way has been suggested by 
severalauthors/^ 7, Here we emphasis that the magnetic 
field will be the factor which distinguishes between them. 
Precisely this classification of pulsars vas made by Helfand 
and Tademara’°, 

As the experience of PSR1952 + 29 is rot likely to be unique, 
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Table 1 Examples of possibly ‘paired’ pulsars 





S d P 


т 
{рс) Pair (kpc) (s) (Myr) 
7 1700—18 0.2 0.80 ? 
1706—16 0.2 0.65 1.6 

18 0809+74 0.2 1.29 128 

0904+77 ? 1.59 ? 

52 1604 — 00 0.4 0.42 22 
1642—03 0.2 0.39 3.4 

91 2106 +44 0.8 0.42 66 
2021451 0.8 0.53 2 

100 2324 +60 0.8 0.23 10 
2223 +65 0.7 0.68 1.1 

140 1426—66 2.4 0.79 ? 

1449 —64 2.6 0.18 ? 

213 1717—29 1.6 0.62 12 

1730—22 1.6 0.87 ? 

250 0138+59 3.0 1.22 97 
0105+65 1.0 1.28 1.6 

300 2305+55 1.6 . 0.46 75 
2217+47 1.6 0.54 3.1 

450 1819—22 5.7 1.87 49 

1754 —24 6.3 0.23 ? 


S is the approximate transverse separation of the pairs; d, distance to 
each pulsar; P, period, and т the characteristic age (data from ref. 13). 


it will be of interest to investigate the origins of the remaining 18 
anomalous pulsars to see if they have previously unrecognised 
companion pulsars with whom they once formed binary systems. 
Some examples of possible ‘pairs’ are given below in order of 
increasing transverse separation. Since a pulsar with velocity 
200 km s^! travels 200 pc in 1 Myr it is extremely difficult to 
recognise pairs without accurate velocity vectors, and this list is 
little more than informed guesswork. The pairs have been 
chosen on the basis that both pulsars are at roughly the same 
distance from Earth and are 'reachable' from one another. 
Assuming the pulsars in each pair have once formed a binary 
system we have given them in expected order of formation as 
neutron stars. 

The pair PSR1700 — 18 and PSR1706 — 16 seems interesting 
because of their closeness to one another and, as elsewhere on 
the list, one would at least like to see the question-mark eradi- 
cated. Both РЅК0809 + 74 and PSR0904 + 77 are to be found in 
a high latitude ‘hole’ in the galactic HI distribution". The 
association of the ‘hole’ (presumably a supernova remnant) with 
PSRO0809 + 74 has been regarded as suspect on account of the 
latter’s large apparent age. It could be that PSRO904 + 77 is the 
missing younger companion. A further list of possible pairs, 
chosen on a similar basis, is given in ref. 9. 

Finally, one should consider the future of PSR1952 + 29 and 
PSR1929 + 10. The characteristic age of the latter shows that it 
is slowing down on a timescale roughly comparable with pulsar 
lifetimes and it will presumably switch off when larger values of 
P are reached. This argument is not, however, available for 
PSR1952 + 29. Its emission may fade through the decay of its 
already low magnetic field, but the lifetimes of this and the other 
anomalous pulsars need not bear any relation to the typical 
lifetimes of their former companions. 

I thank Dr Peter Biermann for helpful discussions. 


G. A. E. WRIGHT 
Astronomische Institute der Universität Bonn, 
Auf dem Hügel 71, D 5300 Bonn, FRG 
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Brightest members of clusters of galaxies 


THERE are two opposing interpretations of the small dispersion 
с; ~ 0.35 mag in the absolute magnitudes М, of the brightest 
members of rich clusters of galaxies measured by Sandage!. In 
one view, advanced, among others, by Peebles*”, it is assumed 
that there is a universal cluster luminosity function, and that the 
value of с, and of the variation of M, with cluster richness can be 
explained as the statistical result of drawing the brightest 
member from a set of clusters obeying this function. There is 
therefore nothing physically remarkable about the brightest 
member, and its luminosity is determined by the same 
mechanism as that which determines the luminosity of the 
fainter members. The opposing view, which has been advanced 
by Peach‘, Sandage’, and Tremaine and Richstone’, claims that 
the small dispersion is due to special conditions governing the 
formation or evolution of the brightest member, and is therefore 
entirely or in part independent of-the luminosity function of the 
other cluster members. On this view one evokes either special 
conditions at the epoch of galaxy formation!, or a mechanism, 
such as galactic accretion®, which governs the size and 
luminosity of the most massive galaxy in such a way as to give a 
small dispersion in the metric magnitude. The weakness of the 
statistical model, according to its opponents, is its inability to 
account for с, without postulating a luminosity function steeper 
than those directly observed. The opposing view is open to the 
criticism that it is either ad hoc or that the mechanisms of galaxy 
evolution are too uncertain to lead to reliable conclusions. Here, 
we discuss the two interpretations in the light of new results and 
suggest that the case against the statistical model may not be as 
strong as sometimes suggested. 

During a programme of photometry of clusters, we have 
measured the absolute isophotal magnitudes of the brightest 
members of the 12 rich clusters listed in Table 1. Details of the 
methods of observation and reduction are the same as those 
used in our previous work’; full lists of magnitudes will be 
published elsewhere, except for A1413, A1656 and А1930, 
which are already available. After the cluster name we give the 
redshift z, the cluster richness R, the radius r,s, defined as 
(a/r)? where a is the area contained within the standard 


Table 1 Isophotal magnitudes for the 3 brightest members of 12 rich clusters of 








galaxies 
Isophotal Absolute V magnitudes 
Richness radius for the 3 brightest 
Cluster Redshift class (Крс) cluster members 
z R 725 Mi Ma M3 

Virgo 0.0038 0 43 ~22.9 -22.4 -22.4 
A426 0.0181 2 41 -24.1 23:5 -23.3 
A1377 0.0516 1 32 -22.9 -22.8 —22.2 
А1413 0.1426 3 61 —24.6 2246 6 
A1553 0.1651 2 54 —24.1 —24.0 -23.7 
A1656 0.0228 2 47 -23.9 -23.5 —23.3 
A1930 0.1312 1 39 -23.4 ~22.6 -222 
A2065 0.0722 2 32 -22.8 =227 -22.5 
A2147 0.0351 1 42 -23.2 -22.9 -22.6 
A2151 0.0341 2 37 ~23.0 -22.9 -22.8 
A2199 0.0303 2 40 -23.9 22.7 -22.6 
A2670 0.0775 3 48 -23.9 -22.9 -22.9 





© Macmillan Journals Ltd 1979 


Nature Vol. 277 1 February 1979 


isophote for the brightest member, and absolute V magnitudes 
Mi, М, and M, for the first, second and third brightest cluster 
member measured to the 25 magarcs ^ isophote (H,— 
50 km s^! Mpc !; qo = +1). Table 2 gives the dispersions in Mi, 
М, and M, for the sample. 

The absolute magnitudes M; of Sandage, on which the entire 
controversy has until now been based, have been derived by 
fitting photoelectric magnitudes measured through a series of 
circular apertures to a standard growth curve of magnitude 
against radius from the galaxy centre'?. The small scatter of the 
Observed points about the growth curve is claimed as evidence 
that the light distributions of the galaxies in his sample are 
similar to radii of ~40 kpc. The light contained within a standard 
metric radius of 43 kpc at the galaxy is inferred from the curve 
and gives, after absorption and K-corrections, the final metric 
magnitude. The second and third brightest, M; and M3, were not 
measured directly in this way, but their magnitudes were cal- 
culated on the assumption that the ratio of their luminosities to 
that of the brightest is given by the ratio of the apparent sizes of 
their images to that of the brightest; M; and M, are thus 
isophotal magnitudes. The dispersions o1, o; and о; for Sandage 
and Hardy's" magnitudes for the 78 clusters in their sample and 
for the 12 clusters of Table 1 are shown in Table 2. It will be seen 
that the results for the present sample are not significantly 
different from those for the larger one. It will also be clear that 
o,=0.57+0.18 for the isophotal magnitudes is about one 
standard deviation larger than that for the metric magnitudes 
o,=0.38+0.12, whereas с, and оз are essentially the same. 
This difference cannot be attributed to measurement errors; we 
estimate our errors at about 0.2 mag which would imply а 
corrected dispersion o; = 0.53 mag. ` 

The reason for the greater spread in M; measured to a fixed 
isophote rather than to a fixed radius can be understood in the 
folowing way. The size of the brightest member to the 
25 V mag arcs ? isophote r4. ranges from 32 kpc in А1377 to 
61 kpc for the ‘cD galaxy in A1413, with a mean of 42 kpc, 
fortuitously close to Sandage's standard metric radius. This 
radius is correlated with the isophotal magnitude in the sense 
that brighter galaxies tend to be larger, and fainter galaxies 
smaller, than the mean. As metric magnitudes are measured to a 
constant radius close to our mean, bright galaxies will possess 
brighter isophotal magnitudes than metric, whereas faint galax- 
ies will possess fainter isophotal magnitudes, because of the 
difference in areas contributing to the integrated luminosity in 
the two methods of measurement. We find that for our sample 


М, = —(7.3 + 1.5) log г; + constant (1) 


Sandage’? finds a dispersion in isophotal diameters, d, for 27 
brightest members, after correction for measuring errors, 


o (log d) = 0.075 x 0.02 (2) 


close to the dispersion of our sample 0.080+0.025. Our 
empirical relationship (1) when combined with (2) leads to a 
dispersion in the isophotal magnitudes of Sandage's sample of 
0.54 mag which is close to our value. We have found that for 
reasonable functional forms of the radial luminosity distribution 
(1) is a likely consequence of correlations between the central 
surface brightness and the isophotal magnitude and between the 
scale-length of the distribution and magnitude, in the sense that 
brighter galaxies possess both higher central surface brightness 
and flatter luminosity profiles than fainter ones. There is some 
direct evidence for this in the work of Oemler™. 

Geller and Peebles? have calculated in detail the predictions 
of the statistical model using a luminosity function based on 
Abell’s observations of four rich clusters; this function also 
agrees well with one we have derived for the clusters of Table 1. 
Table 2 gives their values for o, с. and оз. Note that there is 
good agreement with our isophotal results but a disagreement 
with c; for the metric magnitudes. They further predict a linear 
dependence of М, on richness class R with a slope of ам, /dR = 
—0.2mag per class. Sandage! has shown that for his larger 
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Table 2 Dispermons in the absolute V magn tudes of the 3 bnghtest members 





Magnitudes с 72 ©з 
magnitudes 0574018 045x014 04520.14 
from this work (12) (12) (12) 
Мес M, and торым! АП clusters 0344004 051+0.06 0.553006 
М», and Му from (73) (74) (74) 
Sandage and Hardy’! — Cluster ot 0.38+0.12 0.4940.17 0484017 
Tabie 1 (12) (10) (10) 
Predichons of the 
statistica] model 
(Geller and Peebles?) 023 0.48 047 





Errors are standard deviations. The number cf galaxies in each sample is grven in 
parentheses. 


sample the actual variation must be ruch flatter. In our present 
sample of clusters, which is too small to give a good enough value 
for the slope to enable a direct comparison with the theory, 
dM,/dR = —0.21+0.25 for the metric magnitudes and 
dM,/dR =—0.47+0.31 for the isophotal. The latter is more 
than one standard deviation greater Fhan zero and, if confirmed 
with a larger sample, would be difficu t to explain other than ona 
statistical model. 

The discussion of the statistical model has been carried further 
by Tremaine and Richstone’, who heve derived two tests of the 
model which are more general than those of Geller and Peebles, 
in that they are independent both o? the assumed form of the 
luminosity function and of its uniformity from cluster to cluster. 
Assuming solely an asymptotic behaviour of cluster luminosity 
functions certainly true of all observed functions, they prove that 
the two parameters 


N o | N OA 
^h^7WVN-1() 94 ^7 \ уст (01677) А) 


must be 21 for any large ѕатріе of clusters. Here, A= 
М, – М;, сл is its dispersion, (A) its mean, апа N the number of 
clusters. Their application of the test using the Sandage and 
Hardy magnitudes gave values of t, near unity, but f, was 
significantly less than unity for every sub-set of the data 
examined. Their conclusion was thet no statistical model was 
likely to be valid. Using the isophotal magnitudes of Table 1, 
t(,— 1.0 and f= 1.2, a result consistent with the model. The 
change is mainly due to the increase of o. Although the present 
sample is small, the result again supports the view that the use of 
isophotal magnitudes may remove the discrepancy between 
observation and theory. 

If the isophotal magnitude is a physically more significant 
parameter than metric magnitude, being more closely related to 
the mass of the galaxy, and if a larger sample of clusters confirms 
our result that the consistent use of isophotal magnitudes 
removes much of the conflict between the statistical model and 
the observations, it does not necessarily imply that there is 
nothing unique about the properties of the brightest member, 
only that any integrated photometr-c differences it may have 
from other cluster members do no” exceed limits set by the 
model. It is possible that cD galaxies are structurally different 
from other giant ellipticals. There is also a suggestion that there 
is a steepening of the luminosity function in the denser parts of 
clusters with particularly bright br.ghtest members, such as 
the Coma cluster’, similar to that predicted for galactic 
accretion; this ıs borne out in some of the luminosity functions of 
other clusters of Table 1. However, accretion on the brightest 
galaxy cannot have proceeded to the point where the galaxy has 
lost al] those properties which are conzinuous with the properties 
of the fainter members. 

If one accepts these conclusions, i: is particularly difficult to 
maintain the view" that the smallness of o, is in some way due 
to special conditions not applicable to other members at the time 
of galaxy formation. 
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Nucleation and growth studies by 
small angle neutron 
scattering and results for a glass ceramic 


THE nucleation of phase separation in bulk solids remains one 
of the more elusive phenomena in both experimental and 
theoretical terms’. Experimentally, the difficulties centre on the 
problem of gaining detailed structural information about the 
small composition fluctuations from which the precipitate 
develops. Theoretically, progress has been made in calculating 
stable microstructures in simple materials such as the rare gases? 
and amorphous metals? as well as identifying transient clusters 
in liquids which are precursors to long range order and thus may 
act as nucleation embryos. However, it remains a formidable 
problem to relate such calculations to the microstructure of a 
multicomponent solid or liquid. The most readily observed 
physica! property of nuclei is their ability to facilitate growth of a 
new phase in appropriate conditions. Consequently, the study of 
the growth process immediately following nucleation is the most 
accessible though indirect method of inquiry into nucleation. It 
is, however, often difficult to follow the very early stages of 
growth either because it occurs too rapidly, or because the size 
or total mass of the precipitate falls outside of the conventional 
range of structural techniques. We report here the striking 
effects of nucleation as revealed by a neutron small angle 
scattering study (SANS) of a glass ceramic (2MgO, 2ALO;, 
5SiO; +10% TiO; nucleating agent) during the early stages of 
growth of the precipitate. As a result of the continuous viscosity- 
temperature relationship, the rate of phase separation in glasses 
can be put on a favourable time-scale to follow the kinetics of 
growth simply by working at the appropriate temperature. Also 
as will be evident below, neutron small angle scattering provides 
important advantages in following the growth of precipitates in 
bulk. Three particular advantages have been exploited. (1) The 
range in scattering vector Q(Q = (47 sin 0)/A) which it is possi- 
ble to study includes the region around Q = 0.005 А7! which 
generally falls between the scope of X-ray small angle scattering 
and light scattering measurements; (2) the low absorption of 
neutrons even at long wavelengths (~10 A) allows the easy 
investigation in transmission of a bulk glass which is heated 
directly in the neutron beam; and (3) the precipitating phase (an 
aluminium titanate solid solution) is rich in titanium atoms, and 
the negative scattering length of titanium ensures that there is 
good scattering contrast between the precipitate and the host 
silicate glass. All the experiments were carried out at the Institut 
Laue-Langevin on the D11 spectrometer’. 

The general form of the scattering curves obtained is shown in 
Fig. 1; these curves were obtained on a glass nucleated by a 
pretreatment at 720°C for 10h. SANS is negligable immedi- 
ately after nucleation and corresponds to the zero-time curve of 
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Fig. 1 Small angle neutron scattering curves from cordierite glass 
heated at 835 °C after nucleation pretreatment at 720 °C for 10h. 


Fig. 1. On heating in situ at 835 °C, SANS increases rapidly with 
the growth of the particles giving sufficient scattered intensity to 
allow the scattering curve to be followed every few minutes. 
We emphasise some features of these curves which are 
characteristic of the particle nucleation condition before the 
onset of growth. The dominating feature of the curves is the 
pronounced maximum (Ом = 0.007 А!) with the intensity 
falling towards zero at low Q. Even at the earliest times for 
which the precipite is very small, the maximum is apparent and 
the position remains stable during the growth period. The 
maximum is due to an interference effect between particles for 
which the spatial distribution is partly ordered. Similar effects 
are observed for the decomposition of alloys^. From the position 
of the maximum one obtains a rough estimate of the mean 
distance between the precipitates (/ ~ 27/ От) of 900 A cor- 
responding to a precipitate density of about 105 cm”. We 
follow the development of the precipitates using Guinier plots 
on the high Q side of the maximum. The form of the scattering 
curve is, however, distorted by the interference term, so that the 
values obtained in this way are only approximate. Within the 
limit of validity QR, « 1.2 the scattering function SQ is related 
to the radius of gyration R, according to SQ = exp (- Q?/ R^?) 
and R,=(?/5)1/2R,, where К, is radius of a spherical particle. 


Intergrated neutron counts ( x 10^?) 





20 60 100 140 
Time (min) 


Fig.2 Growth of integrated SANS intensity with time at 835 °С 
for different nucleation conditions. W, 720°C for 10 h; @, 720°C 
for 20 h; А, no nucleation treatment. 
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Fig.3 SANS from cordierite glass heated for 90 min at 835 °C for 
different nucleation conditions. Щ, 720 °С for 10 h; Ө, 720 °C for 
20 h; A, no nucleation treament. 


For the glass discussed above, R, increases from 40 A after 
2 min to 210 A after 180 min at 835 °C. There is an initial period 
of about 10 тіп (the induction period) where the SANS 
intensity increases very slowly, followed by a longer period 
(100 min) during which a rapid linear increase of intensity with 
time occurs before the rate slowly declines (Fig. 2). The intensity 
is a function of the volume of the precipitate and the contrast 
between the precipitate and the glassy matrix, which increases 
during growth as a result of the depletion of titanium ions from 
the glass. Indeed we observe that the intensity is proportional to 
the square of the volume of the precipitate which leads to the 
result that the scattering contrast is directly proportional to the 
degree of depletion of the glassy matrix. 

When the nucleation pretreatment time is varied, different 
scattering behaviour occurs (Fig. 3). Allowing. no nucleation 
time we observe an induction period of ~50 min (Fig. 2), when 
weak scattering occurs in the low Q region. Guinier plots here 
indicate the presence of particles of 600-800 A. A second linear 
region at higher Q in the Guinier plot corresponding to a mean 
particle size of about 200A develops with time until it 
dominates the plots after 100 min, but there is no indication of 
an interference maximum in the scattering curve. The average 
particle size achieved is of the order of 500 A, but the Guinier 
plots become nonlinear after long growth times, characteristic of 
a large distribution of particle sizes, or of irregular shaped 
particles. 

If the nucleation time is increased to 20 h at 720 °C there is no 
induction period, but we observe a linear growth of intensity 
with time during the first 30 min before the rate declines slightly 
(Fig. 2). A broad but easily observed interference maximum is 
detectable after 5 min of growth, now centred at Q = 0.018 A“, 
corresponding to an inter-particle spacing of 350 A or a particle 
density of ~2x10'cm™*. The particle sizes are now much 
smaller, being detectable at 20 A and growing to only 55 A after 
100 min. The crystallised glass in this case is transparent, 
whereas non-nucleated and nucleated at 720° for 10h are 

ively white opaque and blue translucent after the crystal- 
lisation at 835 °C. : 

The significance of the results is that they provide information 
about the state of nucleation immediately before the growth. 
For the pretreatment of 20 h at 720 °C the immediate growth in 
SANS shows the existence of a large population of stable nuclei 
larger than the critical radius R,. These are particles for which 
the Gibbs free energy will decrease with increasing size favour- 
ing immediate growth once the temperature is raised to give 
enough thermal energy for diffusion. The immediate presence of 
a maximum, however, indicates that the nuclei are present in an 
ordered manner, and gives a measure of the nucleation density. 
As the initial particle size is considerably smaller than the 
inter-particle distance, it is unrealistic to consider that the 
spacial order is due to development of extended excluded 
regions around the particles caused by depletion of growth 
material in the glassy matrix or by an Ostwald ripening 
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mechanism”. Such mechanisms would only generate an inter- 
ference peak in the advanced stages of growth of the precipitate, 
£0 it is necessary to adopt an alternative hypothesis in which the 
homogeneous quenched glass undergoes structural changes 
during nucleation which lead to an enhanced probability that 
subsequent nucleation proceeds in an ordered or partly ordered 
manner. 

The behaviour after a heat treatment time of 10 h is typical of 
many of the heat treatments we have performed, where an 
induction period is observed in the growth kinetics. It is resson- 
able (after Walton’) to consider that this period is composed of 
three parts 


те1+ „+1, 


where ¢, is the time to obtain a steady state in the cluster 
distribution, /, is the time required for nucleation, and t, is a part 
of the growth period where the particles are too small to be 
detected. Thus г, does not influence the form of the growth 
curve, but simply makes the early part unobservable and so can 
be neglected. If we equate t, with the time to develop concen- 
tration fluctuations, and f, with the time to grow nuclei to the 
critical size then we can explain our results so far. During 10h 
nucleation at 720?C we develop metastable fluctuations or 
Clusters in the glass, but fail to grow nuclei above R,. On heating 
to 835 °C the microstructure is such that nuclei develop rapidly 
in only 10 min. The nucleation density is, however, much lower 
than after 20 h at 720°C as many subcritical nuclei will redis- 
solve at the higher temperature. This is shown by comparison of 
the size of the particles formed, although in no case have the 
particles reached the limiting radius. For the glass with no 
pretreatment we expect a small nucleation density arising from 
the imperfect quench from high temperatures. The results 
indeed show rapid growth of a few nuclei which disappear out of 
the lower end of our Q window, followed by the formation and 
growth of new nuclei at the end of a long induction period. In this 
case the induction period will include the time to establish a glass 
microstructure at 835 ?C, followed by growth of the nuclei to the 
critical size. However, any nuclei present immediately begin to 
grow, generating a depleted region which limits the develop- 
ment of other nuclei. As we observe, the nucleation density is 
therefore amaller and disordered, and a wide particle size dis- 
tribution in the crystals is seen. 

These results show the scope of SANS in examining nuclea- 
tion and growth in glasses. The technique we used, which as far 
as nuclei are concerned is analogous to a photographic 
development process, demonstrates that there are important 
structural changes taking place at temperatures below the glass 
transition temperature (T, for this glass is 760°C). In the 
cordierite glass system the possibilities for further examination 
of the time-temperature zone of nucleation are obvious. SANS 
inour view is the most promising way to explore the effects of the 
numerous catalysts (such as TiO, 7гО„, and Р,О:) which are 
employed in glass ceramic systems. Although in the present 
experiment we have been aided by the scattering contrast 
provided by titanium, SANS methods should be generally appl- 
icable to the study of nucleation and precipitation in glasses and 
probably other inorganic systems. Full details of the present 
work will be described elsewhere. 

We thank Gernot Kostorz for assistance, also Pilkington 
Brothers Ltd, for the glass. 
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The structure of «’-copper 
phthalocyanine and its 
susceptibility to radiation damage 


CHANGES in electron diffraction patterns are a very sensitive 
monitor of the radiation damage experienced by a periodic 
specimen under observation in an electron microscope. In the 
study of a'-copper phthalocyanine reported here, we have 
recorded the diffraction pattern of the a*—c* plane as irradiation 
proceeds, and from its behaviour we have been able to confirm: 
the structure of the undamaged crystal and put realistic limits on 
the electron. dose allowable if molecular images of a given 
resolution are to be obtained. We can also confirm the sugges- 
tion of Isaacson et al.’ that the heavily damaged material forms a 
regular matrix, and that this matrix has approximately the same 
structure as that observed in previously published molecular 
images of this specimen? 

The electron diffraction pattern produced by a crystalline 
specimen comprises a regular array of spots, the intensity of each 
being proportional to the square of the amplitude of the electron 
wave function at that point in the diffraction plane. If, somehow, 
the correct phase can then be ascribed to each amplitude, the 
wave function is completely determined and its form in any 
other plane may be calculated. In particular, the Fourier trans- 
form of the diffraction plane wave function may be calculated, 
and within the validity of the kinematic approximation, this is 
proportional to the electrostatic potential of a unit cell averaged 
over all the lattice sites. In the case of a perfect crystal this is 
identical to the potential of any individual cell, but as irradiation 
proceeds the system becomes a mixture of damaged and 
undamaged molecules. In these circumstances, although the 
Fourier transform of the wave function at the diffraction spot 
positions is still proportional to the average potential, this 
quantity need not be identical to the potential of any individual 
cell. Nevertheless, the concept of the average unit cell of such'a 
mixture is a useful quantity. This is because the electron dose 
experienced by a radiation-sensitive specimen must be limited if 
there is to be a high probability that the molecules under 
Observation are undamaged. When recording a high resolution 
image in these conditions very few electrons contribute to each 
picture element and so the intensities recorded will be substan- 
tially affected by statistical fluctuations. Thus in most studies of 
molecular images there must be some sort of periodic averaging 
to recover structure from these noisy intensities, and so the 
behaviour of the average unit cell with increasing irradiation 
dose is a valid guide to the molecular detail we can hope to 
obtain. Furthermore, electron diffraction patterns are less 
affected by lens aberrations than are electron images, and 
directly useful diffraction patterns may be recorded with very 
much smaller irradiation doses. We have therefore used 
diffraction patterns rather than images to study these crystals 
from the virtually undamaged state to that where no appreciable 
long range order remains. 

Thin crystals of a'-copper phthalocyanine were produced by 
epitaxial deposition on a heated (300°C) KCI substrate and 
were subsequently covered by a thin evaporated coating of 
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carbon. The carbon film-crystallite combination was then 
floated off on water. Electron diffraction patterns were obtained 
in a JEOL JEM 100C electron microecope and recorded on 
Kodirex crystallographic X-ray film. Subsequent densitometry 
was carried out on a Joyce Loebl flat bed densitometer, the 
intensities of each spot in the pattern yielding a quantity pro- 
portional to the square of the amplitude of the corresponding 
Fourier component of potential. 

To determine the required diffraction plane wave function we 
must supply phases to each of these measured amplitudes. We 
proceeded by noting that the structure of platinum phthalocy- 
anine has been determined and that the resemblance between its 
X-ray powder photographs and a'-copper phthalocyanine have 
led to the suggestion that their structures are similar*. However, 
recently published molecular images of a'-copper phthalocy- 
anine have indicated that the molecules, whose shape is not in 
doubt (Fig. 1a), may be rotated with respect to those in platinum 
phthalocyanine^? 

To identify the correct orientation we examined these two 
possibilities to see which was consistent with our single crystal 
electron diffraction pattern data. Initially, we considered the 
structure isomorphous with platinum phthalocyanine and by 
assuming suitable theoretical potentials for each atom, cal- 
culated the theoretical diffraction plane wave function for this 
model. An experimental wave function was then constructed by 
combining the measured amplitudes with the calculated phases. 
If the phases are correct then the Fourier transform of this wave 
function should yield a structure very like that of the model. The 
resulting reconstruction (Fig. 15) is indeed very similar to the 
model, individual atoms being resolved in many instances. 
When the orientation of the model is rotated through angles as 
small as 1° and the new phases combined with the measured 
amplitudes, agreement between model and reconstruction is 
less, and for rotations >5° parts of the molecule becomes 
unrecognisable in the reconstruction. Thus we are confident that 
a'-copper phthalocyanine has the same structure as platinum 
phthalocyanine and that the molecule is orientated with respect 
to the lattice as shown in Fig. 15. - 

As irradiation proceeds individual molecules become 
damaged and deform. Although we do not expect them to do so 
in an identical way we would expect that because the molecules 
were i ie centrosymmetric, the average unit cell of a 
mixture of damaged and undamaged molecules will also be 
centrosymmetric. As such, the phases attributable to each 
diffraction spot will still be 0 or т. Furthermore, as irradiation 
proceeds we would not expect to see a discontinuous change in 
the phase from 0 to which would produce a change in tbe sign 
of the Fourier component of potential. Rather we would expect 
either а: gradual diminuation of the spot intensity to zero 
followed by a reappearance of'the spot corresponding to a phase 
change, a gradual variation to a new value without falling to zero 
implying no phase change, or a gradual diminuation to zero 
corresponding to loss of all long range order of that periodicity. 
In our study, although many intensities did vary appreciably, 
none passed through a zero before reappearing. Thus we believe 
that the original phases should be used in each of the Fourier 
reconstructions of the partíally damaged crystals. Using this 
procedure we have recovered the average electrostatic potential 
after various electron irradiation doses (Fig. 1c, 1d). 

As we can sec, the behaviour is quite consistent with an 
increasing number of molecules becoming seriously disrupted, 
losing long range order of high resolution detail, but retaining 
some order at low resolution. The structure observed in (Fig. 1d) 
is strikingly similar to previously published?” molecular i images 
and provides experimental confirmation that the technique is 
valid. In the diffraction pattern corresponding to this recon- 
struction, all but the first three orders of spots have completely 
faded and the remaining intensities are relatively stable. We 
conclude that this averaged unit cell corresponds to the radia- 
tion-resistant matrix of damaged molecules suggested by Isaac- 
son’, where although seriously disrupted, the material retains 
some periodic detail. 
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From the behaviour of these reconstructions we suggest that 
for high resolution detail to be preserved the irradiation dose 
should be <0.01 C em ? and that the presence of periodic detail 
in images of this and similar materials recorded with greater 
values correspond increasingly to damaged material. 
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Radiation pressure and 
‘aether drag’ in a dispersive medium 


ARNAUD’ has pointed out that there should be no transverse 
‘aether drag’ in an artificial dielectric consisting of parallel plane 
conducting elements, where the product of the phase and group 
velocities of electromagnetic waves should be equal to the 
square of the velocity of light in vacuo. This agreed with the 
formula derived by Player? and Rogérs’, who for some 
important examples of aether drag showed that the Fresnel drag 
coéfficient (1—1/n?), where n is the refractive index, should 
more precisely be replaced by (1 — 1/n,5,), where n, and n, are 
respectively the (phase, or normal) refractive index and the 
‘group’ refractive index. 

The same factor (1 —1/n4n,) seems to arise in the division of 
momentum into what may be described as 'electromagnetic' and 
‘mechanical’ components when a packet of radiation enters a 
dispersive medium‘. If the momentum of the packet in vacuo is 
p, the total nomentum associated with the packet in the medium 
is n, p, of which a portion p/n, corresponds to the ‘electromag- 
netic’ momentum and n,p(1—1/n,n,) to mechanical momen- 
tum bodily in the medium. Thus, for any medium in which 
n.n, = 1 as in a wave guide or artificial dielectric, the mechanical 
component of momentum is zero, and the total momentum 
should be entirely electromagnetic. 

The foregoing conclusion was derived by a thought-experi- 
ment involving a modified Einstein. light-box to which were 
applied the relationship E = mc? and the consideration that 
actions inside a closed system cannot change the position of its 
centre of mass. Ginzburg and Ugnrov/ have come to the same 
conclusion in a more detailed consideration of a particular case, 
where they conclude: “it is curious that for an isotropic (dis- 
persive) plasma with n?=1—(w3/w), the equation С^ (the 
electromagnetic momentum)- G^ (the total momentum) 
holds." For it is also true that for such a plasma мел, = 1. 

The Ginzburg and Ugarov conclusion applies to a medium 
where the electrons are free, and not when they are bound as in a 
dispersive non-conducting solid. In that case some of the wave 
energy is carried as potential energy of electron displacement, 
and there is a consequent sharing of momentum. With free 
charges there is no corresponding potential energy of mechani- 
cal displacement from fixed centres and so it is at least plausible 
that there is no mechanical momentum drawn from the wave 
momentum. A common factor in the artificial dielectric and the 
plasma is the presence of free(inside the conducting elements) 
rather than bound electrons. 

A corollary of the absence of mechanical momentum when 
пам, = 1 seems to be that any medium satisfying this condition 
will also exert no ‘aether drag’. A moving plasma in free space 
should therefore conform to this expectation, a conclusion also 
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reached by a more detailed argument for the particular case of a 
cold plasma by Ko and Chuangf. 

A moving plasma can exert an aether drag, in apparent 
contradiction to the foregoing conclusion, when the plasma 


' consists of moving carriers inzide a semiconductor moving 
: parallel to the direction of the light, as observed by Moss, Burrell 


and Hetherington’. I thank M. A. Player for resolving this 
contradiction—the solution lies in the fact that the plasma is now 
embedded in a medium of refractive index different from unity, 
with its faces in motion relative to the frame of reference in 
which the, plasma is stati . Such a situation, as pointed out 
by Hinstein® and Lan , gives a modified Doppler shift, 
and when this is allowed for, a result consistent with Move’s 
observation is obtained. 

An interesting variation of Moss’s experiment would be to 
look for an aether drag effect when the free carriers in a 
semiconductor are moving transversely to the direction of the 
radiation. 
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Plasma convection in force-free 
magnetic fields as a mechanism for 
chemical separation in cosmical plasmas 


DURING the past two decades, progress in space rescarch has 
forced us to abandon the earlier idea of a cosmical plasma as 
being a homogeneous medium. Filament formation and chem- 
ical separation are two important phenomena that are often 
Observed in cosmical plasmas and illustrate the importance of 
inhomogeneity. An average composition from the Sun’s 
atmosphere used to be taken as a standard when expressing 
coamic abundancies in general. Numerous observations, 
however, of the chemical composition in the solar wind from in 
situ measurements and from lunar soil and meteorite samples, 
indicate a great variability in these ratios’. The proton to a- 
particle flux ratio for solar flare energetic particle events varies 
widely between and within events’. Recent observations show 
that this variability is connected with the flare process itself and 
the earlier history of the flare, rather than propagation effects 
between the flare site and the observer. Some local chemical 
differentiation mechanism in the preflare history of the specific 
active region is probably responsible for the composition of the 
emitted, energetic particles. The phenomena of filamentation 
and chemical separation may be coupled, as in the presence of a 
temperature gradient, the plasma convection associated with 
filamentary structures provides an effective means of selective 
transport. The general principles of this mechanism are 
described here. These principles may be important not only in 
solar flares but in many other cosmical plasmas where force-free 
fields and'thermal gradients occur. 

Typical filamentary structures, such as prominences and solar 
flares, can often be pictured as helical twisted magnetic flux 
tubes* 5, where the magnetic field is approximately force free. 
The electric current flows almost in the direction of the magnetic 
field. 
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Fig, 1 ee casita ee 

force-free axisymmetric filamentary structure. tonised 

conposcetf he uma aro ошодой inwards with а velocity V 
across a temperature gradient VT. 


* Consider for simplicity an axisymmetric case with a force-free 
helical magnetic field B, and a homogeneous electric field E 
applied parallel to the axis of the filament, to drive the current 
(Fig. 1). We assume that we have a transparent filament where 
the temperature decreases towards the axis of the filament due 
to a preferential cooling by radiation of the densest regions. 

Under the inftuence of electric and magnetic fields the ionised 
component of the plasma will drift inward from the DI que 
towards the centre of the filament with a velocity V = Ex B/B 
directed radially inwards. Some steady state models of flamen- 
tary structures, where this inward drift of plasma is balanced by 
an outward diffusion of neutrals, have-been described else- 
where’. 

This ExB/B? convection is a very efficient process for 
collecting material to form the filament. This is true, even if the 
process is slowed by collisions, because as long as the particles 
are charged they are forced to drift inwards. 

If the plasma is partially ionised—as in part of the solar 
atmosphere and many other cosmical plasmas—a temperature 
gradient will cause the radial transport to be different for 
elements with different ionisation potentials. 

The most abundant elements of a соятіса! plasma can be 
divided into groups of roughly equal ionisation potentials as 
follows: element, (approximate ionisation potential): He, 
(24 eV); ELO;N, (13 eV);C,S, (11 eV); Fe,Si,Mg, (8 eV). ` 

Consider, for example, а case where the ambient 
plasma consists s hydrogen and helium in some initial 
proportion = {n H) +n(H*)}/{n(H,) + n (H2) +n H+ 
where n( ) did. the density of the element within the paren- 
theses. In the configuration considered the ionised components 
of the plasma will drift inwards and experience a temperature 
decreasing with radius. When the charged particles have drifted 
so far that the local temperature is well below the ionisation 
potential of helium, the rate of recombination of ionised helium 
is considerable. The neutral helium produced is unaffected by 
the electric and magnetic forces that drive the ionised particles 
inwards. On the other hand, the hydrogen is still almost fully 
ionised, and is therefore still under the influence of the inward 
' force. The protons will continue to drift inwards until they reach 
a radius where.the temperature is well below the ionisation 
potential of hydrogen. Thus helium and hydrogen will be pref- 
erentially deposited in different regions (which may partly over- 
lap). Compared with the composition of the initial ambient 
piama, the above process will result in an enrichment of 
hydrogen in the inner parts (p > po) and of helium in the outer 
parts (p < po). 

Although this discussion has considered a very simple 
configuration, the process works under very general circum- 
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stances. Any Ex B/B? convection in a multicomponent plasma 
will tend to separate elements of different ionisation potentials 
whenever spatial temperature gradients cause the different 
elements to leave (or join) the convection preferentially in 
different regions of space. Note also that the Ex B/B? con- 
vection can be a very rapid transport process compared with 
diffusion. (The latter will in general tend to counteract the 
separation. However, in thermally inhomogeneous, partly ion- 
ised plasmas, even diffusive processes can lead to non-homo- 
geneous chemical distributions**°.) 

In the case of the flare process, the separation mechanism 
discussed above might be of importance for the great variability 
in composition observed. Because an equilibrium composition 
requires some time to get established in this way, an individual 
flare or the first flare in a series of flares will show a different 
composition of particles than that of a successive flare, which 
shows a composition characteristic of the partially re- 
established equilibrium. However, bere the main purpose is to 
emphasise the existence of a separation mechanism intimately 
linked to force-free filamentary structure, and to describe the 
basic operative principles and potentially wide applicability. 

I thank Professor H. Alfvén for discussions, and Professor 
C.-G. Falthammar for reading the manuscript. 
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Persistence of rainfall 
anomalies in the central Pacific 


THE behaviour of the atmosphere and ocean in the equatorial 
Pacific region, involving the 'Southern Oscillation' and ' El Nino' 
phenomena, has been the subject of many studies! ^. Attention 
has been drawn to the notable persistence of anomalies for a 
year or more, the spatial correlation of sea surface temperature 
(SST), rainfall and pressure over large areas, and the strong 
correlation between atmospheric and oceanic features. Two 
types of mechanism may explain these phenomena and why they 
are so marked in that region: (1) thermal inertia, for example, 
some region of the ocean has a large capacity for heat storage, 
and the heat takes many months to build up or become depleted; 
(2) positive feedback, for example, if stronger winds in some 
region favour colder water, and colder water favours stronger 


Table 1 Stations used in rainfall index 


Station Lat Long Period of data 
Nauru 1s 167E 1941, 1945—71 
Ocean L 1° $ 170° Е 1941, 1947-71 
Canton І. 3°8 172 W 1942-67, 1972-78 
Fanning L LN 159° W 1941-78 
Christmas I. rN 157 W 1941-77 

Tarawa TN 173*E 1948—78 
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Table 2 For each month: a, standard deviation of rainfall index J; b, 


regression coefficient of J on I for the previous month 





Month a b 
Jan 45 0.88 
Feb 35 0.64 
Mar 28 0.59 
Apr 20 0.49 
May 27 1.04 
Jun 25 0.60 
Jul 28 0.83 
Aug 28 0.57 
Sep 38 1.00 
Oct 45 1.04 
Nov 51 0.98 
Dec 44 0.75 


Data for 1941-78. 


winds, then even if the thermal inertias of both features are such 
that their time constants are a month or less, anomalies can 
persist for many months. New evidence is given here to support 
a feedback explanation. 

Monthly rainfalls at the stations listed in Table 1 were 
obtained. A preliminary eigenvector analysis indicated that 
seasonal rainfalls at all these stations vary coherently. The 
monthly values were transformed by calculating cube-roots, to 
reduce the otherwise dominant influence of the wettest months 
on the analyses. Using the transformed data, each individual 
monthly value was then expressed as a percentage of the mean 
for that month over the datum period 1948-67. Finally, an 
index, J, was calculated for the period 1941-69 as the mean over 
stations 1-5, and for 1970-78 (when complete data for stations 1 
and 2 were not available) as the mean over stations 3-6. Thus Г is 
a series from which the annual variation has been removed, and 
in which no time smoothing has been performed. 
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March to June. The breakdown occurs at the season of lowest 
variability; the greatest persistence occurs in the months of 
highest variability. These facts indicate that anomalies that 
develop initially around May to August tend not only to persist, 
but even to amplify. The amplifying property is emphasised by 
the regression coefficients of each month’s index on the previous 
month (Table 25), which are greater than unity in some months. 
Thus the regional rainfall has the following remarkable 
property: given the September anomaly, the best estimate of the 
October anomaly is an anomaly of the same sign and more 
extreme. 

The pattern of negative lag correlation on the right side of Fig. 
2 indicates a slight tendency for the anomaly to reverse in sign 
from one September-December to the next, and also a tendency 
for the sign in January-March to be reversed in the June- 
December of the following year. 

In a typical year the rainfall anomaly in the region changes as 
follows. In April the anomaly is, in percentage terms, not very 
great. During May to August, either a dry or a wet regime tends 
to become established, with a steadily increasing tendency to 
persist. The regime during July and August is then likely to 
persist for many months, often until the following March. In 
particular, the regime in September is very likely to persist at 
least until January. If August is wet (dry), the next three months 
are not only likely to continue wet (dry), but also are as likely as 
not to be wetter (drier). From November to March the absolute 
value of the anomaly tends to decrease, and the regime shows an 
increasing tendency to break down. A new regime then tends to 
develop during April to August. The new regime is more likely 
than not to be the opposite of that prevailing in the previous 
year, and there is a hint that in some years, the new regime starts 
to show itself by January. 


Table 3 As Table 2, but for 40 ‘years’ of data generated by feedback 
model: a, standard deviation, 5, regression coefficient 








Part of the series J is shown in Fig. 1а. Its persistence is Month а b 
remarkable, especially by comparison with almost any other а) 31 0.42 
meteorological series. Lag correlations for 1-6 months are, (2) 28 010 
respectively, 0.79, 0.69, 0.56, 0.42, 0.31 and 0.20. (3) 24 0.16 

If the data are stratified by months, some interesting proper- (4) 21 0.31 
ties are evident. Table 2a shows that the variability of the index (5) 29 0.67 
is least in April and then increases fairly steadily to 2.5 times its (6) 26 0.41 
April value by November, Figure 2 shows that month-to-month (7) 34 0.70 
persistence is quite strong throughout the year, and very strong p^ ч» at 
during the period September-February. Also, there is notably ( | A 51 б 79 
strong persistence over several months from September to (11) 44 0.68 
February, and weaker but still substantial persistence from June (12) 36 0.61 
to the following March. Persistence is much weaker during 

" Years 
1960 1965 1970 1975 
300 
200 
100 
51 
Years 
b 
1 5 10 15 
P^ P A AN Adh r^ КОЛА Š AM 
VOV yv VAN ai U V " 


Fig. 1 a, Monthly values of rainfall index /, 1960-78. b, Monthly values of synthetic variable A for 19 ‘years’. 
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Feb va 
Mar 7e 
Apr T8 
May 66 
Jun 72 
' Jul 6? 
Aug T4 


Nov 8 а 


These relationships have obvious direct value for statistical 
prediction. It will be particularly valuable to monitor the 
development of the anomaly during May to September., 

These properties of the rainfall series strongly indicate that 
some positive feedback mechanism, with the strength of the 
feedback varying through the year, is operating. To support this 
statement, I will examine the behaviour of a synthetic variable A 
involved in a feedback relationship with a second variable B, 
with external forcing F acting on A, according to the model: 


-ka(B-A) and =—k,(A-gB-F) 

When F is constant, this system tends to equilibrium if q is <1, 
and diverges if q is > 1. When F comprises a random series, the 
solutions exhibit fluctuations that are stable if q is <1, and 
divergent if q is >1, a property noted by Hasselman’. Here we 
consider the system 


AB =—0.02(B — A) At 
AA = —0.08(А -qB —F) At 


in which the unit of time is taken to be 1/50 month, so the time 
constant of A(1/0.08) is a week, of B a month. F is the Markov 
series 


Fa = 0.8F, i +E, 


where [Еу] is a series of random numbers, so F has a spectrum 
similar to that of weather fluctuations. In this model A always 
influences B, while the influence of B on A(q) is given the values 
0.4 in months 1-3, 0.8 (4-6), 1.3 (7-9) and 0.8 (10-12). 

А sample of A is shown in Fig. 15, and its statistical behaviour 
over 40 ‘yrs’ is summarised in Table 3 and Fig. 3. The instability 
characteristic of months 7-9, when q is >1, takes the form of 
strong persistence, increasing variability, and regression 
coefficients near or exceeding 1.0. This behaviour is similar to 


0 1 a = + 5 6 T 8 * 190 11 12 
1 з з ө - MB 18 15 $ 9-10 -1e 9 
2 a -B 11) —9 4 Ge -u -« -5 
3 x 231 2% SBT aint 19 23 
4 48 25 
5 aN 
6 He 
7 тз et 
8 Ps 
9 вт 
10 ла 
11 тб 
12 % 4 
4 
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-12 -29 -18 -11 

-28 -26 -35 -32 

-28 -21 -29 -81 

-38 -48 -4 -39  Fig2 Lagcorrelations of I in each 

-28 -35 -31 -gẹ month with I in tbe subsequent 
months. For example, January with 

-37 -a7 -1! -9 February is 0.82; January with 

-21 -13 -19 March 0.73; April with the following 

te oe April —0.08. Data for 1941-78. 


that of the rainfall series J around October. Moreover, the 
general characters of the series J and A are similar. Closer 
similarity could be obtained by making appropriate changes to 
the constants in the model, but this has not been pursued. This 
comparison is sufficient to indicate that the behaviour of I can be 
explained as the result of a positive feedback relationship 
between two features with time constants of a month or less, in 
which the feedback is least around. April and greatest around 
October. 

For physical justifications, it must be shown that there are 
features whose mutual influences do have those properties. At 
present only a qualitative explanation can be offered. Rainfall in 
the equatorial central Pacific is least when the surface easterly 
winds there, that is, the Walker circulation, is strongest’. There- 
fore I probably represents an index of the Walker circulation. A 
stronger Walker circulation favours more upwelling of cold 
water along the Equator due to Ekman divergence, and also 
stronger advection of colder water from the south-east Pacific; 
at the same time, colder SST in the equatorial-east Pacific 
implies a stronger surface temperature gradient along the 
Equator, which would favour a stronger Walker circulation’. 
This combination of mechanisms implies positive feedback, 
which could explain the persistence in Г However, there are 
other mechanisms of interaction between the Walker circulation 
and the SST; for example, strong Walker circulation is asso- 
ciated with decreased cloud cover in certain areas, which would 
favour warming of the ocean. Further, as the Walker circulation 
interacts with other atmospheric and surface features, additional 
feedback relationships may be involved. Any or all of these 
feedbacks might vary through the year; for example, stronger 
Walker circulation might favour stronger surface winds over the 
Indian Ocean in one season (favouring surface cooling) and 
weaker winds in another (favouring warming). All such inter- 
actions need to be identified quantitatively before we can claim a 
complete physical explanation of the statistical properties of І. 






8 -9 -6 -10 -æ -2 
-3 -82 -14 -4 -33 -3 
-12 -7 -16 -1B 
+ 8/-19 2 1 -8 
-3 -91 -17 -4 -æ -əy Fig 3 Lag correlations of A (out- 
cries a wet сой put of the feedback model) in each 
month with A in the subsequent 
-4 -16 -10 months. Data for 40 ‘years’. 
.14 ~il -æ -19 
-12 -17 -18 
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We have shown that rainfall anomalies in the equatorial 
central Pacific have remarkably high persistence during part of 
the year. The temporal patterns of lag autocorrelations and 
variability are readily explainable in terms of a positive feedback 
relationship in which the strength of the feedback is a function of 
season. Around October the feedback is so strong that the 
system displays the potential for ‘runaway’ behaviour. The 
feedback probably operates between the Walker circulation (on 
which the rainfall depends) and the SST, but studies of all the 
interactions between the Walker circulation and surface fea- 
tures will be necessary to confirm this quantitatively. Prospects 
are good for successful prediction; the index should be moni- 
tored particularly during May to September, because anomalies 
that develop then have a strong tendency to persist until the 
following February—March. 

I thank colleagues for comments. This research has been 
supported by the NSF as part of the North Pacific Experiment of 
the International Decade of Ocean Exploration. 


PETER B. WRIGHT 
University of Hawall, 
Department 


2 Almon,L J «а Ar-ma Interactem іч the Tropical Pacrfic Ocean, (NASA TN D-66834, 
1 


Washmgton, 1972). 
3. Boer, G. J. & Kyle, A. C m The Genera! Crculanon of the Tropical Atmosphere, Vol 2 (ода 
Newell, R E. et al) (MIT Prem, 1974) 
Dobentz, R. Berma metesroL Abh 8 (1968) 
Weare, B.C, Navato, А R & Newell, R. E. J phys Oceaneg 6,671-678 (1976). 
Change (subenrtted) 


(1976) 
Rowntree, Р R. О AR темеш. Soc 98, 290—321 (1972). 





Acoustic attenuation 
in Lake Tanganyika 


THE Lake Tanganyika acoustic attenuation experiment of April 
1970 (ref. 1) was the second of two lake experiments designed to 
help identify the cause of the low-frequency attenuation 
anomaly in seawater by providing comparative freshwater data. 
Although the Lake Tanganyika results showed no evidence of 
the anomaly, the attenuation was unaccountably large. Recent 
laboratory experiments have shown that the anomaly arises 
mainly from a chemical relaxation involving boric acid”. We 
have been investigating pertinent chemical equilibria using the 
acoustic resonator technique’ and we have encountered another 
chemical relaxation-absorption in seawater‘ that is evidently 
also responsible for the Lake Tanganyika results. 


Table 1 Chemical relaxation data 


North Lake Lake 
Atlantic Tanganyika Superior 
(concentrations in mg mol 1!) 

Mg 53 1.7 0.1 
УСО, 2.5 7.2 0.5 
Са 10 0.3 0.3 
80, 27 0.03 0.03 
B(OH); 0.5 0? 0? 
Temp. (*C) 4 23 4 


pH 8.0 8.5 74 
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Fig. 1 Three relaxation components of sound in the 
North Atlantic Ocean: 1, MgSO,; 2, B(OH}; and 3, CO,. The 
relaxation curves are of the form а„ = Asfa f^ /(f^* 2), Where a, 
is the component absorption coefficient (dB km"), A, is a constant 
depending on the parame is frequency, and f, is the relax- 
ation frequency. the top curve is and points are 

experimental fleld data. 


Figure 1 shows the relative contributions of the three chemical 
relaxations in seawater, specifically in the North Atlantic Ocean 
deep sound channel. The newly discovered third relaxation 
involves magnesium and carbonic acid with calcium acting to 
reduce the component absorption by roughly a factor of two. 
Like that of the boric acid relaxation, the absorption varies as 
10 "8 for pH « 9. (The nominal pH range in the world ocean i 


Attenuation (dB km!) 





Frequency (kHz) 


Fig. 2 Comparison of Lake Tanganyika (0) attenuation and 
synthetic lake water (O) results. The synthetic lake water consti- 
tuents are MgClo, NaHCO; and CaCl, with appropriate values for 
Lake Tanganyika from Table 1. The pH is adjusted with NaOH. 
` (Na and CI concentrations are irrelevant.) The solid line is a 
relaxation curve-fit to the resonator data with relaxation 


originally led us to the hypothesis that the seawater anomaly might 
also be present in freshwater which was, of course, contradicted by 
the Lake Tanganyika experiment. 
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7.7-8.3). The relaxation frequency varies from 4.5 to 40 kHz in 
the temperature range 0-30 °C. 

Concentrations of the essential chemical components in the 
North Atlantic Ocean, Lake Tanganyika, and Lake Superior 
(the first lake experiment)? are given in Table 1 together with 
temperatures and pH values on the respective sound channel 
axes. Figure 2 shows a comparison of the Lake Tanganyika 
attenuation and the laboratory resonator results with synthetic 
lake water. The solid line is a relaxation-absorption curve-fit to 
the resonator data. The small systematic excess seen in the 
Tanganyika data at low frequencies is believed to indicate an 
additional frequency-independent attenuation arising from 
diffusive scattering by random temperature inhomogeneities 
within the sound channel*. This mechanism is evidently solely 
responsible for the results of Lake Superior where the scatter 
loss is greater because of the weaker sound channel and the 
chemical absorption is negligible’. 

We conclude that the acoustic attenuation in Lake Tangany- 
ika is due primarily to a chemical relaxation-absorption involv- 
ing magnesium and carbonic acid with a calcium moderator. 
Although neither the reaction nor even the chemical species 
involved are yet known, the results may be of wider interest than 
simply acoustical because of potential chemical and biological 
implications. 
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Glaciation in Bolivia before 3.27 Myr 


AN in situ layer of ignimbrite overlies till near the base of a thick 
sequence of glacial and fluvioglacial sediments at La Paz, 
Bolivia. Two radiogenic age determinantions on the ignimbrite 
gave results of 3.27 + 0.14 and 3.28 + 0.13 Myr. We show here 
that this indicates that climatic cooling in the Southern Hemis- 
phere was sufficiently severe to produce a mountain ice cap over 
part of the tropical Andes before 3.27 Myr and that these 
mountains had probably become tectonically elevated to about 
their present altitude by that time. 

One of the most complete vertical sequences of late Tertiary 
to Recent strata in Bolivia is in the suburbs of La Paz where 
streams draining westwards and southwards from the Cordillera 
Real have cut gorges over 800 m deep into a variety of sediments 
(Fig. 1). Composed mainly of fluvial and fluvioglacial gravels, 
sands, silts and clay and till, with minor beds of lacustrine 
sediments and a layer of volcanic ash flow debris (ignimbrite), 
the deposits have been studied in most detail by Dobrovolny’. 
Table 1 summarises his interpretation of the sequence, which 
contains evidence of four major glacial episodes following the 
deposition of the La Paz Formation, a series of deposits of late 
Tertiary-early Quaternary age; the ignimbrite was erupted after 
the first glaciation. 

A more recent revision of the area by Servant? subdivides the 
deposits rather differently but retains a similar sequence of four 
glaciations occurring after the La Paz Formation. One important 
departure from Dobrovolny's interpretation is the identification 
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of two different beds of ignimbrite, one in the upper part of the 
La Paz Formation but before the first glaciation and a second 
resting on deposits of the first glaciation. He identifies these as 
the Chijini and Sopari ignimbrites respectively but does not 


describe them in detail; they appear only in his composite = 


diagram of Plio-Quaternary stratigraphy (Fig. 2, on page 324 of 
ref. 2). Servant's analysis of the latter was based partly on his 
identification of four denudation surfaces in the north-west part 
of the Altiplano; he estimates that the oldest formed before the 
first glacial expansion from the Cordillera Real. A further 
proposal is that the oldest surface is the same age as an ignim- 
brite (Formación Peréz?) found in the western Altiplano 100- 
150 km west and south-west of La Paz. As this ignimbrite has an 
age of 2.5 Myr (Evernden et al?) the implication of Servant's 
work is that the first glaciation occurred after that date. These 
conclusions are based upon rather tenuous stratigraphical 
interpolation over large distances, however, and had Servant 
dated the two ignimbrites appearing in his stratigraphical 
diagram a more definitive statement could have been made 
concerning the age of his first glaciation. 

I have recently encountered a small but new section in the 
northern suburbs of La Paz exposing a bed of ignimbrite overly- 
ing what appeared to be a layer of till at an altitude of ~3,900 m. 
The exposure is located in the gorge of a small left-bank 
tributary of the Rio Choqueyapu or Kaluyo (Fig. 1), the same 
valley in which Dobrovolny observed his 'Chijini' ignimbrite 
overlying the oldest till. 

The deposit beneath the ignimbrite is a very indurated layer of 
unsorted clasts up to 30 cm in size held in a compacted clay-like 
matrix; it averages 2 m in thickness. Out of three samples of 25 


Land above 4600m ag.) 


Bolivia 


*- Choqueyapu : 
erminal morai 





Fig.1 Maps showing the location of the La Paz area in Bolivia and 
the site of the new section. 
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Table 1 Summarised description and interpretation of deposits in the La Paz districts of Bolivia" 


: Maximum 
Formation ч thickness 
i Period label Description Weathering (m) 
Post glacial — Landslide, mndfow, = — 
= | “alluvium, etc 
Glacial Choqueyspu Fluvioglacial outwash Little weathered 200 
| | inal А RS R 
Glacial Milluni Fluvioglacial sediments Not deeply weathered 80 
till layer 100 
Interglacial Purupurani Alluvial and lacustrine Intense erosion, 245 
f ‚ sediments including tation; upper 50m 
lignite >32,000 yr old (at least) oxidised 
Glacial Calvario ТШ layer ` 40 m depth oxidised, 85 
much eroded away 
Fluvioglacial sediments 16 
Interglacial Chijini Ignimbrite Weak erosion 15 
intense erosion 
Glacial Раѓараќапі Till layer Most intense 7 
idisati 
| Fluvioglacial sediments 
U lower Oxidisation 
* After Dobroviny 


stones, 70% were sub-angular in shape and 30% angular; 
several were well faceted and bore the polish and striations 
normally associated with glacial abrasion. More than 50% of the 
sampled stones were granitic, the rest being mainly hard sedi- 
mentary rocks; a few basic igneous stones were also present. 
Three samples of 25 stones with distinct long axes (ratio >2:1) 
were measured to see if there was a preferred alignment of the 
clasts. Fifty-six per cent of all stones were orientated within the 
arc of 120-140°, 92% lying between 120° and 170°; in other 
words a strongly preferred orientation that could be roughly 
classified as NW-SE or SE-NW. The former alignment would 


be entirely in keeping with the direction of ice flow at the base об 


an ice mass spreading outwards from the adjacent Cordillera 
Real (Fig. 1). The lower two-thirds of the deposit.is a purple- 
grey colour whereas the upper third has been oxidised to a 
red-brown.colour. 

Because these characteristics and the stratigraphical position 
of this deposit are very similar to those of the lowest till 
identified by Dobrovolny ~5 km further up-valley, it is inter- 
preted here as the same deposit. Dobrovolny considered this till 


and associated fluvioglacial sediments to have been much more , 


profoundly oxidised than any of the subsequent overlying Pleis- 
tocene deposits and suggested that a considerable length of time 
elapsed before the eruption of the Chijini ignimbrite. 

At the new section a bed of ignimbrite 2-3 m thick rests on the 
weathered upper surface of the indurated till This volcanic 
deposit is a well known phenomenon of the La Paz district, 
outcropping as a distinctive single layer 2-15 m thick in the main 
gorges. Dobrovolny observed the ignimbrite above the oldest till 
in upper reaches of the valley but noted that it directly overlies 
the preglacial La Paz Formation elsewhere. A sample of the 
ignimbrite submitted for a radiogenic age determination gave 
the results shown in Table 2. Two radiogenic ^ Ar analyses were 


Table 2 K-AR Analyses of biotite in ignimbrite, La Paz 


performed on a pure biotite sample prepared from the ignim- 
brite. There is a close agreement between the two deter- 
minations, and McIntyre, who did the radiogenic analysis, 
considered that the measured age of 3.27-3.28 Myr is a good 
estimate of the volcanic event which produced the deposit. 

The main implications of these age determinations concern 
the age of the La Paz Formation, the approximate timing of the 
tectonic elevation of the Cordillera Real, and the onset of full 
glacial conditions in these mountains. 

Opinions on the age of the La Paz Formation (which is up to 
500 m thick) have varied from Miocene to Quaternary, the 
uncertainty arising because of the lack of fossiliferous and other 
datable remains. Dobrovolny, however, after summarising all 
previous work, concluded that the scant fossiliferous evidence 
(the vertebrates Scelidothereum and Parahipparion) obtained 
from middle beds of the formation indicate a Lower Pleistocene 
age for these strata whereas the non-fossiliferous and coarser 
upper beds grade conformably into the first glacial outwash 
deposits. He tentatively assigned an Upper Pliocene age to 
sediments composing lower parts of the formation lying beneath 
a truncated deeply oxidised horizon which separates them from 
the middle beds. The fossiliferous evidence is so dubious, 
however, that it cannot be used as compelling evidence for 
determining the absolute age of the associated strata. If the 
radiogenic age of 3.27 Myr for the overlying ignimbrite is cor- 
rect, then the entire sequence of the La Paz Formation is of 

As pebbles of granite from plutonic intrusions in the Cordil- 


Лега Real are contained in lower beds of the La Paz Formation 


the mountains must have become tectonically elevated and 
eroded some time before 3.27 Myr. This agrees with Petersen's? 
view that the latest phase of Andean uplift began in the Pliocene 
after the formation of the Buns plantation surface in Peru, 
Bolivia and Chile. 

The spatial extent of till сей (including the earliest) and 
piedmont moraines along western flanks of the Cordillera Real 
suggest that-a mountain ice cap built up and discharged 
coalescent outlet glaciers 15 km beyond the foothilis during 


K Mass “art art / Age* 
(wt%) (mg  (xI0"SCCg ) “Arr (Myr) periods of full glaciation. The earliest till layer, overlain by the 
dated ignimbrite, thus indicates that a substantial mass of glacier 
. 3.27.14 : 
TAL | pu eee 243 i ЕР ісе was present over these mountains more than 3.27 Myr ago. It 





* Decay constants from Steiger and Jager“. 


is tempting to equate this glacial event with the first large-scale 
glaciation of the southern Andes dated at 3.5 Myr by. J. H. 
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Mercer®. Such correlation may be reasonably valid because 
Dobrovolny observed: that the oldest till is intensely oxidised, 
suggesting a considerable time interval before the deposition of 
the overlying ignimbrite. Because till of the penultimate ice cap 
glaciation, exposed for possibly more than 100,000 years, is 
weathered to only a shallow depth, the intense alteration of the 
oldest til may well indicate a time interval of the order of 
0.23 Myr. The first Bolivian glaciation would therefore most 
logically fit with the first Patagonian event. . 

Oxygen isotope and palacomagnetic evidence from the 
Northern Hemisphere led Shackleton and Opdyke’ to suggest 
that the last lengthy period of stable sea level (global) and low ice 
volume (global) ended ~3.2 Myr ago. Mercer*, however, has 
since drawn attention to his evidence from Patagonia which 
shows that ice age cold prevailed in middle latitudes of South 
America 0.3 Myr earlier. This corresponds with recent work in 
the Barents Sea area of the Northern Hemisphere by Kvasov 
and Blazhchishin? suggesting the existence of an ice sheet there 
3.5 Myr ago. The deposits in Bolivia indicate that climatic 
conditions in the Southern Hemisphere had become sufficiently 
severe more than 3.27 Myr ago to allow the formation of an ice 
cap over a mountain range within the tropics. If the altitude of 
the Cordillera Real (present peaks between 5,000 and 7,000 m) 
has not been changed substantially by tectonic activity within the 
past 3.5 Myr, then the equilibrium line of the tropical ice cap was 
low enough to discharge outlet glaciers down to 3,900 m above 
present sea level. There is therefore an accumulation of évi- 
dence, deriving from polar regions"? and from middle and 
tropical latitudes of tbe Southern Hemisphere, which strongly 
suggests that the cold period of 3.5 Myr ago may have caused the 
first global large-scale glaciation of the Late Cainozoic ice age. 

I thank the NERC for financial support and Ingos Alvaro 
Fernandez: and Antonio Michel of the Bolivian Geological 
Institute’ for field'assistrance, Dr I. M. Munro for the biotite 
sample and Dr R. M. McIntyre for the radiogenic analyses. 
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A stratified water column 
environmental model 
. for the type Kimmeridge Clay 


GALLOIS has reported the widespread occurrence. of coeval 
coccolith limestones and oil shales in the Kimmeridge Clay of 
southern England and Lincolnshire’. From the association of 
these limestones with oil shale horizons he suggested that the 
organic content of the Kimmeridge Clay was largely derived 
from phytoplankton blooms whose decay produced the 
temporary anaerobic bottom conditions necessary to preserve 
organic matter. However, comparisons with similar Quarter- 
nary sediments in the Black Sea and Mediterranean has led us to 
report here that phytoplankton blooms were not the cause, but 
rather a symptom of widespread anaerobic bottom conditions, 
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and that preservational factors rather than productivity are the 
major control on the accumulation of black shales. We believe 
that the fine grained clastic-bituminous shale—oil shale-coc- 
colith limestone lithologic association characteristic of the type 
Kimmeridge Clay can be attributed to the vertical movement of 
the O4: H5S interface in a temporari y stratified water column. 

Figure 1 summarises the main feetures of the oil-shale and 
coccolith-rich portion of the type succession of the Kimmeridge 
Clay. The whole sequence was apparently deposited below wave 
base with only rare and indirect evidence of current activity, 
such as occasional low angle contac:s exhibited by coccolithic 
streaks within sapropel rich horizons. The Kimmeridge Clay 
lithologies, with the exception of the carly diagenetic dolomites, 
show a cyclic distribution pattern involving lithologies A-B-C- 
D (as on Fig. 1). Lithological changes through each cycie are 
accompanied by changes in fauna. content. The clays (A) 
contain a fairly abundant low diversity macrofauna of small, thin 
shelled benthonic bivalves, plus а пекіопіс element including 
ammonites, fish and reptiles; the plankton includes dinocysts, 
coccoliths and rare acritarchs. In the bituminous shales (B) the 
macrofauna is similar to that of the clays, but it tends to occur 
only at discrete horizons. 

In the oil shales and coccolithic limestones (C, D) benthonic 
fossils are rare or absent, and the non-carbonate organic content 
consists dominantly of amorphous sepropel with above average 
proportions of terrigenous palyncmorphs"*. High concen- 
trations of Cu, Ni, Mo, P, І and Br? are associated with the 
organic matter. Preliminary scanning electron microscope stu- 
dies have shown that the coccolithic laminae often contain well 
preserved coccospheres. Framboidal (probably early diagenetic) 
pyrite is ubiquitous in the coccolith c limestones, occurring in 
close association with organic membranes and palynomorpbs. 

The Quarternary sediments of the Black Sea and eastern 
Mediterranean basin also demonstrate an association of fine 
grained detrital, bituminous and coccolith rich lithologies (see 
Fig. 2 and legend for a summary of their principal lithologies). 
Radiometric dating of these sequences has enabled them to be 
matched with the climatic and physical oceanographic data for 
the Quarternary! ?, providing an insight into conditions that 
prevailed at the time of their deposi-ion which we have applied 
to the Kimmeridgian. 

The basal part of the Black Sea sequence (see Fig. 2: Unit 
Three) contains no marine macrofauna, and its dinocyst 
assemblage suggests that salinities of about 7% prevailed!!. Unit 
Two was deposited in marine condi-ions for it contains marine 
dinocysts, and marine sapropelic organic matter predominates 
over terrestrial humic material'^!!, The organic matter is asso- 
ciated with pyrite framboids and h gh concentrations of trace 
elements". The dark laminae withir the coccolith oozes of Unit 
One have recently been interpreted as the products of seasonal 
mass mortality of the photosyntheticbacteria that live just below 
the O;: H5S interface in the Black S#a”. Cooling of the surface 
waters during the winter decreases the stability of the low 
salinity surface layer and enables tu-bulent mixing processes to 
reach down to the O,:H,S interface. The subsequent oxy- 
genation of these lower waters caases mass mortality of the 
anaerobic bacteria. During the descent of the dead bacteria, the 
elemental sulphur which they contain probably acts as a nucleus 
for the formation of pyrite framboids within the water column”. 
Unit Three was deposited in a freshwater environment which 
was replaced by marine conditions between 10,000 and 7,000 yr 
ago when the post glacial eustatic riss caused the Mediterranean 
to spill over the Bosphorus Sill into the Black Sea. This produced 
a strong salinity-based stratification, and increased the produc- 
tivity of the surface waters, the combined effects of which 
resulted in the stagnant bottom waters becoming rapidly 
anaerobic leading to the depositior of Unit Two. The O4:H;S 
interface rose rapidly from the see floor until about 3,000 yr 
ago!^, (see Fig. 2) when it reached a level where convective or 
turbulent mixing processes could provide its nutrients to the 
euphotic zone and hence stimulate the coccolith blooms which 
produced Unit One. 
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Fig. 1 A tog of pait of ше type soalan of Кш Cay 
exposed in Kimmeridge Bay, Dorset. А, Clays—dominantly 

composed of illite, with minor silt sired material, up to 10% organic 
matter (predominantly us sapropel); and <2% pyrite. B, 
Bituminous to the clays, but higher 


organic content (3096). C, Oil shales—containing up to 70% 


extended period from early diagenesis onward by replacement of а 
pre-existing thology”. E f 
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The best. documented sapropelic sequences of the eastern 
Mediterranean are-those of the Nile Cone*!*", but similar 
deposits occur throughout the basin'^. The sapropel sequences 
are between 30 and 50 cm thick, and are developed between 
basal terrigenous (turbiditic) sediments and overlying cal-. 
careous: hemipelagic sediments; the . ‘principal . lithological 
components are shown in Fig. 2. They occur below a present day 
water depth of 550 m, and are best developed in the distal parts 
of the Nile Cone. Olausson'* has developed a widely accepted 
depositional model for the. eastern' Mediterranean sapropels. 
The post-glacial amelioration of climate (which significantly 
altered the balance between evaporation and precipitation®**) 
Sud eth tie te or ect ren ee ee Dad 
Sea, resulted in a strong halócline which reduced the efficiency 
of vertical mixing processes and led to the formation of anaero- 
bic bottom water. The simultaneous transgression also caused 
large amounts of clastics to be trapped on the widened shelves", 
so that there was minimal clastic dilution as well as enhanced 
preservation of organic matter. . 

The Quarternary examples imply that the Kimmeridgian 
sequence: clay-bituminous shale—oil shale—coccolith limestone 
may reflect the ascent of the O4: HS interface in a stratified 
water column. However, it is.likely that the bottom water-was 
just oxygen depleted for much of the time and did not always 
contain free H;S. There are no indications of abnormal salinity 
in the type Kimmeridgian succession, and so dissolved oxygen 
was probably a more critical factor in determining the nature of 
faunal assemblages. The low diversity, thin shelled benthonic 
bivalve assemblage containing large numbers of small individu- 
als, and the large planktonic: component of the fauna are 
characteristic - of low dissolved oxygen situations 
(~1.0 ml per litre О, ref. 19). The, small thin-shelled, 
dominantly shallow infaunal bivalves are also characteristic of 
soft ‘soupy’ mud substrates, their morphology representing an 
adaptation to flotation within the sedimen 

Figure 2: summarises. the environment of deposition we 
envisage for each of the main Kimmeridge Clay sediment types. 
The clays were deposited under oxygenated bottom conditions 
below normal wave base, partly by hemipelagic settling’ and 
partly from low density suspensions. As 75% of the bivalves are 
articulated, any currents must have been slight, but the occur- 
rence of infaunal species, apparently on bedding planes (as seen 
also in the Oxford Clay”’) suggests that at least some exhuma- 
tion by gentle currents occurred. The bituminous shales formed 
during periods of fluctuating aerobic/anaerobic conditiotis with 
2 consequent preservation of greater amounts of organic matter, 
and the restriction of macro-benthos to discrete horizons. The 
oil shales were formed id predominantly anaerobic bottom 
conditions with only very rare current activity and minimal 
clastic sedimentation. They mark an intermediate phase in the 
upward progression of the О,: Н,5 interface. The higher pro- 
portions of miospores in the oil shales"^ (also seen in the 

sapropels””)-and-the sparsity of dinocysts probably 
indicate a low level of plankton productivity. The coccolith 
limestones mark the maximum development of anserobic 
bottom water in the Kimmeridgian water column. At this time 
the top of the Н. zone had migrated to a level where seasonal 
convective processes could provide its nutrients to the euphotic 
zone and there stimulate a coccolith bloom. In the upper part of 
the Hudlestoni Zone and the lower part of the Pectinatus Zone 
(see Fig. 1) there are many cycles in which the oil shale is misaing 
but the coccolith limestone is present. Interpretation in terms of: 
our model suggests a shallower depth of water than that lower in 
the sequence (where there .are relatively thick oil shales), 
because in this case, once the bottom became anaerobic the 
O4: HS interface would take less time tò rise to the thermocline 
and conditions suitable for oil: shale formation would have been 
short lived. In the modern Black Sea, the most characteristic 
micro-laminated coccolith oozes occur in the halistatic parts of 
the basin where there is only a weak annual bloom (in spring, 
associated with seasonal convection?) and minimal clastic 
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ces discussed in the text. The sapropelic 


Quarternary sequen 
ма a fate cn ea tasto ee oe HLS interface 


coccolithic sequences 
documented in the Black Sea!^, culminating in convectional mixing 
lithologies are described in Fig. 1 and in the text. Nile 


surface waters which stimulates coccolith blooms. Kimmeridge Clay 


esl ане organic ooze—with up to 15% sand grade biogenic material; 


sediment transitional between segnius: ooze and sapropel; sapropel—black, organic rich (515%) sandy mud, 


including planktonic forams, 


Some sapropels contain interlammated coccolithic and terrigenous muds. Bentbonic organisms 


authigenic pyrite. 
aro absent. Black Sea lithologies’: Unit One, biogenic calcareous ooze, with light coloured coccolithic laminae alternating with dark organic rich 
laminae of detrital clays; Unit Two, micro-Iaminated dark brown gelatinous sapropelic clay with 525% organic matter; Unit Three, partly 
homogenous and partly laminated light and dark banded lutites with interbedded turbiditic silts. Column sections are not to scale. 


sedimentation. We believe that in this respect the 

is directly analogous. The preservation of the delicate lamina- 
tions and coccospheres indicates that deposition was entirely by 
hemipelagic settling and that the bottom remained 
predominantly anaerobic during the deposition of the lime- 

stones. Dunn also believed, on the basis of pyrite distribution, 
that the coccolith limestones may have been deposited during 
the acme of anaerobic conditions”. 

Although the Kimmeridgian early diagenetic dolomites do 
not form part of the cyclothems, their development may be 
indirectly related to phases of watermass stratification. In the 
Mediterranean, precipitation of authigenic high Mg-calcites 
near the sediment surface shows an inverse relationship to the 
development of watermass stratification??. This pattern is also 
reflected in the Kimmeridgian succession, for dolomites tend to 
be more common where the oil shales and coccolith limestones 
are poorly developed (that is, below the Wheatleyensis Zone 
and above the Hudlestoni Zone). 

The Quarternary examples used as the basis for our Kim- 
meridgian depositional model represent deep water oceanic 
environments, whereas the Kimmeridge Clay was deposited in a 
shallower ahelf regime: we submit that this apparent paradox is 
not a serious challenge to our model. For example, below the 
Q,:H,S interface in the Black Sea the environment is remark- 
ably uniform and it is doubtful if the bottom conditions would be 
greatly different whether it was 2,000 m deep, or just a few 
hundred metres deep. Thus, although our model cannot add 
anything to earlier estimates of the palaeo-bathymetry of the 
type Kimmeridge Clay, it does suggest that the deepest water 
conditions occurred during the deposition of that part of the 
sequence where oil shales are most abundant (the top of the 
Wheatleyensis Zone and the bottom of the Hudlestoni Zone). 

The development of widespread stagnant conditions in 
North-west Europe during the Kimmeridgian was influenced by 
both palaeogeography and a rise in sea level. The Lower Kim- 
meridgian probably marked the maximum extent of the Jurasaic 


shelf areas”, and the increase in depth of the water column must 
have separated the mixed surface waters from the sea bottom, 
creating a stagnant, potentially anaerobic layer. At present, 
even relatively deep shelf seas are maintained in an oxygenated 
condition by wind driven currents and tidal mixing, and also by 
lateral circulation from the oceans. However, in comparison 
with its modern counterparts, the Kimmeridgian shelf sea was 
much wider, and the length of its oceanic (Tethyan) margin was 
small. Moreover, this margin was flanked by a carbonate plat- 
form in southern Europe which may have restricted the lateral 
shelfwards circulation of Tethyan water. The oxygenation of the 
internal shelf sea may, therefore, have depended largely on 
(seasonal?) convection and turbulent mixing in the surface 
waters, with the corresponding tendency for stagnation below 
wave base. 

We can only speculate on what exactly controlled the cyclic 
ascent and decline of the O4: H5S interface. Although in the 
Kimmeridgian the lithological response to stratification was 
almost identical to that in the Quarternary, it is clear that quite 
different mechanisms and controls were operative. The inter- 
pretation of the Quarternary examples revolves around the 
extreme climatic changes that occurred at the end of the last ice 
age, with glacial meltwaters and the land-locked nature of the 
basins playing a key role in the depositional model. Such an 
explanation is clearly incompatible with both Kimmeridgian 
palaeogeography and the more equable, sub-tropical climate of 
the period. Given this situation it seems probable that ther- 
moclines, rather than haloclines, were the principal agents of 
water column stratification and stagnation in the Kimmeridgian. 
Quite small changes in local rates of subsidence, primary 
production, circulation pattern and climate may have combined 
to disrupt the fine balance between aerobic and anaerobic 
conditions to produce the Tn term cycles (214,000 yr)? seen 
in the type Kimmeridge Cla: 
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Reduction of radiation damage in 
an electron microscope 
with a superconducting lens system 


OBSERVATION of biological specimens at high resolution by 
electron microscopy is limited by radiation damage. In general, 
structural details of non-periodical arrangements can only be 
identified for doses of radiation up to 107? C cm ^, correspond- 
ing to 63 епт”, which restricts the resolution to approximately 
2 nm (refs 1, 2). Many methods have been applied in an attempt 
to reduce radiation damage, including high voltage, high 
vacuum and specimen pretreatment. The most successful, 
however, was the reduction of the radiation dose, used for 
certain specimens with periodical structure, where the informa- 
tion could be obtained by computer-aided image enhancement 
from underexposed films’. In special cases, although it was 
possible to obtain information at high resolution, the specimen 
was partly destroyed’. The advantages of low temperatures were 
also investigated, but due to the lack of an adequate instrument, 
no agreement between the results could be obtained. Further- 
more, little attention was paid to the significance of the dose rate 
at low temperatures. We пом have in operation an electron 
microscope with a superconducting lens system in which the 
specimen is cooled to liquid helium temperature. The most 
important features of this instrument are the high resolution, 
which allows the transfer of space frequencies corresponding to 
the inverse of 0.15 nm, the mechanical and electromagnetic 
stability (specimen drift 0.01 nm тіп!) and the ultra high 
vacuum around the specimen. These features are necessary for 
testing the effect of radiation damage. We report here experi- 
ments which demonstrate that radiation damage is considerably 
reduced at low temperatures in a dose rate-dependent manner. 
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Fig. 1 Pt-stained murein or peptidoglycan, electron-optical 

magnification x 84,000. For a and 6, respectively, exposure time 

was 110 and 3s, dose rate was 3x 10^ and 10* e nm ^ s^, total 

dose during radiation was 3 x 10° and 1.5 x 10* e nm ^, and esti- 

mated rise in temperature was «1K and z10K. The phase 

structures in a and b are not completely identical due to a defocus 
difference of about 10 nm. 


One of the specimens used was murein or peptidoglycan (the 
rigid layer of a bacterial cell wall), specifically stained with Pt. 
According to a model published by Formanek?, 0.45, 1 and 2 nm 
periodicities in the heavy-atom pattern of murein should be 
visible. The support was in most cases graphitic oxide, which 
shows very little phase contrast. In spite of extensive work, this 
structure has not been seen previously in the electron micro- 
scope. 

Figure la. taken with a dose rate of 3x10 епт?! 
(0.005 A стг?) clearly demonstrates, even after a total irradia- 
tion dose of 3x 10° e nm^? (5 C cm" ?), the presence of 0.45-nm 
periodicities, which disappear as soon as the dose rate is 
increased to 10* e nm! s^(0.2 A стг?) (Fig. 15). Light optical 
diffractograms of Fig. la show reflections corresponding to 
periodicities of both 0.45 nm and 1.0 nm. Such reflections were 
also detected on carrier-free murein. 





Fig. 2 Ptstained polyhydroxybutyric acid, electron-optical 
magnification x 84,000. For a and 5, respectively, exposure time 


was 120 and 16s, dose rate was 3x 10^ and 5x 10? enm s 
total radiation dose was 1.4x 10° and 2.5 х 10* e nm ^, and the 
estimated rise in temperature was « 1 K and 10 K. 
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We also investigated a Pt-stained by-product of the murein 
preparation. Periodicities were clearly visible as long as the dose 
rate was kept below a certain critical value (Fig. 2a) and faded 
away when the dose rate was increased (Fig. 2b). We have 
assumed that the material is poly-8-hydroxybutyric acid, as this 
isthe only possible crystalline organic contamination originating 
from the bacterial cell. In addition, a periodicity of 0.36 nm 
agrees with one of the main lattice distances of poly-8- 
hydroxybutyrate’. 

The observations that the conservation of the fine structure of 
the biological material strongly depends on the radiation dose 
rate we consider to be due to a temperature effect. The influence 
of the dose rate on the specimen temperature сап be estimated’. 
For the compounds under discussion the chemical bonds are 
destroyed during the first exposure; however, the diffusion of 
the molecular fragments and especially the heavy atoms is 
prevented if the specimen is kept at a sufficiently low tempera- 
ture. At the critical dose rate, the temperature is increased 
above the threshold value that permits diffusion. Comparison 
with the results obtained at room temperature shows that when 
specimens are observed close to liquid helium temperatures, 
damage to their biological fine structure is dramatically reduced. 

We thank J. Dubochet for discussions. 
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Recent archaeological 
findings at the Sterkfontein site 


UNTIL the present decade it was thought that the Early Stone 
Age of Africa consisted of two industrial complexes, the 
Oldowan and the Acheulian, the latter succeeding the former 
after a transitional phase. Well excavated and well dated 
Oldowan sites are known only from Eastern Africa, although 
Oldowan sites are reported from North and South Africa, and all 
known examples are older than 1.5 Myr (refs 1-4). The earliest 
manifestations of the Acheulian appear approximately 
1.5 Myr BP (refs 5, 6) and continue until the Last Interglacial. 
Leakey has challenged the idea that the Acheulian represents a 
continuous development of the Oldowan in East Africa! ^?. At 
Olduvai in Bed II she recognises two industrial complexes, 
which are said to represent two distinct cultural traditions, 
possibly produced by two different hominid taxa. These 
industries are the Acheulian and the Developed Oldowan. The 
criteria for defining the Developed Oldowan B have recently 
been revised and Leakey’ now states that the morphology and 
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technical features of manufacture of bifaces are the principal 
distinguishing characters between the two industries. The main 
technological distinction is that the Acheulian biface makers 
knew how to detach large flakes (>10 cm) while the Developed 
Oldowan hominids did not. As a result of this revised definition 
some of the assemblages at Olduvai originally defined as _ 
Developed Oldowan B have been reclassified as Acheulian by 
Leakey’. The problem of the Acheulian and Developed 
Oldowan can be stated as two alternative hypotheses. (1) Two 
cultural traditions began in East Africa approximately 
1.5 Myr BP, each associated with a distinct social population 
over an immense span of time; possibly they were of different 
hominid taxa. Or (2), there was only one cultural tradition 
(industry), the Acheulian Industrial Complex, beginning about 
1.5 Myr BP and marked by highly variable bifacial tools and 
relative frequency of artefact types; only one hominid taxon 
during any given period was involved. I have now made a 
comparative study of the Sterkfontein and Olduvai Gorge Bed 
II assemblages, which suggests that the Developed Oldowan B 
industry falls within the Acheulian Industrial Complex and 
therefore serious consideration should be given to dropping the 
former term. 

To test the hypotheses four assemblages were selected for 
comparative analysis from Bed П at Olduvai Gorge, two defined 
Early Acheulian, EF-HR and TK Lower Floor (TKLF), and two 
defined Developed Oldowan B, TK Upper Floor (ТЕПЕ) and 
FC West Floor (FCWF). These assemblages were chosen 
because each is made up of material excavated from a single 
occupation floor, and therefore each represents a chronologic- 
ally homogenous set of artefacts presumably produced by one 
social group of hominids. The other Bed П assemblages do not 
satisfy this criterion. Table 1 presents the shaped tool type 
percentages of the four assemblages, demonstrating clearly that 
the original criteria of the Developed Oldowan are no longer 
valid. TKLF, an Acheulian assemblage, has a high percentage of 
spheroids/subspheroids, the most varied light-duty tool 
component, and a low percentage of bifaces. This assemblage is 
considered Acheulian by Leakey’ because of the technique of 
manufacture of the bifaces. The conclusions of the comparative 
study will be restricted to bifaces, the taxonomically critical type. 
Bifaces from the Sterkfontein site are shown in Fig. 1. 

Nine attributes out of a larger set were selected to describe the 
morphological and technical features of the bifaces. The results 
are presented in detail elsewhere?"?, including analysis of other 
artefact types. The application of non-parametric statistical tests 
(x? and Mann-Whitney U test), measures of the coefficient of 
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Fig. 1 Sterkfontein bifaces. a, Handaxe from cavity infilling of 

Robinson excavation; b, handaxe from overburden; c, cleaver from 

overburden; d, handaxe from overburden; e, handaxe from over- 
burden; f, handaxe from Dump 1. Illustrations by Zoë Martin. 
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variation, and computer assisted multivariate programs: 


(average-linkage cluster analysis and discriminant analysis) 
were made of the five assemblages using the attribute values of 
the bifaces and resulted in the following conclusions. (1) The 
bifaces of the defined Acheulian assemblages were significantly 
different from those defined as Developed Oldowan B; (2) dic 
Acheulian bifaces were longer, thicker, and had longer working 
edges; (3) the Acheulian bifaces were made significantly more 
often on large flakes (>10 cm); (4) the differences observed 
between the bifaces of the two industries were due to the 
difference in frequency of use of large flakes as the primary form 
for biface manufacture; and (5) the Acheulian bifaces display an 
equal degree of standardisation within assemblages as the 
Developed Oldowan B bifaces. 


Table 1 Shaped tool frequencies of four Olduva: Gorge Bed П assemblages 





н Site 

EF-HR TKLF TKUF PCWF 

No. * No * No % No. X 
Choppers 14 17.7 6 51 29 102 49 25.9 
Proto-b«faces о 0 0 0 о 0 о 0 
Bifaces 37 46.8 9 80 18 63 4 24 
Potyhedrons 5 63 1 09 3 10 4 21 
Discoids 8 10.1 0 0 9 32 4 24 
Heavy-duty 
scrapers 3 38 6 51 13 46 11 58 
Spheroxda/ 
subepberosds 9 114 28 23.9 76 26.7 48 254 
Modified battered 
cobbles, nodules 
and blocks о 0 17 147 35 123 54 286 
Light-duty 
scrapers 3 3.8 24 205 78 274 9 48 
Burins 0 0 12 103 6 24 1 0.5 
Awis 0 0 8 68 15 3 2 11 
Outils écailldés 0 0 2 17 о 0 0 0 
Laterally 
trimmed flakes 0 0 4 34 3 1.0 0 0 
Sundry tools 0 0 о 0 0 0 3 1.6 
Totals: 79 99.9 1171004 285 100.1 189 100.0 


х? Tests of the unmodified whole flakes demonstrated that 
large flakes in general were present significantly more often in 
the Acheulian assemblages. Because large flakes were present in 
the Developed Oldowan B assemblages, Leakey’s assertion that 
culture tradition explained the inability of the Developed 
Oldowan B peoples to produce large flakes could not be 
immediately accepted. The alternative explanation of differen- 
tial use of raw material was investigated. 

Use of xy? tests showed that large flakes were produced 
significantly less often from quartz than from lava. Bifaces made 
from flakes and unmodified whole flakes were of quartz 
significantly more often in the Developed Oldowan B than in the 
Acheulian assemblages. These findings suggested that the basic 
difference between the Acheulian and Developed Oldowan B 
bifaces was the differential use of quartz and lava as raw 
material In the absence of any other archaeological evidence, I 
suggest that the latter hypothesis be accepted—that is, that the 
Acheulian Industrial Complex, beginning about 1.5 Myr BP, 
was marked by highly variable bifaces and per cent frequency of 
artefact types. The term Developed Oldowan B should be 
dropped unless archaeological evidence can be produced to 
establish its independence from the Acheulian. 

Using the BMDP 2M average-linkage cluster program on the 
CDC 6400 computer at the University of California, Berkeley, I 
found that the Sterkfontein bifaces clustered exclusively with 
the Acheulian bifaces of EF-HR, but that when assigned as 
ungrouped cases to the Olduvai assemblages in the discriminant 
analysis (SPSS program with Mahalanobis D* as the distance 
measure) they were more often grouped within the Developed 
Oldowan B of TKUE. The Sterkfontein bifaces were also found 
to be more highly standardised as assessed by the coefficients of 
variation of biface attributes and the discriminant analysis 
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results???. A comparison of univariate frequency distributions 
of attributes of several different artefact types showed Sterk- 
fontein to display no consistent patterns of similarity or dis- 
similarity with any particular assemblage of the Olduvai 
industries, but rather it presented an overall pattern of dis- 
tinctive variability. I conclude that the Sterkfontein assemblage 
was Early Acheulian and that it displays characteristics that fall 
well within the range of those of the Acheulian complex of East 
Africa. 
DANIRL STILES 

Department of History, 

University of Nairobi, Kenya 
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Jackal helpers and pup survival 


BLACKBACKED jackals (Canis mesomelas) are one of the few 
mammalian species to have long-term pair bonds and to exhibit 
a tendency for some offspring to help in the provisioning and 
guarding of subsequent litters. Bonded pairs of adults were 
studied for 28 months over 34 years at Lake Ndutu, Serengeti 
Plain, Tanzania. In the 15 litters observed, families with helpers 
had significantly higher offspring survivorship. 

The blackbacked jackal is a small omnivore that typically 
occurs in brushland habitat’*. Bonded pairs are territorial and 
both the female and the male mark and defend boundaries. 
Bonded pairs groom each other, hunt cooperatively’, and share 
food. Parental care of pups is approximately equal. Both of them 
feed and guard the pups and the male regurgitates to his mate 
during the period of lactation. In all observed boundary fights 
the aggression occurred between same sex individuals. The 
territories form a mosaic with core territories in the centre of the 
Acacia sp. and Balanites sp. woodland surrounding Lake 
Ndutu, and peripheral territories adjacent to the short 

Three of four pairs of blackbacked jackals identified 
in July 1974 still occupied approximately the same territories in 
February 1978. In August 1976 an additional five pairs were 
identified. 

Eleven out of 15 litters observed had non-parent adult 
helpers. In 1976-77, five families were observed during, two 
consecutive litters. In 1977, four of these families had helpers 
and the ‘helpers’ were pups from the previous year’s litter. Thus 
with monogamous parents the helpers were full siblings to the 
litter of pups that they were caring for. Given this genealogy, the 
degrees of relatedness are as follows: parents to offspring, 
r=1/2; helpers to full sibs, r=1/2; parents to grandpups, 
r=1/4-1/2 (dependent on degree of inbreeding); helpers to 
offspring, r = 1/2. 

Presence of helpers may be partially dependent on the age of 
the parents. A pair with its first litter would not have any helpers. 
However, the survival of pups does not ensure the presence of 
helpers the next year. In 1976—77, tour families had 12 surviving 
offspring. Of these, four stayed as helpers (1 per family). In the 
fifth family, four pups survived and none remained as helpers. 

Helpers contribute food directly to the pups, and also regur- 
gitate to the mother during the period of lactation. The percent- 
age of observed regurgitations by helpers to pups varied from 18 
to 32 within families. Helpers also contributed by guarding the 
pups while the parents were absent. Spotted hyenas do attempt 
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No. of adults 


Fig.1 Number of adults per family and pup survivorship. n = 15; 
Spearman rank correlation coefficient, Ra = 0.967; P « 0.01. 


to prey on young pups, but can be successfully driven away by 
one adult jackal. Families with more adults (that is, those with 
helpers) had an attendant adult at the den a higher proportion of 
the time, thus providing greater protection for the pups. Helpers 


also play, groom, and help teach the pups to hunt. Quantitative - 


details of helper contributions will be published elsewhere. 

Pups first emerge from the den at approximately 3 weeks of 
age and are weaned at 8—9 weeks. By 14 weeks they are well 
coordinated, no longer use a den, and are starting to forage with 
adults. All observed mortality has occurred within this initial 
14-weck period. This is the time within which the pups are most 
vulnerable to food deprivation and predation, and the time 
period in which major contributions are made by helpers and 
parents. 

The presence of helpers correlates positively with pup 
survivorship and was significant to the 0.01 level (Fig. 1). On 
average, each helper added 1.5 surviving pups to the litter. One 
aberrant group (litter number 15) had three helpers initially and 
only one surviving pup. This is the only family in which a helper 
has been observed to remain for more than one year, and the 
parents were old. At 14 weeks of age, only one pup remained, 
and was cared for almost exclusively by the second year female 
helper. The other two helpers had disappeared. Thus this family 
had old parents, and for part of the critical period for pups, only 
one helper. 

The presence of helpers seems to be independent of food 
density. In the study area, jackal territories in the core and 


periphery of the woodland vegetation differ in the density of an. 


important prey species, the gras rat (Arvicanthus niloticus). In a 
core territory (VIID, trap-recapture data on Arvicanthus 
density varied from 7,792 (November 1976) to 32,083 rats km ? 
(July 1977). In a peripheral territory (VII), Arvicanthus varied 
from 3,125 (November 1976)+о 13,125 (July 1977) (В. Senzota, 
personal communication). The ratio of rat density between core 
and peripheral territories was 2.5:1. However, this difference in 
food availability did not seem to affect the presence of helpers 
and pup survivorship. In territory VIII, a core territory with high 
prey density, the resident pair with one helper had four pups 
survive from the 1976 litter. None of these pups stayed as 
helpers. In June 1977, the same pair had a litter of five pups, and 
none of them survived. By contrast, in 1976, in peripheral 
territory VII, the resident pair with no helper had a litter of. five 
pups and one survived. This pup remained with his parents. In 
July 1977, the same pair had a litter of six pups and one helper. 
Three pups survived. Even in the peripheral area with the lower 
Arvicanthus density, there is still a large biomass available at 
whelping time (13,125 x 60 g = approximately 800 kg km ?). 
Thus even in the peripheral area there is probably an adequate 
food supply and the critical factor in pup survival is the number 
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of provisioning adults that can capture that prey and make it 
available to the pups. 

Hamilton's theory of inclusive fitness seems particularly rel- 
evant to the observed behaviour of helpers’. Inclusive fitness 
consists of: (1) the individual's personal fitness in terms of 
reproductive success; and (2) the effects of his behaviour on the 
reproductive fitness of his conspecifics multiplied by their degree 
of relatedness. ‘Inclusive fitness’, therefore, examines the 
lifetime effect of an individual's behaviour on the next genera- 
tion’s gene pool, not only in terms of his own reproduction but 
also that of related individuals®. According to Hamilton an 
individual's behaviour will be favoured by natural selection if it 
increases inclusive fitness. 

Jackal helpers are as closely related to their full siblings as 
they would be to their own offspring. As their contributions as 
helpers increase pup survivorship, their own inclusive fitness is 
enhanced by kin selection until such time that breeding is 
attempted. In fact, an adult helper gains more (yield 1 pup per 
adult) by being a helper of its parents than by finding a mate and 
raising its own pups aided only by its mate (yield 1/2 pup per 
adult) Helpers may also derive benefits from extended 
experience on the home territory in terms of increased 
survivorship, increased long-term reproductive success and 
acquisition of a portion of the home territory’. Parents benefit 
from the presence of helpers from increased reproductive 
success due to higher pup survivorship, and increased inclusive 
fitness as parents accrue more reproductive benefits by helpers 
investing in their pups (r = 1/2) than by helpers producing their 
own pups (grandpups r — 1/4). Thus, it is in the parent's best 
interest to retain helpers. The benefits of retaining helpers are 
potentially limited by available food resources. 

I thank James R. Malcolm, К. Senzota, Inayet Anjari and the 
staff of Ndutu Tented Camp for their assistance, T. Moermond, 
G. Stephenson, L. H. Frame and G. Frame for reading the 
manuscript, and the Tanzanian Scientific Council, Tanzanian 
National Parks, the Ngorongoro Conservation Area Authority 
and the Serengeti Research Institute for making this research 
possible. This is SRI publication no. 211. Financial support was 
provided by the National Geographic Society, the Harry Frank 
Guggenheim Foundation and the University of Wisconsin. 
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Is intragenic recombination a factor 
in the maintenance of 
genetic variation in natural populations? 


INTRAGENIC recombination between two different existing 
alleles in a population can create new alleles. The role of this 
process in maintaining variation in a natural population has been 
investigated! by assuming that a gene consists of two sites, each 
of which can mutate to an infinite number of unique 'alleles' (the 
infinite allele model of Kimura and Crow’). Using this model it 
was shown that if the product of the population size, N, and the 
mutation rate, и, is #1, and the recombination rate, л, is the 
same order of magnitude as the mutation rate, then intragenic 
recombination significantly increases the number of alleles 
maintained in a finite population. Moreover, this is not 
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equivalent to an increase in the mutation rate as the variance of 
homozygosity and the variance of the number of alleles are 
larger. This implies that the sampling theory of neutral alleles 
developed by Ewens! does not apply to the situation where 
intragenic recombination is important in maintaining variation‘. 
Application ofthese results to the study of intragenic recom- 
bination in natural populations would require a large number of 
independent ‘samples in order to estimate the variance of 
homorygosity and the variance of the number of alleles. 
However, data from natural populations usually consist of the 
number of alleles and their frequencies in a single sample. 
Therefore, for the effect of intragenic recombination to be 
observable, there must be a detectable change in the distribution 
of the allele frequencies in a sample which contains k alleles. We 
present here the results of Monte Carlo simulation which show 
that intragenic recombination in the equilibrium population 
increases the frequency of the most common allele, increases the 
number of alleles which occur only once in the sample, and 
increases the homozygosity. 

The Monte Carlo simulation utilises the same algorithm we 


used previously’. Briefly, for each of the 2N genes of the next . 


generation two genes are selected at random with replacement 
from the present generation; one of the four alleles, the two 
recombinants and the two non-recombinants, are then selected 
with probabilities 7/2, r/2, (1—r)/2 and (1— r)/2, respectively; 
and lastly, it is determined whether a mutation occurs at each of 
the two sites with probability р where д = 2». This is equivalent 
to the model of random drift with two loci*. For the simulation of 
intragenic recombination, the parameter values, 2N = 200, 
4Nu =4, andr = 10, were used because it has been shown that 
there is a significant effect of recombination on the allelic 
variation maintained in a population with these 

values’, A sufficient number of samples, each with k alleles, is 
obtained in the following manner: each sample is the first 
generation which contains k alleles and which occurs at least 2N 
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Fig. 1 Cumulative distributions of the frequency of the most 
common allele from Monte Carto simulation of intragenic recom- 
bination between two sites. For eseh set of experiments 400 
samples were collected, each sample with k = 25 alleles, at least 
2N = 200 apart. In the case of intragenic recom- 
bination, 4Nu = 4 and r = 10и; in the case of no recombination, 
4Nu = 8. a, Cumulative distributions of the frequency of the most 
common allele; b, difference between the cumulative distributions. 
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Table 1 Statistics of the allelic distributions of 400 samples from 
Monte Cario simulation of intragenic recombination 


r=0 r=10u 
Mean Variance Mean Variance 
Frequency of the most 0.234 0.00532 0.258 0.00841 
common allele 
Number of singleton 7.255 4.85 7.78 5.63 
alleles 
Homozygosity 0.119 0.00132 0.134 0.00264 


2N = 200 and k = 25. 


generations after the previous sample. Samples are collected at 
least 2N generations apart to minimise the effects of co- variance 
among samples. The results presented are for 400 samples with 
k = 25 and are representative of those obtained for other values 
of k. For comparison, 400 samples with k = 25 alleles are 
collected in the same manner with the parameter values, 2N — 
200, 4Nu 8, and r=0. 4Nu = 8 is a valid choice of the 
parameter value for the case of no recombination, as Ewens! has 
shown that the distribution of allele frequencies conditional on k 
is independent of the value of Nu. The parameter value, 4Nu = 
4, is not used because the probability that a generation contains 
25 alleles is very small. 

Three variables are used to compare the allelic distributions of 
the two sets of samples: the frequency of the most common 
allele, the number of alleles which occur only once in the sample, 
and the homozygosity. The cumulative distribution of the most 
common allele in each of the two sets of samples is shown in Fig. 
1, and also the difference between the two distributions. It is 
seen that the frequency of the most common allele is greater in 
the case of intragenic recombination than that without recom- 
bination. As shown in Table 1, this difference holds for the 
means and variances of the frequency of the most common. 
allele, the number of alleles which occur only once, and the 
homozygosity. 

Is this pattern of differences observable in data from natural 
populations? We have stated previously’ that the observed 
intragenic recombination rate at the rosy locus in Drosophila? 
(which varies from 1.2x10~ to 7.2x 1075) and the observed 
number of alleles in samples from natural populations’ are 
such that intragenic recombination could have a significant role 
in the maintenance of variation at this locus. The data of Coyne’ 
and Singh, Lewontin and Felton* have recently been extensively 
re-analysed by Waterson’ and it was found that the frequency of 
the most common allele is significantly too large in each of the 
pooled samples. There was also significantly greater homozy- 
gosity and the singleton alleles were too frequent. The results of 
the simulation of intragenic recombination presented here are in 
the same direction as that observed in these data from natural 
populations. Therefore, intragenic recombination may be 
responsible for some of the excess of rare and of common alleles 
observed in samples from natural populations. 

This research was supported by National Research Council of 
Canada grant no. A0502 and additional computing funds were 
provided by the University of Alberta. 
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Construction of 
haloaromatics utilising bacteria 


LARGE amounts of novel organic compounds are released into 
the environment by the rapidly growing chemical industry. The 
main agents for returning natural and, presumably, synthetic 
organic compounds to the carbon cycle are bacteria and fungi, 
provided that catabolic enzymes with appropriate specificities, 
transport systems and regulatory mechanisms can be activated. 
One or several of these conditions for total degradation do not 
seem to be fulfilled for certain types of man-made compounds, 
in particular, the halogenated aromatic hydrocarbons. In this 
report, we demonstrate the transfer of the TOL plasmid from 
Pseudomonas putida mt-2 (WR 101) to Pseudomonas sp. B13 
(WR 1) enabling novel strains to be isolated which can utilise 
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various chlorosubstituted benzoates as their sole source of 
carbon and energy. 

Pseudomonas sp. B13 (WR1) is one of the few bacteria known 
to be able to use haloaromatics such as 3-chlorobenzoate or 
4-chlorophenol as the sole source of carbon and energy’. 
Comparative kinetic studies on, the 1,2-dioxygenation of 
benzoate’, dehydrogenation of dihydrodihydrorybenzoates* 
and 1,2-dioxygenation of catechols? indicated that the stereo- 
specificity of the initial enzyme hinders the utilisation of the 2- 
and 4-chlorobenzoates in addition to 3-chlorobenzoate in this 
strain. We did, however, demonstrate that the TOL plasmid 
coded*" benzoate 1,2-dioxygenase in Ps. putida mt-2 ((WR101) 
is considerably less specific and readily co-oxidises chloro- 
substituted benzoates, including 4-chlorobenzoate?. Neverthe- 
less in contrast to Ps. sp. B13, this organism cannot totally 
degrade halocatechols. Substrate utilisation did not occur, but a 
number of halosubstituted metabolites of the meta cleavage 
pathway were accumulated, together with unstoichiometric 
amounts of chloride (our unpublished work). 


Table 1 Construction of halobenzoate-utilising strains 





Growth substrate 
3-Chlorobenzoate 3-Chlorobenzoate 3-Chlorobenzvate 3-Chlorobenzoate 
3-Methylbenzoate 4-Chlorobenzoate 4-Chlorobenzoate 
"» 3-Methylbenroete 3,5-Dichlorobenzoate 
WRI vwa — "TE win a WR216 
WR223 спы саю X І 


+8101 


WR941 


Donor and recipient cultures were grown for 24 h on nutrient agar plates. The bacteria were suspended in phosphate buffer pH 7.4, 50 mM to 
3x10* cells ml™’. Portions of each culture were mixed so that the ratio of donor and recipient was 2: 1. Опе ml of the resultant mixture was filtered 
through 0.2 шп Millipore filter. The filter, after being placed on the surface of nutrient broth agar plates, was incubated for 12 Ь at 28 ^C and then 
vigorously whirlmixed with 4 ml phosphate buffer to resuspend the cells. The resulting suspension was plated on the appropriate selective medium. 
The frequency of transfer given in parentheses are defined as the number of exconjugants per donor cell or spontaneous mutation frequency on the 
selective substrate. 


(4x 107 


Table 2 Nutritional properties of wild-type and derived strains 


Stram Phenotype Genotype Derivation 
designation 
Е 5 TRES 5 аы š g Parent Treatment 
НЕСЕ ЕНЕНЕ Е 
WR1(Pwudomonas + - ~- – – – рле ee re ++i wt Dorn et al? 
sp. B13, 
wild-type) 
t+---- - ФЕ о — mm + + r str-1 WR1 Spontaneous, selection 
on nutrient agar plates 
with streptomycin 
(0.1 mg m7) 
WR10l(Prudomonas — ~ — +++ —-—-— ++ ++ + + + - - s wt/TOL Williams and Murray® 
putida mt-2, 
wild-type) 

WR211 +- —-— + —-—- + + + — — — — — — —- + + от str-1/TOL WR23 Conjugation with WR101, 
selection on Ptol/Str 
agar plates 

WR216 ЖФ + — -+ + + — — —-`— — — —- + + г str-1/TOL WR2i1 Spontaneous, selection 
on Pcl agar plates i 

WR223 +-----— +++t------- + +r ard ` WR211 Spontaneous, during growth 
at 41 *C on nutrient broth 
agar plates 

WR241 t++e---- tte --- — eH + + s /TOL241 WRI Conjugation with WR101, 
selection on Pcl agar 

| plates 

WR941 +++ ---+ ¢+4+------ - + + s /TOL-241 WR24i Spontaneous, selection on 

Del agar plates 


a L EN RR es 
Phenotype abbreviations: Мс], 3-chlorobenzoate, Pcl, 4-chlorobenzoate; Dci, 3,5-dichlorobenzoate; Ptol, p-toluate; Tin, toluene; Rib, D-ribose; 
Seb, sebacat; 41°, growth at 41°C on nutrient broth, Ger, geraniol; Nic, nicotinate; Pdiol, propándiol (1,2); Eth, ethanol; But, n-butanol; Pro, 
n-propano!; Kglu, 2-ketogluconate; Man, D-mannose; Test, testosterone; Hexa, hexadecane; Str, streptomycin sulphate 
+, Good growth; —, no growth; s, sensitive; r, resistant. А 
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Co-metabolic activities from 
methylaromatic-utilising strains: 
OH 
OH 


Haloaromatic ———= Hal 





Catabolic activities for halocatechols 
from Pseudomonas sp. B 13: 
н 


OH 
Hao 


e 
Hal + CO, 





Exconjugants like WR 241, which is able to grow on 4- 
chlorobenzoate (see Table 1) were obtained by the Millipore 
filter technique after selection on 4-chlorobenzoate agar plates. 
Differentiation by nutritional pattern (Table 2) and analysis of 
catabolic enzymes (to be published elsewhere) clearly indicated 
that WR 241 originates from WR 1 as the recipient strain. The 
ability to utilise 4-chlorobenzoate is the only new property in 
strain WR 241. Other exconjugants, not listed here, were iso- 
lated which could utilise p-toluate in addition to 4-chloro- 
benzoate. From this, it can be deduced that WR 101 functioned 
as the donor strain. By mating WR 101 with the streptomycin- 
resistant strain WR 23 of WR 1 and selection on p-toluate- 
streptomycin agar plates, strains of type WR 211 were found 
which could use both growth substrates of the parent strains, 
namely, 3-chlorobenzoate and p-toluate. By plating WR 211 on 
4-chlorobenzoate, spontaneous mutants like WR 216 were iso- 
lated which could grow on the new substrate. 

Exconjugants, such as WR 241, appeared with almost the 
same frequency as the product of the frequencies which were 
observed during selection for strains WR 211 and WR 216. 
Phenotypic expression for the utilisation of 4-chlorobenzoate 
seems to require a mutation in addition to the transfer of the 
TOL plasmid. During growth at 41°C strain WR 211 can be 
cured, consequently, WR 223, the resulting strain, lost its ability 
to grow on p-toluate. 

Biological devices for the adaptation to novel organic chem- 
icals are mutations in structural genes leading to the evolution of 
enzymes with novel specificities and activities" !! and mutations 
changing regulatory controls!^??, In another study, the detect- 
able response to stress by novel organic molecules was the 
hyperproduction of pre-existing enzymes due to gene dupli- 
cation'*, The active sites of these enzymes possess a slight 
affinity for compounds of related chemical structure. The second 
copy enables mutations to accumulate, which are not immedi- 
ately constrained by selection. An ideal mechanism for 
accelerated enzymatic adaption to novel substrates is suggested 
by the observation that the genes for catabolic enzymes are 
carried on extrachromosomal elements ?''5, 

In the present study, Ps. sp. B13 acquired the ability to utilise 
novel substrates like 4-chloro- and 3,5-dichlorobenzoate by 
conjugation with Ps. putida mt-2. The initial turnover of the 
halogenated benzoates was provided by the TOL plasmid-coded 
enzymes, whereas total degradation and utilisation was accom- 
plished by the halocatechol-degrading enzymes of the recipient 
strain. In addition, exconjugants were observed in which Ps. 
putida mt-2 seemed to have acquired the genes coding for the 
enzymes of halocatechol catabolism (our unpublished work). In 
general, the acquisition of the genes of halocatechol catabolism 
could overcome accumulation of toxic halocatechols which 
frequently occurs during co-metabolism of haloaromatics in 
arene or methylarene-utilising bacteria. We found the same 
enzymes for total degradation of halocatechols in other pseudo- 
monads which are capable of utilising a variety of haloaromatic 
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New catabolic activities for total 
degradation of haloaromatics: 
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Fig. 1 Concept for the 
construction of haloaro- 
matics degrading bacteria 
from  methylaromatic— 
OH e utilising strains апа 
Hal —9 Hal + CO, Pseudomonas sp. B13 
(Hal = halogen). 


compounds. These had been isolated from continuous adap- 
tation cultures in the presence of Ps. sp. B13. The combination 
of methylarene-utilising strains providing high co-metabolic 
activities for halosubstituted analogues by their initial enzymes, 
together with the halocatechol-degrading enzymes of Ps. sp. 
B13, could be a general concept for the construction of new 
strains (see Fig. 1) which could degrade halosubstituted ben- 
zenes, phenols, anilines and naphthalenes, totally. 

This work was supported by a grant of the Bundesminister für 
Forschung und Technologie, Fórderungskennzeichen 037111. 
We thank Ingrid Josuttis for technical assistance. 
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Selection of predation-resistant 
bacteria in continuous culture 


VARIOUS models of predator-prey interactions predict the 
occurrence of reciprocal oscillations in the densities of the 
predator and its prey’. Some models predict undamped, neu- 
trally stable oscillations (the Lotka-Volterra model), whereas 
others predict damped oscillations, the two populations gradu- 
ally approaching an equilibrium. Few attempts have been made 
to test these models, possibly because of the rarity of suitable 
experimental systems. The predatory bacterium Bdellovibrio, 
which preys on other bacteria, provides an ideal system in which 
predator-prey interactions can be studied in a convenient and 
accurate way. As part of a study of the ecology of Bdellovibrio? 
we have inoculated bdellovibrios into a continuous culture of 
prey bacteria growing in a chemostat. The introduction of the 
bdellovibrios was followed by reciprocal population oscillations. 
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Table 1 Comparison of Phosobactertum leiognathi E28 (original strain, 
ee а аы 


mixed cultivation with Bdellopibrio 
о А B 
t 
Cell morpbology Rod Rod Oval 
(pairs) (pairs) (in chains) 
Translucent Translucent Opaque 
Doubling time in batch 
culture* 22 min 23 min 36 min 
Maxima light intensity 
(quanta s^ mf?) in 
batch culture* 60x10! 88x10 18x10 
Bgellovibrio plating eR 
efficiencyt 1.0 1.0 «1.0x10^'t 
tım (time to reduce prey 
to half 
original size after 
mixing with 
ratio . 
of 1:10) 10.3 min 103mn · >60min- 


* On medium MPY (ref. 3). ' 

t Determined as described by Marbach et ai". 

Ee ee ee 
forming units were placed on the lawn. 


iius E EA so ears aad RO ata 


Instead, а new system evolved in which a bdellovibrio-resistant 


mutant was detected. 


The bacterium which served ай prey was the luminescent’ 


Photobacterlum leiognathi E28 (ref. 2). It was grown in a 
chemostat set to hold a carrying capacity оё 10* cells ml". After 
the culture reached a steady state, а small inoculum of the 
predator, marine Bdellovibrio BM4 (ref. 3), was introduced. 


10° z ы 10 





10' 


Viable count (cells ші!) 
3 
z n 
Luminescence (quanta s^! ml-t) 


-3 0 3 6 9 12 B- 
Tune (d) - 
Fig. 1 Growth of Bdellovibrio ВМА and Photobactertum letog- 


MPY (ref. 3) diluted 1: 15 and supplemented with streptomycin 
(100 ug ml ) to reduce the possibility of chance contamination 
with bacteria. The prey (О) was allowed to reach a steady state, 
then the flow was stopped and bdellovibrios (8) were inoculated 
and allowed to grow for 24 h in batch culture. At time zero the flow 
was turned on again and kept constant throughout the experiment. 
The triangles indicate the light intensity of the culture, measured by 
а photometer similar to the one described Бу Mitchell and Has- 
tings’. The arrow indicates the first appearance of mutant colonics 
on the plates. Viable counts were done as described by Marbach et 
al, using plates supplemented with streptomycin. 
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Figure 1 depicts the pattern of growth which followed: classical 
oscillations are apparent up to the sixth day (in this specific 
experiment); the pattern then changes, as the prey population 
which was initially homogenous, begins to show morphologi- 
cally different types of colonies. From this point the prey popu- 
lation consisted of two different genetic types—one resembling 
the wild type, having a strong bioluminescence (type A), the 
other being more opaque, and dark (type B). Single colonies of 
both types were streaked on agar and isolated into axenic 
cultures. Figure 2 shows the growth curve and the biolumi- 
nescence of the two types isolated from the chemostat, in 
comparison with the strain with which the chemostat was orig- 
inally.inoculated. Type A grows at a similar growth rate and 
emits light of a similar intensity to that of the original strain; type 
B grows at a slower rate and emits light at an intensity less than 
1% that-of the original strain. . 


Absorbancy (Klett units) 





6 0 


Tıme (h) 


Fig. 2 Growth curve and bioluminescence of Photobacterium 
letognathi E28 and of the two colony types isolated from the 
chemostat. C, The original strain inoculated into the chemostat; О 
type A; A, type B. All three cultures were grown in MPY medium 
in a shaking water bath at 26°C. Absorbance was measured in a 
К1ен-Бшпегюп photometer шїп filter no. 42. 


When a suspension of each of the two types was mixed 
with the bdellovibrios (at a ratio of 10 bdellovibrios per prey 
bacterium), type A cells were immediately attacked and 
penetrated, as observed under the phase-contrast microscope, 
while type B cells remained untouched by the bdellovibrios. 
Death of the type A photobacteria followed the attack by the 
bdellovibrios (Table 1). 

Plaque assay gave a similar picture: the efficiency of plating of 
the same bdellovibrio suspension on lawns of type B was at least 
107 times lower than on type A or on the original strain (Table 
1). 

In summary, à two-membered culture of a Bdellovibrio and a 
fast-growing susceptible prey evolved into a three-membered 
culture containing bdellovibrios, a prey type similar to the 
original, and a dark mutant, which. grows more slowly and is 
resistant to the bdellovibrios. The different growth rates of the 
luminous bacterium and its dark mutant would exclude the 
possibility of their coexistence in the chemostat unless there is an 
interaction between the two strains. Indeed, when the two were 
inoculated together in a chemostat operating in the same condi- 
tions as the three-membered culture, but without the bdello- 
vibrios, type A was maintained in a steady state, while type B 
was washed out. The resistance of the dark mutant to the 
bdellovibrios would not allow the latter to reproduce so the 


388 


coexistence of predator and mutant is also unlikely. However, a 
mutant with slower growth rate and greater predation resistance 
may be able to coexist with the wild type and its predator in a 
stable three-membered system. The stability of such a system 
has been theoretically predicted by Cramer and May‘ who, using 
simple three-species mathematical models, showed that a two 
prey-one predator system could be stable in circumstances 
where the two-prey system would in the absence of predation be 
unstable due to competition. 

The possibility of coexistence of a predator and its prey in a 
homogenous environment has also been questioned?. Van den 
Ende’ studying the interaction of a protozoan predator (Tetra - 
hymena pyriformis) and its bacterial prey (Klebsiella aerogenes) 
in continuous culture concluded that the coexistence of the two 
organisms was due to spatial heterogeneity created in the system 
by the prey bacteria. No such heterogeneity could be observed 
with the photobacteria, which were homogenously dispersed in 
the growth vessel; their persistence could be explained by the 
presence of the slow growing and predation-resistant mutant. 

Although Bdellovibrio has been known and studied for 16 
years, this is the first report of the isolation of bdellovibrio- 
resistant mutants. Apparently, conditions prevailing in batch 
cultures do not allow the evolution of such mutants, while 
growth in a chemostat in the conditions used in this study 
repeatedly resulted in their appearance. 

I thank Miriam Fine and Anat Stein for technical assistance 
and B. P. Zeigler for helpful discussions. This work was suppor- 
ted by the Deutsche Forschungsgemeinschaft. 
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Unusual maternal fetal blood 
glucose concentrations in Weddell seal 


FETAL whole blood glucose levels are usually lower than, and 
fluctuate with, maternal levels. That is, a favourable concen- 
tration gradient is maintained to allow for the facilitated transfer 
of glucose across the placenta from mother to fetus’*. This 
situation is apparently reversed in the Weddell seal. The 
concentration of glucose in maternal whole blood is lower than 
that in fetal blood during at least three metabolic states: in the 
restin ing state, in simulated diving, and in recovery from 
diving’. We report here that one factor contributing to this 
unusual relationship between maternal and fetal blood glucose 
is the relatively low gradient between normal blood levels in 
fetus and mother. This is made possible by high haematocrit 
values and a low turnover of glucose in both parent and fetus. 

Five pregnant Weddell seals (Leptonychotes weddelli) weigh- 
ing 450—500 kg were captured on the fast ice near Ross Island, 
Antarctica and taken to the Eklund Biological Laboratory at 
McMurdo Station. Intermittent blood samples were obtained 
from indwelling maternal and fetal catheters implanted as pre- 
viously described‘. Samples of blood (2 ml) were added directly 
to perchloric acid and treated as before*. Glucose levels in 
neutralised perchloric acid extracts were determined using the 
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Maternal blood glucose (ито! mi~?) 





Fetal glucose (umol ml- !) 


Fig. 1 A plot of glucose concentrations in whole blood of five 

maternal-fetal pairs. The different symbols refer to different pairs. 

Blood samples were taken before, during and after simulated 

diving. The highest glucose values were obtained after intravenous 
infusion of glucose. 


hexokinase assay’. In several fetal and maternal extracts, 
glucose was determined also by the glucose oxidase method, the 
Benedict assay system and by an automated glucose analyser 
with a linear response over the range 5-50 pmol ml”. All three 
assay procedures yielded the same fetal-maternal differences 
and the same absolute glucose concentrations. To exclude the 
possibility of the presence of an unusual sugar, whole blood 
extracts were analysed by gas-liquid chromatography‘. Glucose 
was the only major sugar present in maternal and fetal blood; 
fructose, galactose, mannose, and ribose did not occur in 
measurable concentrations. The possibility of a significant 
amount of fructose was also excluded by enzymatic tests using 
fructose kinase and hexose isomerase to convert fructose to 
glucose-6-phosphate and then assaying the latter with glucose- 
6-phosphate dehydrogenase. Establishing the absence of fruc- 
tose was considered important because of its reported occur- 
rence in cetaceans’. Insulin was measured by radioimmunoassay 
with porcine insulin serving both as the antigen in the pre- 
paration of antibodies and as the standard’. 

Under resting and fasted conditions (in captivity for at least 
12h), maternal whole blood glucose concentrations ranged 
between 4 and 6 mol ml"! compared to 5—8 pmol ml"! in fetal 
whole blood. Similar levels were found in samples drawn from 
undisturbed seals asleep on ice. Although the fetal concen- 
trations were consistently higher than maternal ones, the two 
values tended to fluctuate in unison (Fig. 1). 

To better understand how maternal and fetal blood glucose 
levels are regulated, a glucose load (1.5 g per kg of estimated 
maternal body weight) was infused over a period of 20 min into 


Table 1 Fractional distribution of glucose between plasma and 
red blood cells in the maternal and fetal Weddell seal compared with the 





sheep 
Glucose Ratio 
(umol т^?) plasma: 
Whole Red red 
Species Condition blood Plasma cells сеш 
Weddel seal 
(adult) Pre-infusion 3.1 7 0.5 14 
60 min postinfuslon 13 5 30 ‚25 12 
Weddell seal 
(fetus) Pre-infusion 3.5 6 2.4 2.5 
60 min post-infusion 15.8 22.5 12.9 1.7 
Sheep (adult) Post-prandial 2.5 0.3 8.3 
Sheep (fetus) 0.7 0.2 3.5 
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the maternal circulation of three pregnant seals. In all three 
animals, the maternal concentration of glucose in both whole 
blood and plasma rose to values that exceeded those in the fetus 
throughout the infusion and for a short period after it was 
completed, but within 20—40 min fetal blood glucose levels were 
again higher than in the mother (Fig. 2a, b). The plasma concen- 
tration of insulin increased sharply in both mother and fetus 
~15 min after the rise in glucose levels (Fig. 25). In the fetus, the 
concentrations of plasma glucose and insulin followed similar 
patterns but in the mother, insulin levels remained elevated for 
at least 5h after glucose infusion although glucose concen- 
trations were falling. 


Blood glucose (то! ml- !) 


Insulin (uU тї!) (A,A) 


Plasma glucose (ито! mi~?) (O,@) 





20 40 60 


120 380 240 300 
Time (min) 


Fig.2 a, Maternal (О) and fetal (8) concentrations of glucose in 

whole blood following intravenous infusion of glucose 1.5 g per kg. 

Time zero indicates the end of the 20 min period of infusion. 5, 

Maternal glucose (©) and insulin (A) and fetal glucose (6) and 

insulin (A) concentrations in plasma from the same glucose 
tolerance test as shown in (a). 


As in other mammals, glucose levels are higher in maternal 
plasma than in fetal plasma and glucose moves from maternal to 
fetal blood down a concentration gradient. The unusually high 
glucose content of fetal whole blood relative to the mother arises 
several factors. First, the gradient across the placenta is 

small (~2 pmol mI!) despite the use of arterial samples which 
would tend to exaggerate the apparent gradient. This is parti- 
cularly so after glucose infusion when the gradient disappeared 
for 2 h (Fig. 25). Second, the ratio of glucose concentrations in 
` red celis to those in plasma in the mother is unusually low 
whereas that of the fetus is similar to other species (Table 1). 
Finally, the haematocrit of both mother and fetus is high (~60% 
and 7096 respectively) which has the effect of increasing the 
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ratio of plasma: whole blood concentration of glucose, especi- 
ally in the mother. 

Whereas a high haematocrit increases the O, carrying 
capacity of the blood, it clearly reduces the glucose carrying 
capacity although to a lesser degree in the fetus because of the 
greater entry of glucose into fetal red cells. The sustained 
hyperglycaemia after glucose loading (Fig. 25) suggests that the 
rate of glucose turnover in the adult seal is low. Likewise, the 
small gradient of plasma glucose concentrations across the 
placenta suggests a low turnover rate in the fetus. Thus, neither 
mother nor fetus is likely to be disadvantaged by having a 
relatively low carrying capacity for glucose in the blood. 

Supported by NSF grant 19054 from the Division of Polar 
Programs to W.M.Z., a grant from the Danish Research Council 
to J. Qvist, and a grant from the NRC of Canada to P.W.H. We 
thank the NSF, Holmes and Narver Ltd, and US Naval Task 
Force 199 for support and assistance. P.W.H. held a Guggen- 
heim Memorial Fellowship during this study. 
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Immunisation against gametes 
and asexual erythrocytic 
stages of a rodent malaria parasite 


INVESTIGATIONS into the feasibility of vaccinating against 
malaria have centred mainly on the use of the sporozoite!? or 
the asexual blood stages* *. Immunisation using sexual stages of 
malaria parasites has been demonstrated with Plasmodium 
gallinaceum in chickens", Gamete vaccines have been used to 
produce an effective immunity against transmission of the avian 
malaria parasite, with little or no effect on its asexual eryth- 
rocytic stages. More recently, this study has been extended to P. 
knowlesi infections in rhesus monkeys’; transmission-blocking 
immunity and resistance to asexual infection were obtained, but 
were fully effective only when the vaccine was combined with 
Freund’s complete adjuvant. We report here successful 
immunisation of mice against the sexual stages of P. yoelii using 
formalin-fixed gametes. In addition to very effective trans- 
mission-blocking immunity, the vaccinated mice were strongly 
protected against asexual erythrocytic stages of the parasite. 

Eight-week-old female outbred Theiler’s Original (TO) mice 
were used as vertebrate hosts. The parasite, P. yoelii nigeriensis, 
was cryopreserved (stabilate reference LUMP 1316) soon after 
cyclical transmission through the vector Anopheles stephensi. 
Parasites from the first passage from the vector were used for 
initiating an infection. 
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P. yoelii preferentially invades reticulocytes. Mice were made 
anaemic with three subcutaneous injections of phenylhydrazine 
and infected intravenously (i.v.) with parasitised red cells. As a 
result of the induced reticulocytosis, the parasitaemia гове to 
70-80% with 0.5-1.5% of gametocytes. Mice were bled by 
cardiac into 50 volumes of a suspended animation (SA) 
solution (0.21%. Tris, 0.96% NaCl and 0.2% glucose, adjusted 
to pH 7.4) in which gametogenesis was reversibly suppressed*’. 
The suspension was centrifuged at 500g for 10 min and the red 
cells were nded in a gamete-releasing medium’ (2.5 vol 
of 5% NaCl, 2.5 vol of 10% glucose, 20 vol of 1.46% NaHCO, 
and 100 vol of inactivated fetal calf serum, adjusted to pH 8.0) in 
a proportion of 1:3 v/v, and the pH readjusted to 8.0. After 
30 min at room temperature gametogenesis was complete and 
the suspension was centrifuged at 500g for 10 min. This pro- 
cedure was repeated four times, resuspending the packed 
material in SA solution, so as to recover as many free gametes аз 
possible. The pooled supernatants were centrifuged at 18,000g 
for 20 min and the pellet containing gametes was suspended in a 
solution of 1.0% formalin for 30 min at room témperature. The 
gametes were washed three times in SA solution at 18,000g. 
After the final wash, counts were made on a haemocytometer 
using a phase contrast microscope, and adjusted such that 0.2 ml 
contained 2 x 107 male gametes. 

The vaccine contained, in addition to male and female 
gametes, asexual parasites which under the light microscope 
appeared to be frec of their host red cells, and occasional red cell 
‘ghosts’ and white cells. 0.2 ml of the vaccine contained 2 x 10? 





Time (d) 


Fig.1 Thecourse of patent perasitaemia (a) and 
(b) in vaccinated (8) and unvaccinated (O) mice. 
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Table 1 Оосуй production. Di mosquitoes ва On хараа ала 


unvaccinated mice 
Unvaccinated mice Vaccinated mice 
Day No. of oocysts per Mean no. of Мо. of oocysts 
10 mosquitoes oocysts per per 10 
mosquito mosquitoes 
Expt Expt 
1 2 3 1, 2 and 3 
1 0 0 0 0 0 
2 114 1,638 2,162 130.4 0 
3 496 498 1,287 76.0 0 
4 1,406 40 0 48.2 0 
5 0 62 0 2.0 0 
Total 2,016 2,238 3,449 
counts 


In each experiment, 3 vaccinated and 3 unvaccinated mice were given 
a blood-induced challenge infection. Batches of mosquitoes were fed on 
each group of mice on days 1-6 of the infection. The mosquitoes were 
maintained at 24 °С and oocyst counts were done 1 week later. 


male gametes, 6-8 x 10° female gametes and 105-105 asexual 
parasites. 2X10’ male gametes were obtained from 5.0 ml of 
infected blood. Each mouse received three doses of the freshly 
prepared vaccine i.v. at weekly intervals, that is, a total dose of 
6x10" male gametes. One week after the final dose of the 
vaccine, vaccinated mice and an equal number of age- matched 
control mice were inoculated i.v. with 2x 10° parasitised red 
celis. Thin blood films were made daily, stained with Giemsa and 
the parasitaemia and gametocytaemia ascertained. On days 1-6 
after challenge, mosquitoes were fed on vaccinated and control 
mice, one cage per group. Any unfed female mosquitoes were 
removed from the cages and 1 week after feeding, 10 mosqui- 
toes from each cage were dissected and the midguts examined 
microscopically for oocysts. 

Results were obtained from three separate experiments 
involving nine vaccinated and an equal number of control 
animals. The infection was fatal in all but one of the control 
mice. Death of the control mice occurred either on days 6 and 7, 
with parasitaemias of 20-3096 (Fig. 1a) or on days 18 and 19, 
with peak parasitaemias of 50-60%. In contrast, the vaccinated 
mice were apparently taemic by day 12, with an average 
clearance time of 8.8 d. The highest parasitaemia recorded in 
the vaccinated mice was 3.196, on day 4 (Fig. 1a). The 
average gametocyte counts are represénted in Fig. 15. Mosqui- 
toes fed on control mice had high total oocyst counts, these being 
derived mainly from feeds taken 2, 3 or 4d after challenge. 
Mosquitoes fed on vaccinated mice showed no oocysts at all in 
their midguts throughout the infection (Table 1). 

These experiments demonstrate a very effective immunity 
which blocks transmission. It does not require the use of an 
adjuvant and we are now investigating whether fewer gametes 
and/or smaller numbers of immunising doses can be used; 
preliminary studies indicate that a single dose can be equally 
effective. Immunity to asexual erythrocytic stages, though not 
complete, was also pronounced, manifested by a significant 
lowering of parasitaemia and a 100% survival as compared to 
the control mice, in which the parasitaemia was higher and the 
infection fatal in almost all of the mice. Gwadz and Green? used 
a gamete/trophozoite antigen mixture in their experiments with 
Р. knowles! and this also induced immunity against asexual 
parasites. There are two possible explanations. First, 
contamination of the gamete vaccines with asexual stages might 
be responsible. Experiments by Playfair et aL. and our own 
experience (unpublished) with saponin-lysed, formalin-fixed 
asexual stage parasites used as a vaccine without an adjuvant, 
have resulted in an effective immunity to blood-induced Р. yoelil 
infections. The alternative proposition would be that gametes 
protect against asexual stages because they have protective 
antigens in common. 
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It is encouraging that such an effective block on transmission 
is possible by vaccinating with a relative crude antigen pre- 
paration, and without the need for an adjuvant. Further 
improvements both in methods of vaccine preparation and in its 
presentation are possible. 

We thank Pat Graves for help with the insectories and Ranjna 
Bhojnani for technical assistance. K.N.M. is supported by a 
Commonwealth Tropical Medicine Research Studentship. 
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Changes in ocular dominance induced 
in monocularly deprived lambs 
by stimulation with rotating gratings 


AMBLYOPIA in children aged about буг can be rapidly 
diminished by stimulating the amblyopic eye alone with rotating 
disks of square-wave gratings’. Such exposure for four periods 
each of 7 min has brought many of the patients up to 6/6 acuity, 
in some cases, after 'patching' of the good eye had been largely 
ineffective. However, in children of this age, the ‘critical period’ 
has probably passed. We decided to study the effects of present- 
ing rotating gratings during the critical period, when the visual 
system is known to be acutely sensitive to visual deprivation. 
Could changes in the ocular dominance of cortical neurones be 
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induced even in the relatively unfavourable conditions of 
moderate to light anaesthesia? We report here that monocular 
deprivation of 2-3 din young lambs results in a marked decrease 
in the number of cells in the primary visual cortex which can be 
stimulated through the deprived eye, but that this can be rapidly 
increased by subsequent brief exposure of the deprived eye to a 
rotating square-wave grating. We chose to work on lambs and 
a pygmy goat in which one eye had been closed for a few days 
shortly after birth because we thought that such treatment would 
leave few cells driven initially by the deprived eye. As the visual 
cortex at that time is showing its greatest plasticity, it seemed 
likely that short exposures to the gratings would then have their 
greatest effect on the ocular dominance. Others had used 
repeated stimulation by moving bars on single cells of normal 
animals, but had obtained rather slight and transient effects’. 
We hoped to obtain reasonable changes in eye dominance 
during the limits of single acute experiments. Seven animals 
were used. They had normal binocular visual experience until 
the 4th day of life and were then monocularly deprived for either 
2 (nos 1—4) or 3 (no. 5) d, after which they were anaesthetised 
and used for the experiment. 

In the earlier experiments we anaesthetised the lambs and 
pygmy goats with 296 halothane followed by intravenous (i.v.) 
pentobarbitone, 10 mg per kg per h, for surgical anaesthesia, 
and 0.5—3.0 mg per kg per h pentobarbitone during recording. 
Although we gave the least pentobarbitone necessary during 
preparation for full anaesthesia, the blood pressure usually 
began to fall in these animals within 3—4 h and i.v. dextran was 
only temporarily effective in raising the blood pressure. The 
animal tranquilliser acetylpromazine (Crookes) was used to 
reduce the total dose of barbiturate given, but infusion was often 
necessary to maintain blood pressure. This had no observable 
effect on cortical responses and it does not cross the blood—brain 
barrier. In later experiments we used Althesin (Glaxo) 
0.1 mi per kg, i.v., repeated as required, for surgical anaesthesia, 
followed for recording by 0.5-3.0 mg per kg perh pentobar- 
bitone with 6096 О„, 40% N, mixture. The blood pressure in 
these experiments was well maintained without other assistance, 
and the cortical responses during the earlier hours of recording 
were much brisker. These difficulties are peculiar to lambs and 
kids between 3 and 14 d after birth. 

To prevent large sampling errors, we avoided penetrations 
normal to the surface. Penetrations on the medial side of the 
ectolateral sulcus gave tracks in V1 of up to 3.5 mm long, usually 
parallel to the cortical surface. On average we sampled from six 





Table 1 Summary of ocular dominance distribution in the seven experimental animals 





Days after birth 
Left eye 
Animal no shut Mapped 

1(L27)* 4 15 Pre-stimulation 
Post-stimulation ` 

2 (L 28) 4 22 Pre-stimulation 
Post-stimulation 

3 (PG 2) 4 6 Pro-stimulation 
Post-stimulation 

4(L32)* 5 7 Pre-stimulation 
Post-stimulation 

5(L33)* 6 8 Pre-stimulation 
Post-stimulation 

6 (L34)* 7 9 Pre-stimulation 
Post-stimulation 

7 (L 30) 6 8 Pre-control 
Post-control 


No. of units in 
Я ocular dominance groups 1-7 
1 2 3 4 5 6 7 
0 0 0 0 1 8 33 
5 5 1 2 4 10 28 
0 0 0 0 1 5 35 
1 4 0 7 3 23 69 
6 0 2 5 9 9 33 
6 6 5 7 11 14 16 
3 0 2 5 3 6 27 
9 8 9 12 11 19 33 
2 1 1 7 12 14 33 
29 6 9 4 2 20 29 
7 2 4 19 4 21 20 
15 10 8 8 3 14 8 
1 1 0 1 3 9 15 
0 2 1 2 1 4 8 





Ax’ test was used to test significance. L, Lamb; PG, pygmy goe 
* The difference between the pre- and post-stimulation 
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ocular dominance columns for each sample of 60-100 cells both 
before and after stimulation by the gratings. All ocular 
dominance distributions seen in animals deprived for 2-3d 
during the first week of life give very similar patterns (Table 1). 
Also, collecting 100 cells takes about Sh, and there is no 
statistical difference between the distribution of dominance in 
the first 50 and the last 50 cells collected, so that neither 
sampling nor the passage of time disturbs the distribution. 

Single unit recordings were obtained from the striate cortex 
contralateral to the deprived eye, for in a normal animal in this 
hemisphere the experienced eye would chiefly excite only 20% 
of the cells (ocular dominance groups 5-7, Fig. 2a. Tungsten-in- 
glass microelectrodes with impedances 1-5 M at 1,000 Hz were 
used?. Visual stimuli were hand-held targets moved against a 
screen 90 cm from the eyes. Unit properties such as orientation 
specificity (through each eye) and receptive field type were 
recorded, but we concentrated mainly on ocular dominance, 
that is, the degree to which a cell could be driven through one 
eye or the other. 

Whether the responses were from visual areas 1 or 2 (V1 or 
V2) was determined during the experiment from the visuocorti- 
cal map produced and subsequently verified in histological 
sections. In these animals the effects of monocular deprivation 
for 2-3 d аге more marked in V1 than in V2, and so we describe 
only the units in V1. The presence or absence of spontaneously 
active but undrivable units was also noted. 

Except for the control animal (no. 7), the experimental pro- 
cedure was the same for each of the other four lambs. The 
deprived eye was opened and a large sample of single units was 








V 
lili (lh 


Fig. 1 High-contrast square-wave gratings used in the experi- 
ment to stimulate the deprived eye (see text). The spatial frequen- 
cies used were 8 cycles deg ' to $cycledeg . 
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Fig. 2 Ocular dominance histogram of a normal lamb (a) and 
summed histograms of the four monocularly deprived animals used 
in the grating experiment and mapped within 10 d of birth; before 
(b) and after (c) stimulation. The convention of Hubel and Wiesel” 
is followed: group 1, driven only through the contralateral eye; 2, 
contralateral eye is much more effective than ipsilateral eye; 3, 
contralateral eye slightly more effective than ipsilateral eye; 4, the 
cell can be driven equally through either eye; 5, the ipsilateral eye 
slightly more effective than the contralateral eye; 6, the ipsilateral 
eye is much more effective; 7, can be driven only through the 
ipsilateral eye. 


obtained from V1 during the first few hours. The experienced 
eye was then closed and the originally deprived eye was stimu- 
lated with rotating gratings for periods of 45 to 90 min. Six 
different spatial frequencies (ranging from 4 cycle deg™ to 
8 cycles deg™’, see Fig 1) were presented sequentially in random 
order during this period, each frequency for about 5 min at a 
rotation speed of 2r.p.m.. The whole procedure was then 
repeated at a faster rotation speed (4—6 r.p.m.). The grating was 
mounted on a circular disk and subtended at an angle of 35? at 
the eye. The deprived eye fixated the centre of the grating and 
was also its axis of rotation. The exact durations of stimulation 
varied between animals (see Fig. 1 legend). 

After grating presentation to the deprived eye, both eyes were 
closed for about 45 min to allow ‘consolidation’, as it has been 
reported that a short period of binocular deprivation may 
enhance the effects of selective visual experience*. Both eyes 
were then opened again and a new series of penetrations was 
made to obtain large samples of units. These data were then 
used for constructing the post-stimulation ocular dominance 
histograms. A striking shift in ocular dominance was produced 
by stimulation with rotating gratings. In the stimulated animals 
there was an increase in responsiveness of cortical cells to 
stimulation through the deprived eye, most marked in animal $S: 
These changes remained stable during the post-stimulation 
recording period (4—6 h). 
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Two control experiments were also carried out to determine 
whether the changes observed were specifically due to the 
presentation of gratings to the deprived eye. In lamb 7, the 
surgical procedure used was the same as in the other animals, but 
instead of presenting a rotating grating, the deprived eye was left 
open for 1 h (with the experienced eye closed) and was exposed 
to people walking around in the room. The pre- and post-control 
ocular dominance histograms in this animal were almost iden- 
tical. Also, from ocular dominance determinations at the 
beginning and end of 10 h of repeated visual testing of the two 
eyes, it is clear that mere passage of time under anaesthesia, 
even with repeated visual testing, does not produce a reap- 
pearance of units dominated by the deprived eye. 

Lamb 6 was also used for a control experiment. Our sample of 
neurones from the other four animals indicated the shift of 
ocular dominance to be expected from 2d of monocular 
deprivation; usually about 6-9% of the total number of 
neurones were chiefly excited through the deprived eye (ocular 
dominance groups 1, 2 and 3) as compared with 50% in the 
normal lamb (Fig. 2a). In lamb 6, we opened the deprived eye 
and closed the experienced eye, and then allowed the animal to 
walk around the laboratory for 1h 15 min to allow random 
visual stimulation of the initially deprived eye before anaes- 
thetising the animal for recording. Several penetrations were 
then made to obtain a sufficiently large sample of neurones for 
the ocular dominance distribution. 

The was a marked increase in the units driven equally well 
through either eye (ocular dominance group 4); this requires 
further investigation. However, the increase in cells dominated 
by the originally deprived eye was far less than that produced by 
exposure to the rotating grating for the same period in the other 
three animals. Hence, random visual stimulation of the deprived 
eye, even in a conscious animal, may be less effective than a 
rotating grating. This same animal was then exposed to a 
rotating grating with only the deprived eye open, and there was a 
sharp rise in the number of cells driven by the deprived eye. 

Ít is not yet clear whether rotating gratings are the optimal 
stimuli for producing changes. Experiments on kittens suggest 
that changes in ocular dominance after reverse suturing begin 
only after 3 d of visual stimulation’, and it would be of interest to 
replicate our experiments using kittens. However, we were not 
concerned to find the optimal stimulus to reverse the effects of 
deprivation, but rather, a rapid way of increasing the proportion 
of cells driven by the deprived eye. Banks ef al.’ found that the 
effect could be produced in children in whom the critical period 
had probably ended. In two later experiments in monocularly 
deprived lambs however, the effect could not be obtained after 
the end of the critical period. Although the revolving grating 
increases ocular dominance in our animals and improves visual 
acuity in patients, this does not imply that the stimulation is 
acting on the same parts of the visual pathway in both cases. 

We therefore conclude that ocular dominance can be changed 
in periods at least as brief as 1 h, even in an anaesthetised 
preparation. The mechanism underlying this change in ocular 
dominance is at present obscure. Experiments are in progress to 
find out whether the effects of stimulating one portion of the 
visual field of the deprived eye with a grating may spread to 
adjacent regions within the same field, and not remain confined 
to the stimulated area alone. This would tell us whether some 
central diffuse excitatory mechanism is involved. The prep- 
aration would also be useful for studying such pharmacological 
effects as reported by Kasamatsu and Pettigrew’. 

Because of its rapidity of onset and long duration, this effect 
may provide a neurophysiological approach to understanding 
the nature of some long-term changes in the central nervous 
system, 
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Dexamethasone-induced accumulation 
of a fibronectin and collagen 
extracellular matrix in 


transformed human cells 


NUMEROUS differences have been demonstrated between 
normal and transformed cells in culture. One characteristic 
finding is the presence of a 2-2.5 x 10? molecular weight exter- 
nally disposed glycoprotein (fibronectin) on normal cells and its 
absence from cell surface association in transformed cells (see 
refs 1-3 for reviews). Transformed human cells are known to 
synthesise and shed fibronectin, although at a much lower rate 
than comparable normal cells**. Studies using immunofluores- 
cence or immunoperoxidase methods have demonstrated 
fibronectin in pericellular structures of fibroblasts and myoblasts 
in what we have termed an extracellular filamentous matrix®. In 
transformed cells that are producing fibronectin, though at a 
lower rate, there is a failure to incorporate the glycoprotein into 
the extracellular matrix. There is also a similar failure to 
incorporate collagen into a cellular matrix in transformed 
fibroblasts". The function of this protein, fibronectin, is thought 
to be related to cellular adhesiveness and perhaps thereby have 
some role in cell shape. Transformed cells are less adhesive to 
each other and to substrates when grown ín vitro and upon 
addition of exogenous fibronectin there is a concomitant 
increase in adhesiveness and change in cell shape". There are 
many examples of glucocorticoids modulating differentiation 
some of which include, liver'?, pancreas'', mammary gland", 
retina and myoblasts". Recent work in the exocrine 
pancreas’' suggests that glucocorticoids may induce specific 
enzymes without altering the level of general cellular proteins. 
Glucocorticoids have been shown to stimulate proliferation in 
growth arrested cells? and modify in a synergistic or inhibitory 
manner cellular responses to other hormones. We report here 
the effects of dexamethasone on modifving one phenotypic 
characteristic of cells, namely the occurrence of an extracellular 
filamentous matrix consisting of fibronectin and collagen. Based 
on the old hypothesis that transformed or malignant cells are 
arrested in differentiation, we consider development of the 
matrix a manifestation of the differentiated state of fibroblasts. 

Using the peroxidase-antiperoxidase (unlabelled antibody 
enzyme) method of immunocytochemical localisation, trans- 
formed cells are shown to lack an extracellular filamentous 





Table 1 DNA levels of SV4O transformed human fibroblasts 








Dexamethasone 


Control (ме DNA per plate) 
Days of culture (ug DNA per plate) 1077 M 10°°M 
0 11.06 — == 
1 24.89 25.58 23.51 
2 51.86 52.55 48.40 
3 99.57 98.88 102.33 





Cells were grown as described in Fig. 1 and DNA assay was performed 


as described previously!^. 
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matrix which reacts with fibronectin antibodies at either the light 
(Fig. 1a) or the electron microscopic level (Fig. 15). Following 
treatment with 1075-10 * M dexamethasone a distinct cluster- 
ing of fibronectin forms around and adherent to these cells (Fig. 
1c, d). This matrix begins to form as early as 24 h after treatment 
and becomes more pronounced with time in the presence of 
dexamethasone and increased cell density. The localisation 
appears most extensive at concentrations of 10 7-10 ^M 
dexamethasone, whereas at 10^? M, staining intensity drops to 
control levels where very little staining is seen as on untreated 
cells. Light and electron micrographs were taken following 3 d 
of treatment with dexamethasone. Ultrastructurally the peri- 
cellular localisation of fibronectin is seen in dexamethasone- 
treated cultures (Fig. 1d) where none existed in untreated 
control SV40 transformed human fibroblasts (Fig. 15). When 
the specific antibody is adsorbed with fibronectin before reacting 
with dexamethasone treated cells, no reaction is seen, indicating 
the specificity of the reaction (Fig. le, f). 

Using the peroxidase-antiperoxidase method we also ob- 
served the failure of transformed cells to produce a collagen 
matrix as seen at the electron microscopic level (Fig. 2a). 
Normal cells produce a well defined matrix of collagen that can 
be detected ultrastructurally with either the unlabelled anti- 
body-enzyme method or ferritin coupled antibody (Furcht et al., 
in preparation). When the dexamethasone-treated transformed 
cells (10-1074 M) are examined with immunocytochemistry 
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using antibodies to procollagen type I (which are known to 
cross-react with collagen type I) collagen is also observed to 
form a fibrillar matrix as seen at the electron microscopic level 
(Fig. 2b). The concordance of the development of a matrix of 
fibronectin and collagen is quite similar to ultrastructural 
Observations we have made using double antibody labelling at 
the ultrastructural level on normal human fibroblasts (ref. 16, 
Furcht et. al. unpublished). 

We were next concerned about the effect of dexamethasone 
on cell proliferation and examined the effects of dexamethasone 
on DNA accumulation per day in cultures and found no 
difference between dexamethasone-treated (10 "-10 * M) and 
control transformed cells (Table 1). 

A recent study has examined the effects of various hormones 
on fibronectin of the murine continuous cell line 3T3. The 
studies of Chen et. al. show that when murine 3T3 cells are 
grown in low serum they lose fibronectin-like protein from their 
surface. It was further suggested that epidermal growth factor 
(EGF) could specifically induce the formation of a fibronectin- 
containing matrix on serum depleted 3T3 cells and that this 
effect was blocked by addition of antibodies to EGF. A variety 
of other hormones, including cortisol, were also tested which 
had no effect on fibronectin on 3T3 cells grown in low serum". 
Our data differs in that we very clearly show an accumulation of 
fibronectin and collagen in transformed human cells treated with 
dexamethasone. 





Fig.l Light (a,c,e) and electron (6,d,f) micrographs illustrating fibronectin accumulation on dexamethasone-treated SV40 transformed human 
fibroblasts. Cells are skin fibroblasts from a patient with Fanconi's syndrome which were transformed with SV40. The untransformed counterpart 


of the Fanconi fibroblasts has a normal distribution of fibronectin and procollagen type 1 identical to that seen in normal untransformed 
fibroblasts’. Cells were plated in Dulbecco’s modified Eagle's medium (DMEM) with 10% fetal calf serum. After one day medium was changed 
to either regular DMEM with serum supplemented with 10?-10^* M dexamethasone. Three days after the medium change samples were fixed 
with 1% glutaraldehyde (Electron Microscopy Sciences} in phosphate buffered saline for 20 min at 37°C. Fibronectin and collagen were 
localised using our modification of the unlabelled antibody-enzyme method described previously’. Fibronectin adsorbed antifibronectin was 
used as the primary antibody for adsorption controls. Adsorption of fibronectin antibody is as described®. Results presented are of cells treated 
with 10°’ M dexamethasone. Light micrographs are taken of whole cells grown on Falcon tissue culture dishes after reaction with antibodies and 
immunocytochemical staining using an Olympus BH microscope equipped with an OM-10 automatic camera. Cells are then embedded in stiu 
with Epon, thin sections cut, and viewed without counterstaining in a Philips EM 300 as described”. a, No fibronectin localisation is apparent on 
transformed human fibroblasts grown in DMEM with serum (x 130). b, Ultrastructural fibronectin localisation of transformed cells grown in 
DMEM with serum. Sparse staining is seen at sites of cell-cell contact and in general is lacking from the cell surface (3,800). c, A matrix of 
fibronectin localisation surrounds cells which have been treated with 107" M dexamethasone (arrows, х130). d, A dense staining is seen between 
cells which were treated with 107” M dexamethasone (x3,600). e, No staining is seen if dexamethasone treated cells are reacted with fibronectin 
adsorbed antifibronectin as the primary antibody (x130). f, Fibronectin adsorption control. No staining is seen at the ultrastructural level 
(x3,400). 
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It is important to consider a number of points of difference 
between work by other laboratories and our studies where we 
use: (1) human cells; (2) transformed cells which do not make 
fibronectin in a matrix normally; (3) normal culture conditions 
of medium and serum. This is to be contrasted to the rather 
artificially induced loss of fibronectin which occurs in serum 
deprived 3T3 cells". As fibronectin is routinely present on 313 
cells, reproduction of its loss with serum restriction could be 
subject to numerous difficulties. The cell type of a 3T3 is really 
unknown with speculation ranging from an endothelial cell!* to 
a fibroblast, with also the potential to differentiate into an 
adipose cell with lipid accumulation (3T3-LI)'?. Furthermore, 
3T3 cells will form tumours if they gre attached to a substrate 
and injected into immunosuppressed animals, raising the ques- 
tion of the propriety of using these cells as ‘normal’ celis. 


г g : SU 





Fig.2 Electron micrographs of thin sections illustrating 
immunocytochemical localisation of procollagen type І. Either 
affinity purified antibodies to procollagen I or the IgG fraction of 
antiserum to procollagen I was used with similar results. This 
antiserum also cross-reacts with collagen (Furcht et. al. submitted). 
Cells were treated as described in Fig. 1. a, Transformed human 
fibroblasts grown in DMEM lack a collagen matrix (x5400); b, 
transformed human fibroblasts grown in DMEM supplemented 
with 1077 M dexamethasone form а collagen matrix identical to the 
fibronectin matrix seen in Fig. 1d (x5,400). 


Several mechanisms should be considered for the 
dexamethasone stimulated accumulation of fibronectin and 
collagen associated on the cell surface of transformed human 
cells. First, recent studies have shown that the translatable 
mRNA for fibronectin and collagen is decreased in transformed 
cells?! and perhaps dexamethasone is stimulating synthesis of 
this glycoprotein. Second, dexamethasone may effect whatever 
the processes are governing the polymerisation of fibronectin 
and adherence to cells so that more of the fibronectin and 
collagen synthesised remains or becomes adherent to cells. 
Based on the known interaction of fibronectin and collagen this 
might also involve collagen. Third, dexamethasone may modity 
the breakdown of fibronectin through modulating effects of 
hormones or proteases. With regard to this, surface associated 
fibronectin is very sensitive to protease degradation by trypsin 
and plasmin”. In relationship to this study, many transformed 
cells have elevated plasminogen activator levels? and other 
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work has shown that dexamethasone will inhibit plasminogen 
activator levels in macrophages and transformed Я 
Lastly, dexamethasone is known to modify prostaglandin 
biosynthesis”, possibly by release of their precursor, aracadonic 
acid, or by some mechanism including transcription and trans- 
lation. Therefore, prostaglandins in some unspecified way may 
be related to the dexamethasone-induced accumulation of 
fibronectin on transformed human cells. 

In summary, if one postulates that the presence of fibronectin 
and collagen in normal substrate-attached fibroblast cells 
represents the differentiated state then the absence with trans- 
formation represents an arrest or blockade of differentiation. 
Based on this postulate it would then appear that 
dexamethasone treatment of transformed cells is capable of 
overcoming this arrest of differentiation as manifested in these 
two phenotypic traits, and results in the accumulation of 
fibronectin and collagen in transformed human cells. 
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Possible behavioural function 
for noradrenaline—acetylcholine 
interaction in brain 


IN the peripheral nervous system, acetylcholine (ACh) acts on 
presynaptic muscarinic receptors to inhibit the release of 
noradrenaline (NA) from nerve terminals and by way of nico- 
tinic presynaptic receptors to stimulate release’. A NA-ACh 
interaction has also been postulated^" to occur in the central 
nervous system (CNS). Cholinergic agonists decrease the levels 
of NA in various brain areas”, affect the release of NA in in vitro 
preparations"? and have similar effects in vivo as measured by 
increased metabolites of NA (ref. 2). A reciprocal interaction, 
that of NA modulating ACh release in the CNS does not seem to 
occur, according to evidence? available at present. We report 
here that depletion of forebrain NA by intracerebral injection of 
the selective neurotoxin 6-hydroxydopamine (6-OHDA) 
almost completely blocks the catalepsy induced by cholinergic 
agonists such as pilocarpine and arecoline?^ ^ and enhances the 
locomotor stimulation caused by the anticholinergic drugs sco- 
polamine and atropine ^^^. Although these actions have most 
usually been ascribed to an interaction with dopamine (DA) 
systems ^", our data show that functionally significant inter- 
actions between ACh and NA systems also occur. 

Forebrain NA was depleted by intracerebral injection of the 
selective catecholamine neurotoxin 6-hydroxydopamine (6- 
OHDA)'® into the dorsal bundle in which NA axons course from 
their cell bodies in the pontine nucleus locus coeruleus, to 
innervate wide areas of the forebrain such as cortex and 
hippocampus!???. The extent of the depletion achieved is 
shown in Table 1 for a representative group of animals used in 
the following behavioural studies. Post-mortem assay" of 
endogenous amines revealed that cortical and hippocampal NA 
were depleted to less than 5% of control values, and that 
hypothalamic NA was also severely reduced, but with little 
effect on brain dopamine or descending NA systems. 

The cataleptic effect of cholinergic agonists pilocarpine and 
arecoline is shown in Fig. 1. Each point represents a different 
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Fig. 1 Catalepsy induced in control and 6-hydroxydopamine 
lesioned rats. 4 pg 6-OHDA base (Regis, 6- OHDA HBr) dis- 
solved in 2 ш of 0.9% saline with 0.2 mg ml”? ascorbic acid, was 
infused through a 34 gauge cannula bilaterally at AP+ 2.6 mm, 
ML + 1.1 mm and DV + 3.7 mm from interaural zero, with the skull 
level between lambda and bregma. Controls received infusion of 
saline-ascorbic vehicle. Each point represents the mean of 10 
control (0) or 10 lesioned (IP rats and fresh groups of animals were 
used for different points on the dose-response curve of a given 
drug. a, Arecoline; b, pilocarpine; c, haloperidol. The drugs were 
dissolved in 0.9% saline and injected intraperitoneally (i.p.). In the 
case of pilocarpine, 1 mg per kg methylscopolamine was given ip. 
30 min before the pilocarpine, to block the peripheral effects of the 
drug which interfere with catalepsy measurement. Control and 
lesioned groups differed at the following levels of significance using 
a two-tailed Mann-Whitney U test, *595, **1%, ***0.1%, NS, not 
significant. 
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group of 10 control and 10 lesioned rats, as the effects of 
arecoline are reported to change with repeated testing'’. 
Catalepsy was measured by placing the animal's forepaws on a 
horizontal bar 7.5 cm above the ground and timing the period 
before the animal removed one or both paws to the ground. 
Saline-injected rats typically remove their paws within 10-15 s 
(Fig. 1). Both arecoline and pilocarpine induced considerable 
catalepsy in control animals, with times of up to 50s or 100s 
being required to remove the paws. Such catalepsy was almost 
totally blocked in the NA-depleted animals. Significant 
differences”? were found between control and lesioned groups at 
all doses used, except 5 mg per kg of arecoline, which failed to 
produce catalepsy even in controls. The catalepsy induced by 
haloperidol, a dopamine-receptor blocking agent failed to differ 
at any dose? used, in spite of the induction of considerable 
catalepsy in both control and lesioned groups. This suggests that 
noradrenergic interaction is specific for cholinergic mechanisms, 
since the lesion fails to alter either dopamine levels (Table 1) or 
dopaminergic function as tested by haloperidol (Fig. 1). 


Table 1 Postmortem assay of amine concentrations in control and 
6-hydroxydopamine lesioned rats 





Control Lesioned 
Region (п = S) (п = 5) %* 
Noradrenaline 
Hippocampus-cortex 26426 6+1 2 
Hypothalamus 2,240 x 77 590+ 87 26 
Cerebellum 21912 27148 124 
Spinal cord 25526 307 +12 120 
Dopamine 
Striatum 13,170+570 11,570 1,190 88 





Values are means in ng amine per g tissue, with s.e.m. 
* Percentage of control concentrations remaining in lesioned tissues. 


Cholinergic (muscarinic) antagonists such as scopolamine and 
atropine induced a mild locomotor stimulation. This was 
measured in photocell activity cages for a period of 2 h following 
drug injection. It can be seen from Fig. 2a and b that the 
representative doses used induced significant activity in controls 
compared with saline injections and that this waned with time. 
Although the initial locomotor stimulation over the first hour 
did not differ between controls and lesioned rats, an enhance- 
ment of the stimulant effect was evident in the second hour of 
testing. This was a central effect, since methylscopolamine, 
which does not cross the blood-brain barrier, failed to induce 
locomotor activity even in controls (Fig. 2c). Again, the 
noradrenergic interaction is specific to cholinergic systems, as 
the indirect dopamine agonist d-amphetamine, which is known 
to act through dopamine systems to cause locomotor 
activity'*"", did not differ between control and lesioned groups 
(Fig. 2d). 

The results suggest that cholinergic drugs modulate the 
activity of a noradrenergic system the function of which may be 
to influence the degree of behavioural arousal, as reflected by 
catalepsy at one extreme and locomotor stimulation at the other. 
Based on changes in sleep-wakefulness after 6-OHDA lesions, 
similar suggestions regarding the function of ascending 
noradrenergic neurones have been made by Lidbrink***. These 
behavioural findings also supplement biochemical observations 
that ACh can increase the release of NA in the CNS?". 

We tentatively propose the following model for the NA~ACh 
interaction. There is evidence for excitatory muscarinic recep- 
tors on noradrenergic cell bodies in the brain stem. It is known 
from microiontophoretic studies that the locus coeruleus has 
excitatory ACh receptors on its cell bodies?*, and may receive 
cholinergic input from neighbouring cell groups?" ?*. Choliner- 
gic stimulation in the vicinity of the locus coeruleus has also been 
found to induce atonia and catalepsy " ". In our model, the 
increased terminal release of NA that would result from the 
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Fig. 2 Locomotor stimulant effect induced in contro] and 6- 
hydroxydopamine lesioned rats. Values are mean beam 
interruptions per 10 min for 10 controls (0) and 10 lesioned (@) 
rats. a, 1 mg per kg scopolamine (upper lines), saline (lower lines). 
b, 10 mg per kg atropine. c, 1 mg per kg methylscopolamine; d, 
1 mg per kg amphetamine. All drugs were dissolved in 0.9% saline 
and injected r.p. following 1 h of habituation to the photocell cages. 
Control and lesioned rats were compared statistically by a repeated 
measures analysis of variance. 


cholinergic stimulation of the NÀ perikarya is a critical factor in 
producing the cataleptic response. Conversely, muscarinic 
antagonists would block the endogenous cholinergic activation 
of the NA cell bodies, thereby reducing the normal NA release, 
resulting in motor stimulation; a behavioural state opposite to 
catalepsy. The model might predict that dorsal bundle lesions 
would, by themselves, increase locomotor activity. That they do 
not, suggests that the anti-cholinergic drugs increase locomotor 
activity by actions on other neuronal systems in addition to the 
ascending NÀ projections. That is, rather than being due to 
decreased NA release alone, the locomotor stimulation induced 
by anticholinergic drugs seems to be a combined result of 
decreased NA release and actions on other, presently 
unspecified, systems. Similarly, although the ascending NA 
projections seem to play an essential part in muscarinic agonist- 
induced catalepsy, it is likely that concomitant cholinergic sti- 
mulation of other neuronal systems also contributes to this 
behaviour. 

Our results demonstrate for the first time the existence of 
functionally important interactions between central cholinergic 
and noradrenergic mechanisms, suggest a role of the 
noradrenergic system itself and delineate a possible locus of this 
interaction. 

We thank Betty Richter for technical assistance. This work 
was supported by the MRC of Canada. S.T.M. is an MRC 
of Canada Fellow. 
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Reduction in benzodiazepine receptors 
associated with Purkinje cell 
degeneration in ‘nervous’ mutant mice 


HIGH affinity benzodiazepine binding sites which are both 
stereospecific and saturable*® have recen-ly been characterised 
in the mammalian central nervous system (CNS). The good 
correlations obtained between the binding affinities of a series of 
benzodiazepines and their potencies as anticonvulsants, 
anxiolytics and muscle relaxants strongly suggest that these sites 
may function as pharmacological receptors for the benzo- 
diazepines'*. Although both the gross anatomical?" and sub- 
cellular distribution of these sites have been described, the 
cellular localisation of these sites is not known, nor has a direct 
functional link been established between penzodiazepine bind- 
ing sites and the neuropharmacological effects of these drugs. 
We now report that ‘nervous’ mutant mice, which undergo a 
selective loss of more than 9096 of their cerebellar Purkinje cells 
during maturation”, have a marked reduction in the number of 
cerebellar benzodiazepine receptors. This loss in benzo- 
diazepine receptors seems to be confined to the cerebellum, and 
is not accompanied by an alteration in the affinity of the receptor 
for diazepam. These data clearly demonstrate the loes of 
benzodiazepine receptors in a cell type which has been shown to 
be both neurochemically? and electrophyziologically!? sensitive 
to benzodiazepines, thus providing evidence that benzo- 
diazepine receptors function in the pharmacological actions of 
these 

Nervous (nr/nr), littermate (nr/ +), and normal (+/+) mice 
of the C3HeB/FeJ strain (Jackson Laboratories), 9-11 weeks 
old, were used in these studies. Nervcus mice were easily 
distinguished from littermates by a smaller size and charac- 
teristic ataxic gait. In addition, cerebellar weights were 
significantly reduced in the nervous mice when compared to 
littermate controls or normal mice (36: z.5 mg compared with 
5525.7 and 56: 5.0, respectively). No differences in forebrain 
weight were noted among the three groups. Mice were killed by 
decapitation, and the forebrains and cerebella dissected, 
weighed, and homogenised in 9 volumes of ice-cold Tris buffer 
(50 mM, pH 7.4). Incubation mixtures consisted of 40 yl of the 
10% (w/v) tissue homogenate, 360 pl of Tris buffer, 50 pl of 
*H-diazepam (79.8 Ci mmol’, NEN, diluted in Tris buffer), and 
50 Ш of water or unlabelled diazepam (final concentration 
3 ЬМ). Nonspecific binding, defined as the amount of *H- 
diazepam binding to tissue in the presence of 3 „М diazepam, 
was less than 10% total binding using corcentrations of diaze- 
pam near the Ką (compare refs 1, 11). Incu»ation conditions and 
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Table 1 Characteristics of *'H-diazepam binding in ‘nervous’ (nr/nr), littermate (+ / nr), and control (+/+) C3HeB/FeJ mice 


*Y-diarepam binding” (fmol per mg protein) Ka (nM) Bisex (fmol рег mg protein) 

Cerebellum Forebrain um Forebrain Cerebellum Forebrain 
Control (+/+) 415+10 (4) 424 +16 (4) 44 4.6 957 1,110 
Littermate (+ /nr) 398 +12 (4) 440+21 (4) 4.9 44 979 1,023 


Nervous (nr/nr) 295 +28 (4). 390 +24 (4) 3.9 4.5 668 1,075 


Values are means 24.0.1. with the number of animals in parentheses. Values for the Ky and B me were obtained from the pooled tissue of seven mice 


per group. 
* Binding obtained with 3.5 nM °H 
t P «0.02 compared to littermates, P « 0.01 compared to control mice. 





materials used for determination of *H-diarepam binding have 
been described elsewhere”? 

Preliminary experiments were performed using 3.5 nM °Н- 
diazepam, as this ligand concentration would reveal differences 
in either receptor affinity or number. The binding of *H-diaze- 
pam in cerebella of nervous mice was reduced 25 and 29% when 
compared with littermate and normal C3HeB/FeJ mice (P< 
0,02 and «0.01, vely) (Table 1). In contrast, no 
significant changes in -diazepam binding were observed in 
forebrain homogenates among the three (Table 1). Scat- 
chard analysis (Table 1, Fig. 1a) of "H-diazepam binding 
revealed a marked reduction in the maximum number of 
benzodiazepine binding sites (Ba) in nervous mutant cere- 
bella, with no apparent alteration in receptor affinity for *H- 
diazepam (Ka) (Table 1, Fig. 1a). Both the B,,, and Ka for 
*H-diazepam binding were nearly identical among the three 
groups of mice in forebrain homogenates (Table 1, Fig. 15). The 
reduction in benzodiazepine receptors observed in the nervous 
mice was manifest whether the results were expressed on a wet 
weight or mg protein basis. 

Benzodiazepines have profound neurochemical and elec- 
' trophysiological'? effects on cerebellar Purkinje cells, present- 
ing a model to assess the relationship between benzodiazepine 
receptors and the pharmacological effects of these drugs in a 
specific cell type. 

The dramatic reduction in benzodiazepine receptors observed 
in the cerebella of nervous mice, which suffer a selective loss of 
Purkinje cella, clearty identifles these cells as possessing both a 
large number and high density of receptors, as Purkinje cells 
represent only a minute fraction of the total cerebellar neurone 

. In contrast, ‘weaver’ mutant mice which undergo a 
selective loss of cerebellar granule cells, have been found to have 
no reduction in cerebellar benzodiazepine receptors (S. Snyder, 
personal communication). Heterozygous littermates (nr/+) 


and b, forebrain homo- 


saturation analysis of 
littermate (ar/ +) (Ш) and 
control (+/+) (A) mice 


resulted in nearly 
imp le — curves 
(compare Table 1). 


have binding characteristics indistinguishable from control 
animals (+/+), demonstrating the necessity for the phenotypic 
expression of this defect to be manifest (degeneration of 
Purkinje cejls) for a loss in benzodiazepine receptors to occur. 
The reduction in benzodiazepine receptors in cerebella of 
nervous mutant mice represents the first reported degenerative 
genetic disorder linked to altered numbers of receptors in the 
CNS. Furthermore, these observations strongly support a direct 
functional association between benzodiazepine receptors and 
the pharmacological actions of these drugs in the CNS. ' 

We thank Ms V. Moncada for technical assistance B.A.P. was 
a fellow in the USPHS COSTEP programme. 
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Opiate antagonist reverses 
the cardiovascular 
effects of inhalation anaesthesia 


THAT opiate receptors may mediate the action of inhalation 
anaesthetics is evident from the fact that intravenous injection of 
naloxone decréases the pain threshold in rats during inhalation 
anaesthesia'?. But inhalation anaesthetics have not only anal- 
gesic and hypnotic properties, they also cause undesirable 
depression of the cardiovascular system. To investigate whether 
opiate receptors mediate the cardiovascular response to inhala- 
tion anaesthesia we perfused continuously the cerebro-ventri- 
cular system of both conscious and anaesthetised dogs with 
naloxone. Effects of anaesthesia with and without naloxone 
perfusion were compared for blood pressure, heart rate and 
baroreflex activity. The constant perfusion technique was adop- 
ted to avoid the drastic transients of naloxone brain concen- 
trations which occur following intravenous naloxone appli- 
cation^^ and which might have masked the naloxone effects in 
recent reports ^^. We show here that ( — )naloxone in contrast to 
(+ naloxone is capable of antagonising the circulatory effects of 
halothane anaesthesia from the fourth cerebral ventricle. 
Eight dogs were prepared for perfusion of their cerebro- 
ventricular system under general anaesthesia. For perfusion of 
the fourth ventricle five dogs were used in whom stainless steel 
cannulae were permanently implanted, one into the rostral end 
of the fourth cerebral ventricle (inflow cannula) and another one 
into the cisterna cerebello-medullaris (outflow cannula) which 
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Fig. 1 Effects of continuous perfusion of the fourth cerebral 
ventricle without and with (—)naloxone at a concentration of 
20 ug ml! on blood pressure, heart rate and carotid sinus reflex 
activity in conscious and anaesthetised (halothane) dogs. Perfusion 
periods are always 20 min. Halothane anaesthesia in combination 
with perfusion of the ventricle with Ringer's was maintained for 
60 min. a, Response to clamping of carotid arteries: b, values 
before clamping. I, Conscious + Ringer, 20 min; II, conscious + 
naloxone, 20 min; III, anaesthetia 0.75 vol%, 60 min; IV, 
апаеѕћейа + naloxone, 20 min; V, anaesthesia 1.37 vol%, 
20 min.Averages (+s.e.m.) from 10 experiments in three dogs. 
Differences relative to the controls (column I) were tested with 
Student paired t-test (X, 2 P < 0.005). 
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drains the cerebral spinal fluid from the fourth ventricle. For 
perfusion of the third ventricle three other dogs were prepared 
with two cannulae located in each lateral ventricle. Additionally, 
both common carotid arteries were exteriorised into skin loops 
for direct blood pressure recording and also for testing of the 
carotid sinus reflex response to bilateral clamping of the loop 
arteries. 
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Fig. 2 Comparison of the effects of (+)паюх- 
one and (—)naloxone at a concentration of 20 реті! perfused 
through the fourth cerebral ventricle on halethane-induced arterial 
hypotension, bradycardia and depressed carotid sinus reflex 
activity in two dogs. a, Response to carotid clamping; 5, values 
before clamping; I, conscious; I-IV, halothane anaesthesia 
0.72 vol% ; H, 60 min; HI, (+)naloxone, 20-min; IV, (—)naloxone, 
20 min. There is hardly any effect from (+)naloxone but ( —nalox- 
one promptly reverses the halothane effects to levels of the 
conscious state. 


The dogs were trained to lie quietly and were unrestrained in 
the lateral position for the experiments in the conscious state. 
The actual experiments were performed 4 weeks after surgery. 
‘Fhe animals participated for several months in the study and 
were familiar with the experimental environment, All the dogs 
were then repeatedly subjected to the experimental procedure 
described in the legend to Fig. 1. Ventricular perfusion 
(0.15 ml тіп!) was achieved with a microdrive single-channel 
push-pull pump (Braun Melsungen Unica B 1). The restriction 
of the perfusion to the respective ventricles was verified by 
post-mortem dye distribution studies in each dog. The animals 
were anaesthetised with halothane at concentrations of 0.72~ 
0.82 vol% in pure oxygen. The individual concentration was 
adjusted to render the animal analgesic as tested by pinching its 
nose with a haemostat. 

Halothane was administered by a calibrated vapouriser 
adjusted to keep the end-expiratory concentration of the anaes- 
thetic constant, which was verified by mass spectrometry 
(Perkins-Elmer MGA 1100). The responses of the animals to 
repeated bilateral carotid clamping of 1 minute duration were 
evaluated from continuous recordings of the heart rate and the 
arterial pressure. 

In conscious dogs perfusion of the fourth cerebral ventricle 
with ( —)naloxone results in a small increase in blood pressure 
and heart rate in association with unchanged reflex response of 
blood pressure but clearly augmented heart rate reflex (Fig. 1, 
columns I and II). During anaesthesia in combination with 
ventricular perfusion with Ringer's solution without naxolone 
(column III) all parameters are conspicuously reduced. But, 
most important, when (— )naloxone was added to the perfusate 
all parameters came back to the levels of the conscious controls. 
In fact, except for the heart rate levels, there are no significant 
differences present between the naloxone effects at the end of 
the 20 minute perfusion period (column IV) and the conscious 
state (column I). Finally, about twice the halothane concen- 


tration is necessary to antagonise the naloxone action (column 
V). 
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These observations suggest that structures bordering the 
fourth cerebral ventricle mediate the naloxone effect on'inbala- 
tion anaesthesia. This is likely as (—)naloxone was found to be 
completely without influence on the circulatory responses іп 
three dogs in whom the third and lateral cerebral ventricles were 
perfused under essentially the same protocol. Therefore, poss- 
ible candidates for sites of interaction with naloxone are those 
opiate receptors located on the floor of the fourth cerebral 
ventricle and which continue into the periductal grey matter*!?, 
These receptors are located rather superficially and opiates bind 
intensively here’, penetrating to about 800 шт after local 
application'’. Thus, there are favourable conditions in our 
experiments for an interaction between naloxone and these 
receptors. Finally, proof for the specificity of these effects came 
from observations that (+)naloxone does not reverse the 
cardiovascular effects of halothane anaesthesia. This was shown 
in two dogs (Fig. 2) where perfusion of the fourth ventricle with 
(+)naloxone for 20min had no discernible effects in the 
conscious state and did not reverse the arterial hypotension, the 
bradycardia and the depressed baroreflex activity of halothane 
anaesthesia maintained for 60'min. In contrast, all circulatory 
parameters promptly returned to the conscious control levels 
after a 20 min perfusion period with (—)naloxone. 

Thus, it seems safe to conclude that naloxone antagonises the 
cardiovascular manifestations of inhalation anaesthesia by 
stereospecific binding with opiate receptors in structures 
bordering the fourth cerebral ventricle. Possibly, these are the 
same receptors which are located below the floor of the fourth 
cerebral ventricle from where opiates and morphinomimetic 
peptides trigger analgesia’? ^" and profound sedation with 
catalepsia!* 

Whatever the pharmacological mechanism behind the 
naloxone effect on inhalation anaesthesia might be, our obser- 
vations strongly suggest that the opiate receptor system seems to 
be of importance for its mediation. If this is so, then it might be 
necessary to reconsider the currently held view that inhalation 
anaesthetics exert their pharmacological effects by nonspecific 
action on cell membranes. At least the cardiovascular mani- 
festations of halothane anaesthesia are more likely to be tht 
consequence of its iriteraction with opiate receptors in the brain 
rather than of nonspecific side-effects on the heart and/or blood 
vessels. ` 

We thank Dr А. E. Jacobsen for supplying (+ )naloxone. This 
work was supported by the Deutsche Forschungsgemeinschaft 
through the Sonderforschungsbereich Kardiologie 30 Düssel- 
dort. 
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Local anaesthetics inhibit tension 
development and Nile blue 
fluorescence signals in frog muscle fibres 


FLUORESCENT DYES have been increasingly used tó measure 
fluorescence intensity changes associated with changes in 
transmembrane potential in various preparations'*. The use of 
these compounds is of particular interest in muscle fibres, as they 
can be used to detect potential changes occurring across 
membranes not directly accessible to electrical measurements, 
and possibly associated with excitation-contraction coupling 

. For example, muscle fibres stained with Merocyanine 
540 and electrically stimulated, give an early fluorescent signal 
which has been thought to arise from surface and T-system 
membranes". More interestingly, fibres stained with Nile blue 
A.and electrically stimulated have been reported to give 
fluorescence signals bably arising from the sarcoplasmic 
reticulum membrane**’. Optical retardation changes arising 
from this membrane ‘system have also been reported'?. These 
results seem to indicate the existence of an electrical response 
across the sarcoplasmic reticulum membrane which might be 
associated with calcium release from these structures during 
contractile activation. To test this possibility, we investigated 
and report here the effects of the local anaesthetics, procaine 
and tetracaine, on tension development and their comparison 
with the effects on the fluorescence signals generated in muscle 


MM UM aL 
1 oe ОИ UE СЕЕ |150 ms 


10 


Relative tension 


-80 -40 0 +40 
Membrane potential (mV) 


Fig.1 Effect of tetracaine and procaine on the tension developed 
by three single fibres of approximately the same diameter (60— 
70 um). The experiments used small bundles of short fibres (1- 
1.5 mm) dissected from the Lumbricalis brevis digit IV of the 
hindlimb o£ Rana piptens. A two-microelectrode voltage-clamp 
techmque was used to hold the membrane potential at a value of 
—100 mV and to apply pulses??, Tenson developed 
by the clamped fibre was registered by means of an RCA 5734 


depolarising pulses (upper traces) obtained in normal Ringer, and 
in the presence of 5 mM procaine and 0.25 mM tetracaine, respec- 
tively. The level of the membrane potential during the pulse is 
given. b, The tension—voltage relationship obtained with the 
Кид pases ou {ics comp ЧИТЕН ан Ferd Were oodd 
with other fibres, although in the case of procaine the effect varied 
between different fibres. 6, Normal Ringer solution; O, 5 mM 
procaine; A, 0.25 mM tetracaine: 
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fibres stained with Nile blue A. Procaine, and to a greater extent 
tetracaine, are thought to inhibit calcium release from the 
sarcoplasmic reticulum'^"*, 

Figure 1 shows the tension-voltage relationships obtained 
with three different fibres in the absence of local anaesthetics, in 
the presence of 0.25 mM tetracaine, or in the presence of 5 mM 
procaine using voltage-clamp depolarising pulses. It can be 
observed that 0.25 mM tetracaine is a more effective inhibitor of 
tension development than 5 mM procaine. Furthermore, it is 
important that with tetracaine (0.1 mM) tension was abolished 
in every fibre tested, whereas with procaine the effect varied 
considerably between fibres. This variability may account for the 
apparent discrepancy with the work of Thorens and Endo”, 


Fig. 2 Effects of tetracaine on the fluorescence signals in a 
stretched bundle of muscle fibres dissected from the semiten- 
dinosus muscle of Calyptocefaleya gayi, stained in Ringer plus 
0.02 mg mI! Nile blue A (Allied Chemical). The chamber and 
optical arrangements were the same as previously described***. 
The bundle was stretched along a trough separated by Vaseline 
into a narrow central compartment (4 mm wide), where the bundle 
was illuminated, and two lateral compartments. Fibres in the 
bundle were depolarised by making the central compartment 
negative with respect to the lateral ones (positive currents) and 
hyperpolarised by reversing the polarity. To eliminate tension 
further and prevent regenerative action potentials, the compart- 
ments were filled with hypertonic 345 Tris Ringer solution 
(345 mM Tris-hydroxymethyl aminomdthane-Cl, 1.8 mM CaCl, 
and 2.5 mM KCI). In each section, the upper trace shows the 
fluorescence signal and the lower trace the current pulse. In a and 
b, 345 Tris Ringer was used and in c and d 1 mM tetracaine was 
added to 345 Tris Ringer. a, c Correspond to depolarising current 
pulses and b, d to hyperpolarising current pulses. The magnitude of 
the arrow corresponds to a ratio of fluorescence change to basal 
fluorescence (AF/F) equal to 2x 107° for a and b, and 1.5x 10? 
for c and d. The horizontal calibration bar corresponds to 100 ms. 
The excitation filter used in the optical record had a central 
wavelength of 625 nm and the collected light, at right angles, was 
filtered by a barner filter that absorbed the excrtation hght (Schott 
RG-645). Temperature, 17 °C. 


Figure 2 demonstrates the effect of tetracaine on the extrinsic 
fluorescence signal of muscle fibres stained with Nile blue. 
Fluorescence signals in response to depolarising (Fig. 2a) and 
hyperpolarising (Fig. 2b) current pulses indicate that, although 
of the same magnitude, the two pulses induce widely different 
fluorescence changes. The, fluorescence change in response to 
the depolarising pulse is much the greater, suggesting the 
presence of a nonlinear membrane potential change. This 
potential change cannot be due to sodium-dependent regenera- 
tive responses, as the external solution was prepared without 
this cation. Figure 2c,d also shows that 1 mM tetracaine 
effectively abolishes the large component of the fluorescence 
change elicited by the depolarising pulses. The remaining signals 
behave more linearly for depolarising and hyperpolarising 
pulses, giving positive and negative fluorescence changes, 
respectively, with time courses similar to those recorded with 
Merocyanine 540 (ref. 4). The responses to hyperpolarising 
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pulses are larger, probably due to increased membrane resis- 
tance in the presence of tetracaine. 

Figure 3 shows the effect of procaire on the fluorescence 
activation curve. It is clear that in the atsence of procaine, this 
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Fig. 3 Effect of procaine on the activaticn curve of the fluores- 
cence signal. The points were obtained from an experiment in a 
bundle of fibres dissected from the semitendinosus muscle of 
Calyptocefaleya gayi, the procedure was ths same as shown in Fig. 
2 except that 10 mM procaine was used instead of tetracaine. The 
curve з a plot of AF/F against the current intensity of the 
depolarising and hyperpolarising pulses. The abscissa represents 
the size of the current pulse in arbitrary urits. It must be stressed 
that the amount of current passed dependec on the efficiency of the 
Vaseline seal between the three compartments (see legend to Fig. 
2). The ordinates represent the peak valves of the fluorescence 
signals. Circles correspond to experimental values obtained in 345 
Tris Ringer and squares to values recorded in 345 Tris Ringer + 
10 mM procaine. Temperature, 17 *C. 
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Fig.4 Effect of tetracaine on the fluorescea3ce signals and delayed 
rectification of voltage-clamped, cut single muscle fibres. The fibres 
were dissected from the semitendinosus muscle of Rana cates- 
biana. The techniques and optical arranger ent used are described 
elsewhere’ and are based on the work of Hille and Campbell'^. 
Pool A, (sec ref. 14) contained normal Rigger +10" TTX. Pools 
C, B and E contained the following solution 120 mM K-aspartate; 
5 mM ATP-Nà;; 1 mM MgC); 2 mM EGTA-Tns; pH 7.2. In each 
section, the upper trace corresponds to voltage, the middle trace to 
the current, and the lower trace to fluorescence. a, Control records 
when the portion of the fibre in Pool A was immersed in Ringer + 
10 7 M TTX. b, Records in Ringer+ 1077 MTTX+1 mM tetra- 
caine. c, Records after 30 min of recovery. The arrow corresponds 
to a AF/F of 7.2x 1077, a voltage of 20€ mV and a current of 
132A. The horizontal calibration bar corresponds to 30 ms. 

Temperature, 20°C, 
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curve has a steep S-shaped form reminiscent of the tension 
curve. On the other hand, in the presence of 10 mM procaine, 
the steep activation of the fluorescence for depolarising current 
pulses disappears, leaving only the more linear dependence 
probably arising at the surface and tubular membranes. 

Finally, Fig. 4 shows the effect of 1 mM tetracaine on the 
fluorescence signal and on the membrane current of a single 
muscle fibre, voltage clamped, using the technique described by 
Hille and Campbell’* but with a modified chamber which also 
allowed optical recording of fluorescence". Figure 4a shows 
the voltage trace, membrane current and fluorescence trace for а 
fibre immersed in Ringers and 107? M tetrodotoxin (TTX). The 
fibre was clamped at about —100 mV and depolarised to 0 mV 
over 100 ms. It can be seen that tetracaine produced a complete 
blockage of the fluorescence signal. No linear component is 
observed, probably due to the small signal to noise ratio of the 
single fibre preparation. Figure 4c shows some recovery after 
1 mM tetracaine was removed. Better recovery was observed 
when lower concentrations of tetracaine were used. The delayed 
current was blocked by the presence of tetracaine (Fig. 4b) and 
shows a good recovery on its removal (Fig. 4c). This сштеп 
corresponds to the delayed K current whose kinetics are slowed 
and whose voltage dependence has been shown to be shifted by 
tetracalne'?. Note that the recovery of the fluorescence signal 
does not parallel the recovery of this delayed current. 

The results of these experiments show conclusively that pro- 
caine and tetracaine are effective in reducing or abolishing both 
tension development and the fluorescence signal in Nile blue 
A-stained muscle fibres. It has been postulated that this fluores- 
cence signal із the optical manifestation of depolarisation of the 
membrane of the sarcoplasmic reticulum probably associated 
with calcium release”. Recent work carried out with local anaes- 
thetics indicates that these agents are effective in blocking 
calcium release acting at the level of one of the last steps in the 
chain of events involved in excitation—contraction coupling. In 
fact, Almers and Best!! have shown that tetracaine blocks 
contraction without affecting the charge movement; this 
indicates that calcium release can be inhibited one step further 
than the charge movement which is thought to link the electrical 
events of the transverse tubular membrane with those occurring 
at the level of the sarcoplasmic reticulum. The present experi- 
ments agree with this hypothesis and support the notion that the 
extrinsic fluoreacence signal in Nile blue-stained muscle fibres 
may be derived from the sarcoplasmic reticulum membrane? 
and is associated with calcium release during contractile activa- 
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Pelvic structure and nature 
of reproduction in Multituberculata 


RECENTLY prepared skeletons of Mongolian Late Cretaceous 
multituberculate mammals permit complete reconstruction of 
the pelvic girdle for the first time; its structure suggests that 
multituberculates may have been viviparous. Most important 
for these studies is a specimen of Kryptobaatar dashzevegi! from 
the Djadokhta Formation (?late Santonian and/or ?early 
Campanian), in which both the left and right pelvic halves, 
including equipubic bones, were preserved undistorted and 
articulated with part of the vertebral column (Figs 1 and 2). 
Three of the pelves in the same collection, belonging to three 
different genera are less complete, but have the same structure 
as the Kryptobaatar pelvis. The previously known multi- 
tuberculate pelvis of the Paleocene Eucosmodon^? was 
incomplete and although correctly reconstructed did not show 
some important details, that are now described. 

Hopson‘ argued that viviparity was one of the last elements in 
a syndrome of reproductive adaptations to have evolved in 
mammals. We do not know when viviparity developed in multi- 
tuberculates, but it should be remembered that the Late 
Cretaceous multituberculates that have been studied are some 
130 Myr younger that their presumable Triassic ancestors'. If 
they were indeed viviparous, such a mode of reproduction in 
multituberculates was developed independently from that seen 
in therian mammals. 

The sexes of individuals represented by the fossil pelves are 
unknown. All four pelves are of the same morphological pattern 
and for the purpose of the description that follows I assume that 
at least one was female and/or that pelvic sexual dimorphism 
was not an obvious feature in multituberculates. _ 

As pointed out by Granger and Simpson’, multituberculate 
pelves differ from those of other known mammals in being 
extremely narrow. The left and right pubes and ischia form a 
very acute angle апі appear V-shaped from behind instead of 
meeting at an angle of about 180? as in most other mammals. In 
Kryptobaatar the opposite pubes are directed steeply 
ventromedially and meet at an angle of about 40°; the ischia 
meet at 45° anteriorly and progressively open up to 80° at the 
ischial arc. The ventral edges of the opposite ischia and pubes 
are very strongly fused and together form a prominent ridge. 
The height of the ridge is about 1 mm in Kry and its 
length along the pubes and ischia is 15.2 mm (the bone is missing 
below the obturator foramen, probably due to damage, and only 
here has the ridge not been preserved). The greatest length of 
the pelvis is 32 mm. The posterior part of the pelvis in known 
multituberculates is strongly bent upwards as seen from the side 
and the ventral ridge of the fused ischia continues far dorsally 
which means that the free posterior edges of the ischia are short 
and the ischial arc is very small. The free edges of the ischia are 
about 3.8 mm long, and the estimated greatest width of the 
ischial arc is about 4 mm. The length of the pelvic ridge and 
degree of fusion indicate that the pelvis was rigid and could not 
have spread ventrally during parturition. 

The nature and dimensions of the pelvic girdle bear on the 
important question of the size óf the offspring or egg in multi- 
tuberculates and so on their mode of reproduction. The cross 
sectional area of the passage above the ischial arc depends on the 
eae ra Granger and 

that Eucosmodon had a large iliac-sacral 
Мару ш This angle appears to be about 35? in 
Kryptobaatar, leaving a distance of about 1-1.5 mm between the 
base of the tail and the upper border of the iscial arc. Allowing 
—0.2 mm thickness for the soft tissues lining the pelvis, I esti- 
mate that if the multituberculates were viviparous, the maxi- 
mum width of the head in a newborn tar could be no 
more than 3.4 mm. This is about 0.13 the width of the mother's 
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Fig. 1 


Kryptobaatar dashzevegi pelvis. a, Left lateral view, photograph taken before final preparation; b, stereophotograph of the same 


specimen in ventral view, showing the ventral ridge; c, stereophotograph of the same specimen in dorsal view, the ischial tuber (present in а) was 
lost during preparation. ZPAL MgM-1/41, all «1.5. 


head compared with a ratio 0.33-0.4 in a rat and 0.45-0.5 in a 
mouse. There are no measurements available in the literature of 
the width of the head in newborn marsupials. But all marsupials 
weigh remarkably little at birth (all less than 1 g), even when the 
mothers are large’. 

As in Kryptobaatar the profile of the passage within the ischial 
arc is triangular, the space available for the passage of an egg of 
circular cross-section would be even less than 3.4 mm diameter. 
This would mean a smaller egg than any known cleidoic egg. In 
connection with the egg-laying habitat, the ischial arc in mono- 
tremes is wide and U-shaped’ and relatively larger and struc- 
turally very different from the multituberculate ischial arc. I am 
therefore of the opinion that multituberculates were not 
oviparous, but viviparous with an extremely small neonate. 

Apart from its relevance to reproductive habitat, the long 
immobile symphysis (which is relatively longer than in marsupi- 
als) and the well developed pelvic ridge may have a bearing to 
the mode of locomotion in Kryptobaatar. Some ungulates (for 





Fig.2 Kryptobaatar dashzevegi. Right, reconstruction of pelvis in 
dorsal view. Left, reconstruction of the same in posterior view, 
showing size and shape of ischial arc. 
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example Antilocarpa and Tragulus) have an immobile symphy- 
sis due to the presence of an unpaired interpubic bone and 
Wegner’ argued that this is an adaptation in modern mammals 
associated with a capacity to jump. Perhaps multituberculates 
were also able to jump. 

Note added in proof: A. K. Lee (Monash Univ.) and I 
Selwood (LaTrobe Univ.) have studied a marsupial Antechinus 
stuarti and found the mother's head width to be 15.4 mm, and 
the two newborn pouch young head widths were 1.6 mm and 
1.5 mm, which is about 0.1 of the width of the mother's head 
(personal communication). This conforms with my estimate of 
0.13 for multituberculates. 
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Isolation of the human placenta receptor 
for epidermal growth factor-urogastrone 


EPIDERMAL growth factor-urogastrone (EGF-URO), a single 
chain polypeptide of molecular weight —6,000, found both 

the mouse"? and in тап”, is both a potent stimulant of cell 
proliferation and an inhibitor of gastric acid secretion. Specific 
membrane receptors for EGF-URO can be detected in various 
tissues including human placenta* ''. Although the mouse and 
human polypeptide sequences differ at 16 positions, they can 
share the same receptor site in human tissues" "^, There has been 
considerable recent interest in EGF-URO and its receptor, not 
only because of the potent mitogenic and acid-inhibitory actions 
of the polypeptide, but also because of the association of viral", 
chemical'^ and spontaneous" cell transformation with a specific 
reduction in cell receptors for EGF-URO. It is also believed that 
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EGF-URO and its receptor may be involved in the develop- 
ment, maintenance, and differentiation of tissues as diverse as 
the lens', the palate!" and the keratin layer of skin'*. In 
experiments aimed at the isolation of the membrane receptor for 
EGF-URO, we have observed that, unlike’the receptor for 
insulin, but like the muscarinic receptor for acetylcholine”, 
the EGF-URO receptor loses its ligand recognition property 
following solubilisation with detergents. We therefore 
developed an affinity-labelling technique using glutaraldehyde, 
that can covaléntly crosslink the receptor with '*I-labelled 
EGF-URO before solubilisation?', Independently, Das and 
coworkers have devéloped a photoaffinity-labelling technique 
that can also be used to radiolabel the EGF-URO receptor 
before solubilisation”. Here we report the success of both our 
previously described glutaraldehyde crosslinking technique? 
(using '*I-EGF-URO for receptor labelling) and of a newly 
developed photoaffinity-labelling technique (using a photolabile 
1251 .EGF-URO crosslinking reagent) to identify the REGF-URO 
receptor in human placenta membranes and to effect the iso- 
lation of the affinity-labelled receptor by affinity chromatog- 
raphy using lectin and murine EGF-URO antibody-Agarose 
columns. 


Nature Vol. 277 1 February 1979 


The amino terminus of murine EGF-URO provides the only 
free primary amine and is the site of the coupling of the 
photoaffinity label. Because the remainder of the molecule i1 
unchanged, we hypothesised that the anti-EGF-URO antibody 
would still recognise the EGF-URO moiety after crosalinking it 
to the putative receptor. The material eluted from the WGA- 
agarose column was therefore applied to an anti-.EGF-URO 
antibody-Agarose column. Approximately 40% of the applied 
radioactivity was adsorbed to the'column and more than 9596 of 
the protein was unadsorbed. Elution of the antibody-Agarose 
column with 10% v/v formic acid, 'yielded the. same 
components, detected autoradiographically, that had been 
adsorbed by the WGA-agarose column (Fig. 1, columns f and 
h). In the experiment depicted (columns e), the preparation of 
labelled receptor contained principally band II and a small pro- 
portion of band 1; both bands I and II were adsorbed by the 
antibody.affinity column. The amount of protein present in the 
eluate could not be detected (absorbance at 280 nm). When the 
same amount of WG A-agarose column eluate was applied to an 
agarose affinity column prepared with pre-immune rabbit 
serum, >95% of the ‘radioactivity was unadsorbed and the 
characteristic autoradiographic pattern of the formic acid eluate 


Table 1 Affinity chromatography of '*I-photoaffinity-labelled EGF receptor 








Racioactivity (%) 
Eluting К Sugar-urea 
Lectin sugar Unadsorbed Sugar eluate eluate Residual 
WGA N-Acetylgtucosamine 94.8 4.4 0.7 0.1 
Lens culinaris a-Methylmannoside 95.8 3.6 0.4 0.2 
Concanavalin A a-Methylmannoside 93.0 3.0 2.5 1.4 
Phytohsemaggiutinin N-Acetylgalactosamine 95.5 11 2.0 0.9 
Ricinus communis Galactose ' 99.7 0.2 00. 0.0 
Peanut Lectin Galactose 99.8 0.1 — 0.1 


"The EGF-URO receptor of placenta membranes was labelled using the photoaffinity method as described in Fig. 1 After solubilization with 


Nonidet P-40 and clarification by ultracentrifugation, aliquots of the labelled solubilised membranes were applied to 200 pl lectin-Sepharose 4B 
columns (5 mg lectin per ml beads) equilibrated with 0.1% Nonidet P-40, 0.2 M NaCl, and 50 mM Tris-HCI, pH 7.5. The columns were washed with 
20-30 column volumes of buffer (flow through) and then eluted with an appropriate lectin-specific sugar at 0.2 M. The plant lectin columns were 
subsequently eluted with sugar-containmg buffer, made 4 M in urea. Finally, the radioactivity remaining’on the column was measured. The figures 
represent the percentage, relative to the total radioactivity applied, of the radioactivity in the unadsorbed fraction, in the fraction eluted with sugar, in 


the fraction eluted upon addition of urea, and the amount remaining on the column after the final elution (residual). 


When placenta membranes were crosslinked covalently with 
1257 labelled EGF-URO, either by the glutaraldehyde method 
or by the photoaffinity technique, electrophoretic analysis of the 
solubilised membrane protein in polyacrylamide slab gels 
revealed an identical autoradiographic pattern (Fig. 1); two 
major components (bands I and II) of apparent molecular 
weights 180,000 and 160,000 could be detected. The relative 
amounts of the two components present seemed to vary some- 
what from one preparation to another, as indicated by 
differences in the intensity of the autoradiographic patterns. 
When crosslinking was carried out in the presence of an excess of 
unlabelled EGF-URO, the labelling of bands I and П was 
virtually abolished, whereas that of other barely detectable 
components remained unchanged: 

Previous data !2212324 suggested that the EGF-URO receptor 
is a glycoprotein. We observed that a variety of lectin-Agarose 
columns could adsorb selectively the major labelled components 
present in the crude solubilised membrane preparation (Table'1 
and Fig. 1), enabling selective desorption with the appropriate 
lectin-specific sugar to take place. The wheat germ agglutinin 
(WGA)- -agarose column proved to be the most effective, resul- 
ting in a 30-fold receptor purification using crude soluble pre- 
parations as starting material. Analysis of the specific eluate 
from the WGA column revealed the presence of a third minor 
radioactively-labelled component of apparent molecular weight 
48,000. 


previously observed with the antibody-agarose column was not 
detected. Similarly, when crude soluble membrane proteins 
were purified by WGA-agarose affinity chromatography, 
labelled with !?^I, and subsequently applied to an anti-EGF- 
URO antibody-agarose column and to pre-immune rabbit 
serum-agarose column, >95% of the radioactivity was unad- 
sorbed. When the formic acid eluate was subjected to elec- 
trophoresis, bands in the region of I and II were not detected. 
Because of the high specifi city of the binding of EGF-URO to 
membrane-binding sites* ^17 and because of the correlation 
of this binding with, the biological: activity of EGF-URO in 
certain cell systema" 0, it is reasonable to assume that binding 
components detected in this and previous studies represent the 
cellular receptor involved in EGF-URO action. It is of parti- 
cular importance that the two independent methods of 
radiolabelling the receptor yield identical labelled 
components, as indicated by electrophoretic analysis. It is per- 
haps surprising, as previously discussed", that the glutaralde- 
hyde-borohydride technique does not yield a wide spectrum of 
crosslinked components, but probably links 57 labelled human 
EGF-URO to its binding site in a relatively restricted membrane 
environment. Important is the fact that, using the conditions we 
describe, the photoaffinity label does not, following generation 
of the nitrene, alkylate a large number of protein constituents, as 
is observed in intact cells”. Because the two methods of 
radiolabelling the receptor are chemically: quite dissimilar and 
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Fig. 1 Electrophoretic analysis and autoradiography of 
soluble protein from ^ I-EGF-URO affinity-labelled placenta 
membranes. Columns a and b represent the analysis of protein that 
was affinity-labelled either in the absence (a) or presence (5) of 
excess unlabelled mouse EGF-URO using the glutaraldehyde- 
borohydride method described previously?'. Briefly, human 
placenta membranes (0.5 mg ml‘), prepared by differential 
centrifugation, were equilibrated (40 min, 23 °C) with 1251 labelled 
human EGF-URO, washed with ice-cold buffer, resuspended, 
crosslinked with the addition of glutaraldehyde (4.2 mM; 40 min, 
4°C), reduced with sodium borohydride (16.7 mM, pH 9.0, 
30 min, 4°C), solubilised (1% w/v Nonidet P-40, Particle Data 
Laboratories), clarified by centrifugation (200,000 g, 30 min) and 
the soluble supernatant analysed by polyacrylamide gel elec- 
trophoresis using 7.5% gels and the method of Laemmli”. 
Labelled protein was detected by autoradiography of fixed, dried 
gels. Columns c and d represent the analysis of soluble protein 
from membranes that were first photoaffinity-labelled either in the 
absence (c) or presence (4) of excess unlabelled mouse EGF- 
URO. The photoactive '"I-EGF-URO derivative was prepared 
by first iodinating mouse EGF-URO, using the lodogen (Pierce) 
procedure as described previously??, with 5 ig of mouse EGF- 
URO and 2 to 3 mCicarrier-free }*51 in 200 pl of 0.3 M phosphate 
buffer, pH 7.6. After the addition of `I (40s), the reaction 
mixture was transferred to a foil-covered vial containing 800 ul 
0.1 M phosphate buffer, pH 7.6. Aliquots were removed for 
measurement of the amount of radioactivity present and of the 
incorporation of "I into EGF-URO. The volume was made up to 
2 ml with buffer and N-succinimidyl-6-(4'-azido-2'"-nitrophenyl- 
amino) hexanoate (SANAH; Pierce) was added in the dark (30 yl 
of 1 mg ml! in dimethylsulphoxide) to the stirred solution. The 
reaction (30 min, 24 °C) was terminated by the addition of 0.5 ml of 
50 mM unbuffered lysine HCl. The product was stored in the dark 
at 4°C and used without further purification. Photoaffinity-label- 
ling was achieved by incubating the SANAH derivative of !2°1- 
labelled mouse EGF-URO (330 pmol) with membranes (40 ml of 
1 mg membrane protein per ml in 0.1 M NaCl, 50 mM Tris HCI. 
pH 7.6) for 40 min at 23 °C in the dark and then activating the azide 
group by illumination (two 200 W incandescent bulbs at 10 cm) at 
4°C for 10 min. Labelled membranes were collected and washed 
twice by centrifugation (48,000g for 20min), solubilised 
(4mgml^! in 0.5% Nonidet P-40) and the clarified extract 
(200,000 g, 30 min) analysed by gel electrophoresis with visualisa- 
tion of labelled protein by autoradiography. Columns e and f 
represent the analysis of soluble photoaffinity-labelled protein 
which was applied to a 300 ul wheat germ agglutinin (WGA)- 
Sepharose 4B column (4 mg WGA ті”! beads) prepared by the 
method of March et ai.^* and equilibrated with buffer (0.1% w/v 
Nonidet P-40, 0.2 M NaCl іп 50 mM Tris НСІ, pH 7.6). Column e 
represents the analysis of the unadsorbed fraction; column f 
represents the adsorbed material that was eluted from the WGA- 
Sepharose column with 0.2M N-acetylglucosamine (NAG) in 
buffer. Columns g and л show the analysis of protein that was first 
specifically eluted with NAG from WGA-Sepharose and then 
applied to an anti-mouse EGF-URO antibody-Sepharose 4B 
column. Column g represents the unadsorbed fraction; h shows 
material that adsorbed to the column and was eluted with 10% v/v 
formic acid. Column і shows the protein pattern of untreated 
placenta membranes stained with Coomassie Blue. Bands I and II 
represent the major affinity-labelled proteins; the left hand scale 
shows the calibration of the gel according to the molecular weight 
markers -galactosidase (130K), phosphorylase A (94K), bovine 
serum albumin (68K) and pyruvate kinase (S4K). 
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yet yield identical results, we conclude that the risks of misin- 
terpretations inherent in either crosslinking procedure have 
been minimised. 

The apparent molecular weights of the two principal consti- 
tuents detected in the present study are in excellent accord with 
our own previous data?! and with the data of Das et a1, who 
detected a photoaffinity-labelled substituent of apparent mole- 
cular weight of 195,000 in mouse cells. We did not, however, 
detect, in the placenta membrane, the constituent of molecular 
weight —100,000 which we observed in rat liver membranes 
using the glutaraldehyde-borohydride technique?!. Detection 
of more than one receptor constituent cannot be readily 
explained. The most likely explanation, however, is that the two 
major constituents represent molecules that are closely related 
to one another either by a degradative (for example, receptor 
processing) or synthetic (precursor-product) process. These 
possibilities may explain the variation in the relative amounts of 
the two major constituents that we have observed from one 
membrane preparation to another. It is of interest in this regard 
that the affinity labelling of the 8-adrenoreceptor also yields two 
principal constituents. No components analogous to the ‘pro- 
cessed’ receptor constituents detected by Das etal in an intact 
cell system seem to be detected by our techniques in the placenta 
membrane preparation. 

The present work demonstrates directly the glycoprotein 
nature of the EGF-URO receptor. It also demonstrates a novel 
method for purifying receptors utilising anti-ligand antibodies 
and provides a scheme for the large scale isolation of receptors 
which, like the EGF-URO receptor, seem to lose their ability to 
recognise ligand after solubilisation and thus are not amenable 
to purification by hormone-agarose affinity chromatographic 
procedures. 
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The molecular nature of heat-labile 
enterotoxin (LT) of Escherichia coli 


ALTHOUGH Escherichia coli is part of the natural flora of the 
mammalian gut, certain strains cause a cholera-like disease in 
humans and young farm animals!?. These E. coli strains carry at 
least two plasmid-mediated determinants of virulence**. One 
class of plasmids, called Ent, codes for the synthesis of one or 
more enterotoxins’. These toxins disrupt the fluid balance in the 
gut resulting in a net efflux of fluid and electrolytes from the gut 
epithelial cells'. The heat-labile toxin (LT) and cholera toxin 
have been shown to be identical in their modes of action? and 
also to be immunologically similar”. Although cholera toxin 
has been purified and characterised", it has proved difficult to 
purify LT and it is not yet fully characterised. Molecular weight 
estimates for LT range from 20,000 to over 100,000 (refs. 
9-11). We report here investigations of the molecular nature of 
LT carried out by studying an LT gene isolated using recom- 
binant DNA technology "^. Using E. coli minicells", the proteins 
encoded by the LT gene were identified and the structure of LT 
was found to be similar to that of cholera toxin. 

Recently we reported the isolation of an LT gene on a 
5.8x 10°-MW DNA fragment". Using in vitro deletion tech- 
niques, this DNA fragment has been reduced in size to MW 
1.2x10° and has been linked to the R-plasmid pBR313 
(W.S. D., D. M. Gill and S.F., in preparation). This new plasmid, 
EWD299, encodes for LT as measured by the Y- 1 adrenal cell 
tissue culture assay ^. Proteins specified by the chimaeric plas- 
mid were identified using minicells as an in vive protein 
synthesising system. Minicells do not contain chromosomal 
DNA but may contain plasmid DNA molecules. The plasmids 
are transcribed and the mRNA is translated in minicells. 

Plasmid-encoded proteins from minicells were radioisoto- 
pically labelled by incubating purified minicells with *S- 
methionine or '*C-amino acid mix. The total minicell proteins 
were separated by SDS-polyacrylamide gel electrophoresis 
(PAGE) and the plasmid-specified proteins were identified by 
autoradiography. EWD299 was found to encode about 12 
distinct proteins, (Fig. 1 track a). The LT gene-specified pro- 
teins were identified among these labelled proteins using an 
antiserum prepared against a crude preparation of LT and a 
Staphylococcus aureus strain containing protein AP, The pro- 
tein A on the S. aureus binds antibodies without disrupting their 
active sites. Tertiary complexes of protein A, antibody and 
antigen can be formed and these aggregates can be separated 
from the unreacted antigens in the minicell lysate (see Fig. 1 for 
details). A 26,000-MW protein (Fig. 1, track e), was shown to 
bind nonspecifically to S. aureus cells and has been identified as 
B-lactamase'*. Two other proteins of molecular weights 11,500 
and 25,500 were found to be complexed in the presence of the 
anti-LT serum (Fig. 1 track d). These results may be interpreted 
in two ways. First, only one of the proteins is actually LT and the 
other protein was present in the extract used to raise the 
antiserum. On the other hand, LT may be a multimeric toxin 
composed of two distinct protein species. 

Cholera toxin is a multimeric toxin composed of two struc- 
turally and immunologically distinct proteins". Antisera can be 
prepared directed specifically against the adsorption protein, 
subunit B. This subunit binds the holotoxin to the target cell 
membrane, facilitating the activity of the A subunit, and has no 
toxic activity on its own. Antiserum prepared against subunit B 
was used in the S. aureus experiments and the results are shown 
in track b. Both the 11,500 and the 25,500-MW proteins were 
present, suggesting that LT is composed of at least two distinct 
proteins, one of which is immunologically related to the B 
subunit of cholera toxin. These data indicate that LT is present 
as a multimeric toxin intracellularly, as two proteins were iso- 
lated with an antiserum directed against a single protein. Track c 
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contains a minicell preparation from an experiment using a 
holocholera toxin antiserum. Again, both the 11,500 and the 
25,500-MW proteins are present. 

Cholera toxin is composed of three polypeptides. The B 
subunit migrates in SDS-PAGE at an apparent MW of 11,000 
(data not shown). Subunit A is composed of a 24,000-MW 
polypeptide linked by a disulphide bond to a 5,500-MW poly- 
peptide". The subunit structure we have found for LT is similar 
to that of cholera toxin but there are notable differences. The 
small subunit of LT, the 11,500-MW protein, is about 500 
daltons larger than the B subunit of cholera toxin. Furthermore, 
there is no evidence of disulphide linkage in the 25,500-MW LT 
subunit. It has been shown that subunit A of cholera toxin has 
adenyl cyclase stimulating activity and a similar activity in crude 
LT preparations has been seen??. We also have enzymatic and 
genetic evidence that demonstrates an adenyl cyclase stimulat- 
ing activity for the 25,500-MW protein (Dallas, Gill and 
Falkow, in preparation). 


Molecular 
weight 


25,500 ym | 1 nd 





Fig. 1 Identification of the LT proteins. Minicells containing 
EWD299 were isolated and plasmid-encoded proteins were 
labelled by incubating the minicells with 356-methionine'?, A 
minicell cytoplasmic fraction was prepared as follows. Labelled 
minicells were frozen and resuspended in phosphate buffered 
saline, 1% Triton X-100, 5 mM EDTA (PBSTE). Lysozyme was 
added to 100 pg ml! and the preparation was sonicated. The 
lysate was cleared at 35,000g for 30 minutes and the supernatant 
was used for the antisera experiments. An aliquot of antiserum was 
added to the supernatant and the solution was incubated at room 
temperature for 30 min. Formalised 5. aureus"? was added and the 
mixture was incubated for an additional 30 min. S. aureus-anti- 
body-antigen complexes were isolated by pelleting the solution 
through 1 M sucrose in PBTSE (1,0002). The pellet was boiled for 
3 тіп in final sample buffer (10% glycerol, 5% f-mercapto- 
ethanol, 3% SDS and 0.0625 M Tris, pH 6.8). Aliquots were 
electrophoresed on 10-1596 gradient SDS-polyacrylamide gels??. 
The gels were dried onto filter paper and autoradiographed for 
3-14 d. Track a, total minicell lysate; track 5, anti-cholera B 
subunit serum; track c, anti-cholera toxin serum; track d, anti-LT 
serum; track e, no anti-serum added. 


The primary structure of cholera toxin subunit B is 
established'?. It should be possible to determine the primary 
structure of the 11,500-MW LT protein by nucleotide sequenc- 
ing and to compare the amino acid sequences of these two 
proteins. Analysis of the primary structure of the two large toxin 
proteins may give further information concerning the evolution 
of these two similar enterotoxins. 

We thank D. G. and D. J. Evans for heat-labile toxin 
antiserum, R. A. Finkelstein for subunit B and holocholera 
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Institutes of Allergy and Infectious Diseases AI10885-07. 
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Escherichia coli lac operator mRNA 
affects translation 
initiation of B-galactosidase mRNA 


THE primary function of the start of a message (MRNA for a 
specific polypeptide) is to ensure the correct initiation of trans- 
lation. Little is known about the factors determining the 
frequency of translation or indeed if its variability is important in 
the total expression of genes. Recently, an analysis was intro- 
duced that allows calculation of in vivo frequencies; it was 
shown that the in vivo initiation rates of the first and last 
messages of the lac mRNA differ by fivefold’. Different initia- 
tion frequencies could be effected, in раг at least, by a sequence 
of three or more nucleotides about 8 to 15 residues upstream 
from the initiating AUG codon that is complementary to a 
purine-rich sequence at the end of the 16S ribosomal RNA”. 
Four such complementary nucleotides are residues 8-11 before 
the AUG start of the B-galactosidase (EC 3.2.1.23, B Gase) 
message. Mutants for this sequence are not available, but there 
is a whole series for a more distant region—22 to 34 nucleotides 
before the AUG: the lac O° mutants. Here we show that certain 
of these mutations affect the rate of translation as well as the 
stability of this message. 

Lac O° mutants are defective for binding repressor protein to 
the lac operator. The more than 800 O° mutants of Smith and 
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Fig. 2 The induction of BGase іп various E. сой НЕС, proC, 
metB, strS lac O^ mutants and О“ parent strain described by Sadler 
and Smith*. Bacteria were grown at 37°C in M9 inorganic salts” 
with methionine (to 50 jg mI), proline (to 50 ug mI !), casein 
hydrolysate (to 0.496) plus 0.296 glycerol and were induced at zero 
time by the addition of isopropyl-B-D-thiogalactoside (IPTG) (to 
0.5 mM) after addition of cyclic AMP (to 2mM) at —2 min to 
minimise catabolite repression. Samples were removed at the 
indicated times and brought to 0°C, and metabolism further 
inhibited by addition of chloramphenicol (to 50 ig mI!) plus 
sodium azide (to 10 mM). The rate of 8Gase synthesis was cal- 
culated after 15 min of induction when it had reached its maximum 
At this time there were 2.6 x 10* viable bacteria per mi with 32 ug 
RNA per ml. a, Parent strain О”, b, strain Ша, c, strain 1; d, 
strain Па; e, strain ШЫ; f, strain Vb. The synthesis of @Gase in the 
parent strain (a) is reproduced for comparison as a dashed line in 
each panel. 


Sadler* could be grouped into seven classes defined by P values 
(ratio of basal to induced 8Gase levels). So far, representatives 
of each class have been identified as single-base change mutants” 
which map in the initial sequences of the lac mRNA? (Fig, 1). 
This primary effect on the repressor—operator binding does not 
explain other changes in 8Gase expression. The amount of fully 
induced ВСазе (zero repression) differs between strains, with 
some accumulating more enzyme, and some less, than does the 
O* parent". Thus, it seemed possible that the translation 
initiation frequency was affected by these mutations. 

Rates of 8Gase synthesis during full induction are required to 
estimate translation-initiation frequencies. Of six representative 
strains shown in Fig. 2, IIb and Vb are similar to the parent, Ia 
gives stronger induction, and Ша and ШЫ give weaker. The 
ratios of induction rates seen here between strains are similar to 
the ratios of fully induced enzyme levels observed earlier*?. The 
turnover number for BGase is ~400,000 U mg"! (refs 1, 8) and 
its tetrameric molecular weight is 465,000 (ref. 9). With these 
values and the viable cell count determined at the time of 
induction measurement, the synthesis of Gase monomers per s 


1 30 15 40 45 50 55 
5-ррр A-A-U-U-G-U-C-A-G-C-G-G-A- oe eae ee ene UNE CICER D -G- 


+ beds 
A UGUUA С 
п. БИШ, 


U 
Yn Y 
NH, Y. Y 


Thr Met lle Thr = Ар Se — le 
B-galactes 


Fig. 1. The nucleotide sequence of the start of the lac mRNA as determined by Матен“. The base substitutions expected in the mRNA from the 

changes in DNA sequence of the various O° strains, determined by Gilbert et al.’ are shown. The wavy line designates the initiation codon for the 

start of the BGase polypeptide and the underlined AGGA could be a potential recognition site for UCCU at positions 3—6 from the 3’ end of the 

168 rRNA The sequences derived from the right side of the operator DNA, аз defined by protection from repressor binding^^, as well as the 

shorter length defined from the minimal stretch that can form stable repressor complex”’, are shown by the horizontal bars. The dashed lines 

show the residues protected from RNase degradation by a ribosome initiation complex. The longer segment 1s the maximum length protected 
against RNase T1 and the shorter is the minimum length protected against RNase A)? 
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cell is calculated in Table 1, column 2. The parent HfrC strain 
produces 19 monomers per s cell, strain Па 25, and at the other 
extreme, ШЬ only nine. 

Three parameters of gene expression combine to give these 
final rates of enzyme synthesis at any instant. (1) The number of 
message molecules producing finished polypeptides, (2) the rate 
of translation initiation, and (3) the rate of ribosome movement. 
The first parameter is the most difficult to measure. It is derived 
from the total z mRNA mass which is given most accurately by 
dividing its rate of synthesis (S) by its decay constant (k) (refs 
1,10) and then converting mass to numbers of completed 
molecules’. 

The rate of z message synthesis is derived from the fraction of 
30 в pulse-labelled RNA that is z-specific in these fully induced 
cells (about 1.5% after correction’ for hybridisation efficiency). 
As these strains double every 50 min, they contain 1.7 copies of 
the lac operon per cell’; this gives about 2.5 s between tran- 
scription initiations and 100 nucleotides between RNA poly- 
merases (column 3). These mutations do not affect the rate of 
transcription initiation. None of the strains show functional or 
mass decay slower than that of the parent (Г, = 1.5 min) (Fig. 
3), but decay in Па, Ша, Va, Vb and VIa is significantly faster 
(tın « 1.2 min) (column 4). 

After subtracting the mass of nascent z mRNA, the number of 
completed molecules can be calculated (column 5, and Table 1 
legend). Combined with the rate of ribosome movement (about 
40 nucleotides per s per ribosome from the 80s induction 
1881112) the translation initiation rate (column 6) and resultant 
density of ribosomes can be calculated. The loading frequency of 
the parent averages 4.98 between initiations to give 176 
nucleotides between ribosomes. Six O° strains differ: Па, Va, Vb 
and VIa average only 3 в between translation initiations (110 
nucleotides between ribosomes), whereas ШЬ and IVb initiate 
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significantly more slowly (8 s between initiations for strain IIIb 
to give 288 nucleotides between ribosomes.) There is a threefold 
range of initiation rates between these strains. 

Mutations in the fastest-loading strains are not clustered; IIa 
and Уа/УЪ are 12 residues apart, and in fact, define the outer 
boundaries of the set. Conversely, the two mutations that give 
slower-loading are adjacent. All of these mutations lie outside 
the RNA region protected from RNase A digestion by the 
initiating ribosome" (Fig. 1). The IIa mutation is located about 
the diameter of a ribosome from the AUG start (assuming 4 À 
per residue). : 

A possible secondary structure of the operator RNA can be 
considered (Fig. 4). Its free energy can be calculated from 
studies with synthetic polyribotides!^ ". The favourable free 
energy from base pair stacking is about —8.6 kcal mol™ at 25 °C, 
and the unfavourable energy from the constraints in closing the 
loop!* would be about +7 kcal mol"! (for a 9-base loop closed by 
AU) to give a net —1.6 kcal mol! at 25 °C. This structure should 
‘melt’ at >25 °C; the Ta can be estimated from the enthalpy and 
entropy values that were also measured for the model polymers. 
Using values from two laboratories’ yields.a Т. of.45 °C or 
58°C. Note that the Ты of a monomeric duplex (with hairpin 
loop of this size) is much higher than is the Ты of the same duplex 
formed from two separate strands (see Fig. 4 in ref. 14). While 
the melting profile may be quite broad, it seems likely that moat 
of the molecules are in this configuration at 37 °C. 

What is striking is that the fast-loading strains IIa, Va, Vb give 
very similar decay and loading values and share the common 
feature of disrupting the single GC bond in the stem (Fig. 4) to 
generate a stem whose energy is now limited to the lower four 
AU pairs (—3.6 kcal) and has considerably less energy than the 
+8 kcal in the 11-base loop. If the secondary structure were a 
hindrance to ribosome loading, then such base changes would 








Time (min) 


Fig.3 Functional and mass decay of BGase message in various E. coli lac O^ mutants and the O* parent Cultures were induced at zero time and 
sampled as described in Fig. 2 except that rifampicin (to 300 ug ml !) was added at +30 s to inhibit further transcription initiations. a, The burst 
of BGase from parent strain О“; b, the loss of capacity to synthesise enzyme”’ from the data in (a). The remaining panels only show this latter 
variable for each strain induced and sampled in the same way. c, Strain IIb; d, strain ШЫ; e, strain Vb; f, strain Ша; g strain Па. The half lives 


min) are shown and the curve of the parent strain (5) is reproduced for in each panel. Panel (А) shows the mass decay of GGsse 

dean pet in atvain Vb and parent O* strain; [5,6 Hiurldine (to 33 pll ml” and 2 nmol ml ^) was added at —30 s and rifampicin es above. RNA 

extracted from each sample was reacted with denatured Aplac DNA to form hybrid and the hybrid fraction times the amount of "H-RNA per ml 
gives the relative amount of lac z message shown . The half lives (in min) are shown. 
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pGase Time 
syntbens Nucleotides Completed between 
monomers per mRNA mRNA translation 
per cell RNA half-ife(s) molecules mittations 
Stram per s* polymerase (In 2/k) per cellt (at 
ot 19 97 90 90 4.9 
Па 25 113 69 68 2.6 
Ub 19 97 90 90 4.8 
Ша 12 90 54 63 5.1 
шь 9 117 84 70 8.0 
IVa 24 90 84 92 39 
IVb 12 101 75 85 6.8 
Va 23 95 69 81 33 
Vb 19 84 57 67 34 
Via 20 97 63 70 3.2 
VIb 15 105 78 86 53 
Vila 16 115 72 71 42 





Exponentially growing bacteria were induced by addition of cychc AMP (to 
2mM) and IPTG (to 0.5 mM) and rates of enzyme and message syntheas 
measured between 12 and 20 min after IPTG addition At 15 mm thero were 
2.6 x 10* cells per ml with 32 pg RNA per mL Drvide amounts per cell by 1.66 to 
give amounts per chromosome. All values refer to tho @Gase gene, MRNA or 


епхупе 
* There are four monomers per PGase to give 4.8 molecules of Gase per s per 
cell m strain O*. 
t The total mass of lac z MRNA/cell is made of: (а) completed z molecules that 


funchoning molecules. The distribution between decaying apd non-decaymg 
species is derrved from the 5' to 3’ nature of the decay process” and leads to the 
actual numbers of functiomng molecules per cell (column 5) (see ref. 1) The total 
lac per cell varies from 1.5х10 `0 ug (three strains inchuding O^) to 
1.0x 107 !? ug (four strams) There are 52 nascent molecules per O” сей, 50 


10% ‘m the same direction’, the final computer-derived initiation frequency 
(column 6) would be m error 30% In that drrechon— insufficient to account for the 
300% range of values. 


decrease the probability of its existence and thus increase the 
frequency of successful collisions. 

The slower initiation rates of strains IIIb and IVb might also 
reflect the presence of the secondary structure of Fig. 4. First, 
note that IVb would generate two more base pairs and a 
five-membered loop to increase the structural stability to AG = 
—5.1 kcal mol! at 25 °С from —1.6 kcal mol !. However, ШЬ 
would not affect the structural stability and suggests another 
possible explanation. Independent studies in this laboratory 
have shown an involvement of RNase III activity in translation 
initiation of 8Gase. 8Gase mRNA from strain AB301-105 (ref. 
18) is much less competent to form in vitro initiation complexes 
than is 8Gase. mRNA from ће mc* рагепі!?. The RNase III 
recognition sequence has been defined in detail in four of six T7 
RNA sites???!, and the four are similar: cleavage between U and 
G and release of terminal fragments UUAUog and pGAU. 
Cleavage of lac RNA between the residues U and G at positions 
6 and 7 would liberate UUGUo; plus pGAG. As indicated 
above, opening the loop would lower ће Tn of the duplex. If this 
is a site for RNase III cleavage, then ШЫ and possibly IVb, might 
load ribosomes more slowly because the enzyme could no longer 
disrupt the structure. The hypothesis is being tested by in vitro 
experiments. ; 

Strains УТЫ, Ша, IIb and УЛа give the parental O* initiation 
frequency, and they all map in the upper part of the loop 
structure and should not alter it. Thus, 9 of the 11 characterised 
lac O* mutants give expression that is consistent with the 
structure shown in Fig. 4. Strains VIa and IVa give inconsistent 
results. It is possible that they were assigned incorrectly or 
contain secondary mutations in either lac DNA or the genetic 
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Fig.4 A possible configuration of the Іа: mRNA. The AGGA 
and AUG are designated as in Fig. 1. The arrow indicates a 
putative RNase III target. 


background. In strains [Va and VIa expression of the distal lac 
galactoside acetyltransferase (GATase) message and Gase 
message change in parallel, suggesting some nonspecific effect, 
perhaps on all messages. In contrast, for =xample, the extremely 
fast &Gase message decay in strain Vb is not paralleled by faster 
than normal (O*) decay of GATase mezsage (data not shown). 

Thus, the major observation presented here is that the RNA 
region more than 21 residues before an AUG start is important 
for translation initiation as well as message stability. These two 
processes show no obvious correlation here (Table 1); however, 
other studies suggest a causal relationship between decay and 
loading frequency”, perhaps obscured in these base change 
mutants because the vulnerability of tke specific decay target 
must also be a function of the primary »ase sequence itself. A 
role of RNA secondary structure in initation has been sugges- 
ted, not only in the well known RNA phage translation, but in 
recent tion concerning internal initiation sites of the lac i 
mRNA" which have potentially base-paired regions proximal 
to them. However, this is the first report to relate mutations in a 
potential secondary structure to measu-ed changes (threefold 
range) in initiation frequencies. 

We thank Dr Jack Sadler for providmg strains, Dr Temple 
Smith for unpublished observations and Louis Lim for a 
computer program for translation initiction frequencies. This 
investigation was supported by NIH research grant 1 RO1 AI 
13492. V J.C. is supported by NIH training grant 5T32 CA 
09129. 
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Double-stranded DNA stereoselectively 
binds benzo(a)pyrene diol epoxides 


BEFORE it can exert its mutagenic and carcinogenic activities'* 
benzo(a)pyrene (BP) requires metabolic activation and it is 
widely considered" that the initiating event in these processes 
is covalent binding to DNA. The predominant form of the 
activated hydrocarbon is a diol epoxide* !, of which four possi- 
ble isomers are (+) and (—) enantiomers of 78,8a-dihydroxy- 
9a-10a-epoxy-7,8,9,10-tetrahydro-BP (anti-BP diol epoxide) 
and (+) and (—) enantiomers’ of 78,8a-dihydroxy-98,10g- 
epoxy-7,8,9,10-tetrahydro-BP (syn-BP diol epoxide), Enzym- 
atic formation of the (+) anti and (+) syn configurations have 
been reported elsewhere!^P, We have shown that the racemic 
(+) anti-BP diol epoxide forms two stable covalent adducts each 
with the exocyclic amino groups of deoxyguanosine, deory- 
adenosine and probably deoxycytidine!*. We report here that 
we have now resolved the enantiomers of (+) anti-BP diol 
epoxide and reacted the optically pure hydrocarbons with DNA. 
Each enantiomer reacts with the exocyclic amino group of 
deoxyguanosine to form a pair of diasteriomers in a ratio which 
depends on the secondary structure of the nucleic acid. The (+) 
enantiomer reacts preferentially or asymmetrically with deoxy- 
guanosine in double stranded DNA but the two enantiomers 
react equally with the same position in single-stranded DNA. 
The basis for the stereoselective binding is unknown but may 
involve formation of sterically orientated physical complexes 
before covalent attachment of the hydrocarbon to DNA. The 
mode of binding in the deoxyadenosine sites, on the other hand, 
must be different, as the (+) and (—) enantiomers react equally in 
either i or double-stranded DNA. 

ei diol epoxide was synthesised as described else- 
sien? 3 -(+)and-BP diol epoxide was synthesised by an 
adaptation of the method used by McCaustland et al.’”. The (+) 
and (—) enantiomers of trans- 7,8-dihydroxy-7,8-dihydro-BP 
were resolved by published methods'* and converted to (—) and 
(*) anti-BP diol epoxides, . Either racemic (+) 
anti-BP diol epoxide or the optically pure (296%) (+) or (—) 
enantiomers were reacted with calf thymus or X174 DNA. 
After removal of unreacted hydrocarbon the DNA was enzym- 
atically hydrolysed to hydrocarbon—deoxynucleosides and the 
stable covalent adducts isolated by Sephadex LH-20 column 
chromatography. The adducts were then separated by reverse- 

phase high-pressure liquid chromatography (HPLC). Of the 
stable covalent adducts formed, 95% were Хаз as deter- 
mined by radioactivity measurements. Figure 1a shows the 
HPLC profile obtained by reacting racemic (+) anti-BP diol 
epoxide with native calf thymus DNA after hydrolysis and 
Sephadex LH-20 column chromatography 

We have previbusiy iden ined adducts nimbae 1-5, 7 and 8 
(ref. 14). Peak number 1 was a tetraol hydrolysis product of the 
anti-BP diol epoxide, whereas adducts 2 and 4 represented 

deoxycytidine-derived products. The contribution of peak 4 to 
the total adduct formation was variable as it co-chromato- 
graphed with one of the tetraol hydrolysis products of the diol 
epoxide. Adducts 3 and 5 were reaction products with deoxy- 
guanosine, and numbers 7, 8 and 9 were deoxyadenosine 
products. With native calf thymus DNA the deoxyguanosine 
adducts represented 90% of those formed. However, the dis- 
tribution of adducts obtained depended on the reaction condi- 
tions used and was primarily a function of DNA secondary 
structure, that is, the more denatured the polymer the higher the 
proportion of adenine adducts obtained. 

We have previously reported’ that the pair of deoxy- 
guanosine adducts (peaks 3 and 5) obtained from reaction of 
racemic (+) anti-BP diol epoxide with native calf thymus DNA 
were probably diastereomers, as their high resolution mass 
spectra were identical and their circular dichroism spectra were 
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Fig. 1 Trithum-labelled racemic (+) anti-BP diol epoxide or the 
resolved enantiomers were incubated with 1 mg deproteinised 
native calf thymus DNA at an initial concentration of 1 hydro- 
carbon per 250 nucleotides in 0.01 M sodmm phosphate, pH 7.5, 
for 1h at 37°C. Unbound hydrocarbon was removed by ethyi 
acetate extraction and repeated of the 
DNA until zero time blanks contained <3% of the tritium of 
incubated samples. Routinely, incubated samples resulted in a 
modified DNA of 1 hydrocarbon per 8,000 base pairs The diol 
epoxide-treated DNA was converted to hydrocarbon—deoxy- 


deoxynucleosides and enzymes eluted with water. The hydro- 

carbon—deorynucleosides were Quan uantitatively recovered with 

methanol and analysed by HPLC! The elution profiles represent 

DNA reacted with: a, racemic (+) anti-BP diol epoxide; b, (+) 

МЕЗЕ Сеа, ДК ) ant-BP diol epoxide. The identity of 
—9 are discussed in the text. 


of similar shape but inverted. We have now demonstrated this 
result for both the deoxyguanosine and deoxyadenosine 
products by resolving the enantiomeric diol epoxides and carry- 
ing out adduct formation individually with DNA. The results of 
these reactions are shown in Fig. 15, c. These profiles indicate 
that the (+) enantiomer reacted to form deoxyguanosine adduct 
5 and deoxyadenosine adducts 7 and 9, whereas the (—) enan- 
tiomer resulted in deoxyguanosine adducts 3 and 6 and deoxy- 
adenosine adduct 8. Peaks 6 and 9, although not previously 
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identified, correspond to deoxyguanosine and deoxyadenosine. 


adducts, respectively, as indicated by fleld desorption mass 
spectrometry". 

Reaction of nucleophiles with anti-BP diol epoxide has been 
shown to occur exclusively at the benzylic C-10 position, with a 
preference for trans addition®, It is possible, however, that 
DNA secondary structure could influence the stereochemistry 
of the epoxide ring opening to give cis addition products as well. 
As the D-deoxyribose moiety of each nucleoside unit within the 
DNA polymer contains an asymmetrical centre at C-1, the 
reaction of a racemic mixture of (+)BP diol epoxide would be 
expected to yield a maximum of four diastereomeric products 
per alkylation site ((+) diol epoxide per D-deoxyribose, each 
with cis or trans addition at C-10 of the hydrocarbon). Reaction 
of the metabolically produced (+) anti- and (+) syn-BP diol 
epoxide!^! with the exocyclic amino groups of guanine, 
adenine and cytosine in DNA would result in 12 possible 
diastereomeric covalent adducts. Recent indirect evidence” 
suggests that the (—) and and (—) syn diol epoxides may also be 
made in vivo, and if this is the case then there would be 24 
possible products by reaction of the four hydrocarbons with the 
three exocyclic amino groups In DNA. We obtained two resol- 
vable deoxyadenosine diastereomers by reaction of the (+) 
anti-BP diol epoxide with DNA (adducts 7 and 9), which were 
probably the result of cis and trans addition of the adenine 
exocyclic amino group. Reaction of the (—) diol epoxide yielded 
peak 8 which by recycle chromatography consisted of two 
partially resolvable components. Each had virtually identical 
mass spectra’’, indicating that they were deoxyadenosine exo- 
cyclic amino adducts. Thus, the (~) enantiomer reacted with 
deoxyadenosine to give two adducts, in agreement with the 
above predictions. 

Three hydrocarbon-deoxyguanosine adducts were observed 
in the reaction of racemic (+) anti-BP diol epoxide with DNA— 
peaks 3, 5 and 6. Peaks 3 and 5 correspond to the major and, 
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Time (пип) 


Ең. 2 Racemic (+) anti-BP diol epoxide was reacted with: a, 
double-stranded (replicative) ФХ174 DNA; b, single-stranded 
(viral) ФХ174 DNA. Adducts were formed and isolated as 
described in Fig. 1. The ratio of diastereomers 
derived from the (+) and (—) hydrocarbon is 20:1 for double- 
stranded DNA (the ratio of peaks 5 to 3, panel a), and 20:17 for 
the single-stranded polymer (the ratio of peaks 5 to 3, panel Б). See 
text for discussion. 
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presumably, trans addition products of (—) and (+) diol epoxide 
with N?-deoxyguanosine, respectively. Peck 6, derived from the 
(—) enantiomer, was a relatively minor component and may 
correspond to either an exocyclic amino cis addition product or 
to a different guanine adduct with alkylation at some other site. 
For deoxycytidine only two adducts (peaks 2 and 4) were 
observed. The relative contributions of (+ and (~) anti-BP diol 
epoxide to these two peaks was difficult to assess, as peak 4 also 
contained varying amounts of a tetraol hydrolysis product. 
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Fig. 3 The structure and per cent distribu-ion of the principal 
guanine and adenine trans-addition products 5btained by reacting 
racemic (+) anti-BP diol epoxide with native calf thymus DNA. 
The distribution also includes any cis-additiom products (see text). 


Figure 3 shows the structures of the trcns-addition adducts 
and their per cent distribution obtained by reaction of racemic 
(+) anti-BP diol epoxide and native calf thymus DNA. (These 
percentages also represent any cís-additior products.) With the 
identification of adduct 9, we found that reaction of racemic (+) 
anti diol epoxide with DNA resulted in nearly equal distribution 
of deoxyadenosine diastereomer products, -hat is, adducts 7 and 
9 from the (+) enantiomer of the hydrocarton were about equal 
to adduct(s) 8 from the (—) enantiomer. By contrast, deoxy- 
guanosine in DNA reacted stereoselectivezy with racemic anti- 
BP diol epoxide, that is, the ratio of adduct 5 derived from the 
(+) hydrocarbon to that of adduct 3 from the (—) enantiomer was 
20: 1. The same ratio of diastereomers was 5btained by reaction 
of the optically resolved hydrocarbons ani native calf thymus 
DNA (Fig. 15, c). We initially postulated that the stereoselective 
binding could be a result of the hydrocarbons interacting 
asymmetrically with the secondary structure of DNA'^, This 
postulate was tested by reacting racemic (+) апі-ВР diol epox- 
ide with double (Fig. 2a) and single (Fig. 25) stranded ФХ174 
DNA. The same distribution of stereoselective guanine adducts 
was obtained with native calf thymus DNA (Fig. 1a) and 
double-stranded X174 DNA (Fig. 2a). Reaction of racemic 
(+) anti-BP diol epoxide with single-stranded X174, however, 
resulted in nearly equal distribution of aydrocarbon-deoxy- 
guanosine diastereomers (peaks 3 and 5). In addition, reaction 
with the single-stranded polydeoxynucleotide resulted in a 
significantly increased proportion of deox yadenosine adducts. 
These same results were obtained with aative and heat- or 
base-denatured calf thymus DNA. The rati» of deoxyguanosine 
diastereomers in tbe single-stranded calf thymus DNAs was 
approximately 1:1, and the proportion of deoxyadenosine 
adducts was 4096 compared to 1096 in the double-stranded 
polydeoxynucleotide. 

These results demonstrated that the asymmetrical binding of 
the two enantiomeric anti-BP diol epoxides to the exocyclic 
amino group of guanine in double-stranded DNA was depen- 
dent on the secondary structure of the po ymer. One possible 
mechanism for the ability of DNA secondary structure to dis- 
tinguish two enantiomeric molecules is by stereoselective phy- 
sical interactions (possibly intercalation) before covalent bind- 
ing. Intercalation or some other physical intzraction may readily 
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occur with the (+) enantiomer but not with the mirror image 
hydrocarbon. Alternatively, the noncovalent interactions could 
‘fix’ the hydrocarbon so that only one configuration is in a 
favourable position to react with the exocyclic amino group 
deoxyguanosine. The following observations suggest that inter- 
calation or some physical association between the BP diol 
epoxide and DNA take place before covalent binding: (1) as 
with intercalation of ВР?“ or actinomycin?’ into DNA, binding 
of the diol epoxide occurs with a preference for guanine sites, 
and (2) reaction with denatured DNA ‘randomises’ adduct 
formation (loss of stereoselectivity and more adenine binding). 
We propose such an intercalation model to account for the 
stereoselective interactions between BP diol epoxide and DNA. 
The lack of any stereoselectivity in the adenine covalent binding 
sites with either double- or single-stranded DNA suggests that 
the reaction mechanism may be different from that of guanine 
binding. In the case of adenine the hydrocarbon may react 
without any physical interactions modulating the ratio of dias- 
tereomers obtained. 

A correlation between DNA binding and carcinogenic or 
mutagenic potency has been reported for several polycyclic 
aromatic hydrocarbons’*. Wood' et 2125 have determined the 
difference in the mutagenic activities of the (+) and (—) anti-BP 
diol epoxides using a mammalian tissue culture cell line and two 
bacterial tester strains. The difference in mutagenic activity 
between the (--) and (—) anti diol epoxides in the mammalian 
cell line was of the same order as we found for the difference in 
the level of covalent binding of the two isomers to the N?- 
guanine site in native DNA. Therefore, the extent to which these 
activated hydrocarbons react chemically with DNA in vitro 
correlates with.their biological activities. These results suggest 
that, in addition to metabolic factors, chemical and physical 
interactions with DNA may be important in evaluating the 
biologica! potency of carcinogenic and aromatic hydrocarbons. 

The regulation of gene expression usually involves protein- 
nucleic acid interactions”. As we have demonstrated highly 
selective binding between small organic molecules and DNA, 
the possibility exists that this type of interaction may also have a 
regulatory role in the normal functioning cell. 

We thank Dr A. Burlingame for the high resolution mass 

spectra. This research was supported by the Biomedical and 
Environmental Research Division of the US Department of 
Energy. 
Note added in proof: Ot the four isomers, (+) and (—) anti- and 
(+) and (—) syn-BP diol epoxides, the (+) anti-configuration is 
the most carcinogenic in newborn mice**. Therefore, the extent 
of non-enzymatic, covalent binding of this enantiomer to double 
stranded DNA correlates not only with mutagenic activity? but 
also with tumorigenic potency. 
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Hydrolysis of protein in vacuoles 
isolated from 
higher plant tissue 


THE vacuoles of higher plant cells are known to be sites o 
deposition of salts and metabolites. A role as the lyti 
compartment has also been proposed’, and Matile has arguex 
that the vacuole participates in the metabolism of higher plan 
cells in the same way that lysosomes do in other organismi 
Recently, isolation methods have been developed which allow : 
direct analysis of vacuolar constituents and we have show: 
previously that the vacuoles isolated from the endosperm o 
young castor bean seedlings contain at least 25% of the cellula 
protein, 6296 of the sucrose and various hydrolytic enzyme 
(acid protease, carboxypeptidase, phoephodiesterase, RN Aase 
phytase апа f-glucosidase) in amounts indicating a primaril 
(possibly exclusive) vacuolar localisation?. In this tissue it i 
known that when the dry seed imbibes water the outer, water 
soluble matrix of the protein bodies is dissolved and smal 
vacuoles containing the protein crystalloid are formed. Thes. 
coalesce early in germination to form the large central vacuole 
and the remnants of the protein bodies disappear within a fex 
days as growth proceeds*. We have examined vacuoles isolate: 
from the endosperm of 4-d-old seedlings, when it is known that: 
net loss of protein is occurring. Here we compare the protei 
composition of the vacuoles with that of the origina 
protein bodies, and show that hydrolysis of th 
endogenous protein continues in the isolated vacuoles which ar 
free from other cellular components. 
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Fig. 1 Photomicrographs of a, protem bodies prepared from dry 
castor beans, and, b, vacuoles prepared from endosperm of 4-d-old 


seedlings and purified by passage into 40% sucrose containing 
0.1 mM EDTA’. Bars, 50 jum. 
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Table 1 Protein content of protein bodies and vacuoles 





Protein bodies Vacuoles 
(mg per 10°) (mg per 10°) 
Total protein 0.71 1.92 
Water soluble 0.14 (19.7) 0.90 (46.6) 
Water insoluble 0.57 (80.3) 1.02 (53.4) 


Isolated protein bodies and vacuoles (—1 mg protein іп 100 yl) were 
mixed with 1 ml of water. After removing the insoluble protein by 
centriguation (10,000g, 10 min), the soluble protein was precipitated 
with 1 ml of 10% trichloroacetic acid, dissolved in NaOH and assayed by 
the Lowry procedure’. The insoluble protein was calculated by subtrac- 
ting the amount of. soluble protein from the amount of total protein 
determined on NaOH extracts of trichloroacetic acid precipitates of 
initial samples. Values in parentheses show percentages. 


Seeds of castor bean (Ricinus communis cv. Hale) were 
soaked in running water for 1 d and germinated in moist vermi- 
culite at 30°C. Vacuoles were prepared as described pre- 
viously’, using 140 endosperm halves, removed from 4-d-old 
seedlings. The protein bodies were prepared from 20 dry seeds 
by the non-aqueous method of Yatsu and Jacks^. Figure 1a, b 
are photomicrographs of the isolated protein bodies and vacu- 
oles, to the same scale. From analysis of total protein and from 
haemacytometer counts of appropriate samples, it was deter- 
mined that the protein content of 10° protein bodies was 
0.71 mg and that of 10° vacuoles 1.92 mg. Thus, at 4 d, each 
isolated vacuole still contains an amount of protein equivalent to 
several original protein bodies, as anticipated from the micro- 
scopic examination’, 





Fig. 2 SDS electrophoretograms of the protein bodies (P) and 

vacuoles (V) shown in Fig. 1. Samples containing approximately, 

70 ug protein were subjected to SDS-polyacrylamide gel elec- 

trophoresis in the presence and absence of 8-mercaptoethanol 
(ME) according to Tully and H.B.?. 


As shown in Table 1, only 2096 of the total protein in protein 
bodies is water soluble, compared with 5096 in the 4-d vacuoles. 
This indicates that digestion of the (water-insoluble) crystalloid 
protein is proceeding. Figure 2 shows typical SDS electro- 
phoretograms of protein bodies and vacuoles. These were car- 
red out as described by Tully and H.B. and approximate 
molecular weights of components estimated". The whole protein 
body preparation yielded one major band (mw 60,000) and 
several minor bands, as previously shown?. In the vacuole 
preparation, the major band had disappeared and new protein 
bands, with lower mws (40,000, 30,000 and 18,000) were 
present. In the presence of 8-mercaptoethanol, three major 
bands (mws 41,000, 35,000 and 30,000) were seen after elec- 
trophoresis of the whole protein body preparation, whereas two 
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of these (mws 41,000 and 35,000) were not present in the 
vacuoles. These results show that larger protein components had 
been converted to smaller polypeptides, as expected from the 
action of hydrolytic enzymes known to be present in the vacu- 
oles. 

The vacuoles contain relatively high amounts of free amino 
acids (—90 nmol per mg protein). When intact vacuoles, as 
isolated in 40% sucrose, were incubated at 37 °C, the amount of 
free amino acid increased with time (Fig. 3a), showing that 
hydrolysis of endogenous protein was sustained in isolation. 
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Fig. 3 a, Progress of amino acid accumulation is isolated vacu- 
oles. For intact vacuoles (0), 40 ul of 50 mM citrate buffer, pH 5.0, 
in 40% sucrose was added to 10-1] samples of vacuolar pre- 
paration containing 156 ug protein. To obtain lysed vacuoles (@), 
40 ul citrate buffer, pH 5.0, without sucrose was added to similar 
aliquots of vacuoles. Samples were incubated at 37°C and the 
reaction terminated with 50 рі 10% trichloroacetic acid. After 
centrifugation the supernatant solutions were analysed for free 
amino acid using the ninhydrin method’, with glycine as standard. 
b, Aliquots of a vacuolar preparation (105 ag protein) were treated 
as above to give intact and lysed vacuoles; the pH of the citrate 
buffer was varied as shown. Intact vacuoles were incubated for 
30 min (0), and lysed vacuoles for 30 min (О) and 60 min (@) 
before amino acid analysis. A zero time control (Bi) is also shown. 


Much higher autolytic activities were observed when the sucrose 
concentration of the medium was reduced by a four-fold incre- 
ment of citrate buffer. As shown in Fig. 35, the optimum pH for 
autolysis in both intact and lysed vacuoles was 5.0, although the 
response of the lysed vacuoles showed a much sharper peak. 

Thus, the vacuoles show evidence that hydrolysis of endo- 
genous protein has occurred within them before isolation and 
that this process is sustained in isolation. This seems to be the 
first direct demonstration of the proteolytic function of these 
organelles in higher plants. 

This work was supported by grant PCM 75-23566 from the 
US NSF. М.М. received a travel grant from the Japan Society for 
Promotion of Science and a grant from the Matsunaga Foun- 
dation (Tokyo). 
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Beech bark disease 
and archaeological crop marks 


THE presence of ‘crop marks’ in aerial photographs is frequently 
used to detect archaeological features. These marks are 
produced by differences in plant size or colour which are related 
to the characteristics of the soil overlying or comprising the 
man-made feature. Pure stands of many arable crop species are 
known to show visible responses to soil heterogeneity. In the 
case of woody perennials we have found only one report 
describing the detection of archaeological structures by virtue of 
their influence on the growth of a crop’. This was the 
identification of ancient hut sites in Kenyan tea plantations 
where excess lime caused failure of the crop. We now report the 
detection of an ancient field system by virtue of its present-day 
relationship to patterns of a disorder in beech (Fagus sylvatica 
L.). 

An aerial photograph of pure beech stands planted between 
1920 and 1948 at Marden Forest, West Sussex, UK, shows some 
intriguing ‘geometrical’ patterns of chlorosis. In the area shown 
in Fig. 1 the trees were 25 yr old when the photograph was taken 
in 1973. A ground survey of this area revealed a series of scarps 
up to 1.4 m in height on gently sloping ground. The distribution 
of these scarps and their structure, as revealed by excavation of 
two of them, suggests that they are the remains of a field system 
of prehistoric or Romano-British origin. We have surveyed 
these scarps or lynchets, and Fig. 2 shows their relationship to 
the pattern of chlorosis plotted by photogrammetric techniques. 
Most of the affected trees seem to occur immediately below the 
scarps. 

Our original purpose in examining the photograph had been 
to detect spatial patterns of beech bark disease which is present 
at this site and is caused by the scale insect Cryptococcus fagi 
Bar. and the fungus Nectria coccinea (Pers. ex Fr.) Fries. Like 
many plant diseases, beech bark disease has been surveyed using 
aerial photography’, the symptom which makes such detection 
possible being foliar chlorosis’. This symptom may, however, be 
caused by other disorders; in particular, a nutritional deficiency 
in which beeches growing on thin calcareous soils are unable to 
absorb iron in adequate quantities’. 

The natural occurrence of nutrient imbalances in soil would 
not normally follow a spatial pattern of the type displayed by the 
chlorotic trees. At this site the soil is underlain by chalk and, in 
its undisturbed state, it probably included a shallow capping of 
slightly acid material. It is generally considered that in field 
systems of the type found here, gradual erosion over many years 





Fig. 1 Aerial photograph of geometrical patterns of foliar 
chlorosis at Marden Forest. (Crown copyright reserved.) 
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Fig.2 Map of ancient field system and associated areas of foliar 

chlorosis. Hachures represent scarps (field boundaries). Cross- 

hatching represents chlorosis. The arrows indicate the direction of 
the down-slope. 


of ploughing along the contour has removed soil from the areas 
below the field boundaries. Apparently this process, together 
with disturbance of the underlying chalk, has produced a soil 
alkaline to the surface so that conditions conducive to nutri- 
tional chlorosis have arisen very locally and in a geometrical 
pattern. 

Aerial detection of beech bark disease in areas where nutri- 
tional chlorosis is present would seem to be very difficult, 
although Parker“ reported that, in the chalk downland plan- 
tations examined during his study of beech bark disease, 
chlorosis was not due to nutritional causes. Furthermore, there 
may be interactions between nutritional factors and beech bark 
disease. Soil factors could affect the susceptibility of the trees to 
the disease, quite apart from the confusion arising from the 
production of chlorosis by one or both of the disorders. It would 
be useful to study the incidence of beech bark disease and of 
nutritional chlorosis in an area where their spatial patterns are 
superimposed but can be mapped separately. We believe that 
the abrupt changes in soil type at the Sussex site offer such an 
opportunity and we are now surveying in detail the soil variation 
and the incidence of beech bark disease in the chlorotic and 
non-chlorotic zones. 

The detection of this field system through observing chlorotic 
tree crowns suggests that the presence of woodland on a site of 
possible archaeological interest may be less of an obstacle to 
aerial survey work than has been generally supposed. As far as 
the detection and prediction of disorders in tree crops are 
concerned, our findings suggest that knowledge of the ways in 
which a soil has been modified by man’s activities is important to 
the plant pathologist as well as to those who are responsible for 
establishing and managing plantations. 

We thank Mr H. C. Bowen, of the Royal Commission on 
Historical Monuments, for discussions. 
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Low temperature techniques are now assuming a greater SR arcs 
in biological investigations and the papery in this book cover both the 
nature of the freezing -process in: cells and tissues, and the complex 
physiochemical properties of icas T as the application of low 


D. е methods to morphpiogal and analytical studios. This “With contributions by B. Bean, F. М. Bait ўны; 


DiS: Dennison, М: E. Feinleib, P. Filner, D.-P. Hum 
LN. Halfen, W. Haupt, A. Johnsson, B. G. Kan | 

R. M. Macnab, ©. К. Djakian, K. L: Poff, ` 

К: Raschke, P. Satir, R, L. Satter, K. Seitz, ` ace 
W. Shropshire, A. Sievers, B. M. Sweeney, - eo 
D. Volkmann, С. Wagner, M. H.Weisenseel, — "^. 
B. D. Whitaker, M. В, Wilkins, N. » Yadav , 


is an extengive discussion of these" ues. 










































This book contains a selection of papers dealing with low РЕ АНИНЕ 2 
microscopy ‘and/inicroanalysis which have appeared in the Journal of 
Microscopy over the last 9 months. Many of the papers are from the . 
Low Temperaturé Biological Microscopy meeting held in Cambridge 
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applied to biological systems. - 
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A revaluation of all values 


George Steiner 





Science in a Free Society. By P. Feyera- 
bend. Pp. 221. (New Left Books: London, 
1978.) £7.50. 


FORMALLY, this book is a mess. It is a 
patchwork of polemic, of autobio- 
graphical fragments, of re-iterations of 
or rapid addenda to an earlier book, 
Against Method: Outline of an Anarchistic 
Theory of Knowledge (New Left Books: 
London, 1978) In fact, it will make 
almost no sense to anyone who has not 
read Paul Feyerabend's main tract or 
who has not kept its principal arguments 
and areas of reference clearly in mind. 
The tone is, once again, truculent, self- 
serving, caustically dismissive of dissent 
and, at pivotal moments, rhetorical. A 
paragraph, chosen almost at random, will 
communicate the flavour and purpose 
(one can choose almost at random 
precisely because the technique of argu- 
ment is one of circular incantation): 


"Of course, our well conditioned materialis- 
tic contemporaries are liable to burst with 
excitement over events such as the moon- 
shots, the double helix, non-equilibrium 
thermodynamics. But let us look at the 
matter from a different point of view, and it 
becomes a ridiculous exercise in futility. It 
needed billions of dollars, thousands of 
well-trained assistants, years of hard work 
to enable some inarticulate and rather 
limited contemporaries to perform a few 
graceless hops in a place nobody in his 
right mind would think of visiting—a dried 
out, airless, hot stone. But mystics, using 
only their minds travelled across the 
celestial spheres to God himself whom they 
viewed in all his splendour receiving 
strength for continuing their lives and en- 
lightenment for themselves and their 
fellow men. It is only the illiteracy of the 
general public and of their stern trainers, 
the intellectuals, and their amazing lack of 
imagination that makes them reject such 
comparisons without further ado." 


The sleight-of-hand whereby moon- 
shots, work on DNA and the mathe- 
matics and/or technology of non-equili- 
brium thermodynamics are conflated 
is no less representative of Professor 
Feyerabend’s method than is the bullying 
lack of punctuation throughout the latter 
part of the passage. 

As readers of Against Method will 
know, the author has two principal and 
related aims: to demystify the alleged 
rationality and methodological integrity 
of the ‘exact’ sciences and to remove 
these sciences from the prestigious, 
politically and socially determinant róle 
which they play in current western society. 
To borrow Nietzsche's tag, Professor 


Paul Feyerabend 





Feyerabend is arguing for ‘а revaluation 
of all values’: 


“Bringing a faint smile to the faces of 
people who have been hurt, disappointed, 
depressed, who are paralysed by some 
‘truth’ or by the fear of death seems to me 
an achievement infinitely more important 
than the most sublime intellectual dis- 
covery: Nestroy, George S. Kaufman, 
Aristophanes, on my scale of values range 
far above Kant, Einstein and their anaemic 
imitators.” 


Feyerabend’s position might be defined 
as that of a ‘therapeutic anarchist’ (it is 
very close to that of an educational 
iconoclast such as llich, who figures in 
the text if not in the index). The enemy, 
among others, is Popper: Sir Karl is 
"a mere propagandist" whose teachings 
and following constitute “а tiny out- 
house" (elegance of expression is not 
among Professor Feyerabend's weak- 
nesses). But the fundamental enemy— 
and here Feyerabend's polemic is precisely 
on target—is “the rise of intellectualism 
in Ancient Greece", and the unfolding 
of thisintellectualism in the methodologies 
of Descartes and Kant and in the 
scientific world-image of Newton and his 
modern inheritors. It is this 'intellectu- 
alism’, this belief (Cillusory, naive, finally 
ludicrous, says Feyerabend) in ‘objective 
truths’ and in the disinterested passions 
of abstract, mathematically-grounded 
theorising, which have brought the west 
to its current state of confused inhumanity. 
Trapped in our naive, wasteful ‘scientism’, 
we no longer even have access to the 
pluralistic possibilities inherent in the 


Taken from the dust-jacket 


‘animism’, in the ‘mysticism’, in the 
intuitive, mythologically articulate men- 
talities and wealth of humane insight in 
cultures, in modes of apprehension which 
we have ostracised as ‘primitive’ or 
‘irrational’ (as if the actual proceedings 
which ied to the Copernican revolution 
or to Einsteinian relativity were not, in 
their own way, primitive and “irrational’), 

The text is most rewarding where it 
tells of the personal and pedagogic road 
which led Paul Feyerabend to his current 
stance. Kierkegeard’s  anti-rationalism 
was an incitement. Dada and the expres- 
sionist send-ups immediately after World 
War | were important (Feyerabend is 
absolutely right when he that 
Dadaists went deeper than anyone else 
in identifying the creative and decon- 
structive’ "miracle of language"). There 
were Austrian Marxism and the Vienna 
School, with its ultimately unfulfilled 
promise of a rigorous yet also accurately 
descriptive logic of the sciences, And, 
above all, perhaps, there was California, 
with its plethora ef informalities, instant 
utopias, 'Orientalisms', "'counter-cultures 
and liberating sunshine. 





notes 








lf Feyerabend often knocks down 
straw-men—who now refuses to argue 
the status of the exact sciences, what 


serious mind is mot worried about the 
technocratic enormities in our environ- 
ment and  politics?--he also 
shrewd hits. He is acute on the innocent 
'scientism" of the Vienna Circle; his 
critique of positivistic paradigms amends 
and deepens Kuhn. He is robustly anti- 
parochial, follow ng Protagoras in the 
conviction that a pluralistic view of 
values and ideals is the only way of 
stepping beyond one’s village towards the 
human community at large. Thus, Pro- 
fessor Feyerabend's plea for а new 
catholicity of understanding is often 
poignant and persuasive. Н is also, now 
and again, great fun. That a more patient 
sensibility, that 2 style of inquiry less 
contemptuous of disagreement, would 
give to Against Method a more effective 
place in the present climate of discourse, 
are considerations which, one fears, Paul 
Feyerabend would regard as time-serving, 
silly or both. The dust-jacket photo of the 
faintly sneering author seems to declare 
as much. This is a pity, for the issues 
raised are of the first importance, 
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Correlation of 
morphology 
with chemical 
composition 


Electron Probe Microanalysis in Bio- 
logy. Edited by D. A. Erasmus. Рр. 
248. (Chapman and Hall London, 
1978 ) £15. 


OFFERING the capability of - chemical 
analysis in situ at a subcellular level, 
electron-probe X-ray microanalysis is 


an exceptionally effective means for- 


the correlation of morphology and 
chemical composition Although the 
importance of the technique in biology 
is now well established, there are few 
texts giving the newcomer all-around 
guidance in its biological use Indeed, 
aside from the volume under review. 
only the 1977 book by John Chandler 
comes to mind 

The editor’s introduction is followed 
by a capable exposition by J' C Russ 
of physical fundamentals and ‘limits of 
performance The next two chapters 


are’ by J. A Chandler (“The applica- : 


tion of X-ray microanalysis in TEM to 
the study of ultrathin biological speci- 
mens—a review") and by A. J Mor- 
gan. T W Davies and D. A Erasmus 
(“Specimen preparation”). 
there is considerable overlap between 
these sections. Chandler's chapter 
features a very extensive coverage of 
the literature on biological applica- 
tions, whereas Morgan er al., provide 
a much fuller comparison of a variety 
of preparative procedures The chap- 
ter by T. C. Appleton (“The contribu- 


tion of cryo-ultramicrotomy to X-ray- 
microanalysis in biology”), is mainly a’. 


good up-to-date presentation of the 
difficult procedure of preparing ultra- 
thin. cryosections оѓ, quench-frozen 
material In .the following, chapter 


("The application of X-ray micro . 


analysis to histochemistry”), I. D. 
. Bowen and T. A. Ryder give а critical 
review of precipitation techniques with 
particular attention to enzyme local- 
isation The final section, ‘X-ray 


analysis applied to the study of renal 
tubular fluid samples" by H.O Gar- 
land. J. А. Brown and I. W Hender- 
son, describes the special techniques 
ased for the quantitative analysis of 












Erratum 


“9 The review of A Review of ‘Amino 
Transport Processes in Animal 
nd Tissues (Nature, 4 January; 


1979) was by C. W I. Owens, 
b in Clinical Medicine,, 
^ ted. 


Although : 


tiny samples .of fluid. obtained by 
micropuncture 
effectiveness of the 
method in this field 
Two limitations of the text should 
be noted. Firstly, as the editor states. 
“The field is ‘ . enormous and in or- 


electron-probe 


_der to follow^certain aspects in depth, 


the contents of this book haye been 
restricted essentially to the anhlysis of 
specimens in the transmission electron 
microscope." Nevertheless, although 
the ernphasis on transmission micro- 
scopy is plainly evident, much of the 
contents, especially with regard tq 
‘specimen preparation. applies. equally 


„мє! to studies based on scanning elec- 


tròn‘ microscopy, and indeed ‘the pub- 
lished X-ray analyses of micropuncture 
specimens have ‘generally been dorfe 
with scanning-type instruments - 

- Secondly, as an over-view, the text 
is very limited in the area of studies 
associated ‘with cryotechniques, «the 
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and -documents the . 


А temperatures 
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- quantitative analysis of diffusible ele- 


ments, and the attempt to control 
radiation damage by means of low 
Although Appleton’s 
chapter gives an excellent summary of 
procedures for preparing cryosections, 
major results from several laboratories 
on the quantitative analysis of diffusi- 


` bje elements in cryosections have been 
published too ‘recently- for inclusion 


- However, the analysis of diffusible: 
elements in cryosections is a field still’ 
in its infancy, and in any case requires 
specialised facilities. For the biological 
electron microscopist whose ЕМ 
column is fitted with X-ray micro- 
analytical facihties, the book gives a 
good idea of what can be done 
relatively readily, and how to begin 
doing it 

T. A. Hall 
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Selective controlled ` 
fusioris of 


membranes 


Cell - Surface Reviews. Vol 5 
Membrane Fusion. Edited by. G. „Poste 
and G. L. Nicholson Pp. 862. (North- 
Holland New York and Oxford, din ) 
$120 





SELECTIVE, controlled fusions of 
membranes have long been recognised 
as major features of cellular and sub- 
cellular interactions in' living organisms 
but only in recent years has any con- 
семей effort been made to establish 
their significance and to identify the 
molecular events involved. A ` com- 
prehensive treatment both of the 
‘phenomena and of attempts to account 
for them at the molecular level is 
thus both opportune and welcome. 
Poste and Nicolson have made 
excellent choices of topics and authors 
to provide this comprehensive cover- 
age, and the individual authors (with 
one or two exceptions) have’ poured all 
they had into i The result is a rather 


large book that takes a long time to, 


read, but the artioles and their extensive 
reference lists (with titles) provide a 
reservoir of information which those 
directly involved in fusion. studies will 
explore with relish and at which those 
with more limited interests will nibble 
with profit. 

Most of the book is inevitably taken 
up with descriptions of the circum- 
stances and conditions in which mem- 
brane fusion takes place both in vivo 
and in vitro Fusion events involved in 
fertilisation in invertebrates (chapter 
1) and in vertebrates (chapter 2) are 


discussed in ‘largely phenomenological 
terms. Somatic and sexual fusions in 
myxomycetes and in fungi (chapter’5) 
аге more amenable to studies of control 
factors. as also are myoblast fusion 


- (chapter 3) and macrophage fusion 


(chapter 4) The latter can be studied 
in culture conditions as well as if vivo. 
Plant cell protoplasts also provide a 
useful system for the study of the con- 
ditions required for cell fusion (chapter 
8) now that ‘effective means of removing 
cell walls have been devised. Fusion 
events which transfer both vesicle- 
enclosed ‘material and" membrane ‘itself 
through the intracellular system during 
endocytosis and/or, exocytosis are also 
extensively covered (chapters 9-12). 

· Detailed -descriptions of chemically 
induced (chapter 6), virus-induced 
(chapter .7) and Ca’*-induced (chapter 
8) fusions in vitro, provide a basis for 
speculations concerning factors which 
may, contribute to fusion processes in 
vivo Throughout the book there are, 
repeated references to possible .in- 
flunces of the nature and distribution 
of lipid components, the nature and 
distribution of protein: and glyco- 
protein components and levels of Ca** 
ions on a varlety of fusion processes, 
and there is a final chapter on problems 
in the physical interpretation of mem- 
brane interactions and fusion. . 

Thus this volume provides an author- 
itative. detailed and up-to-date assess- 
ment of studies relating to membrane 
fusion which will contribute sub- 
stantially both to our understanding of 
and experimental approach, to the 
problem І J. В. Finean 





J. B Finean is Reader in Molecular 
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The seventh and latest volume in this distinguished series cov-._ 
ers the literature from January 1976 through December 1976. 
Includes further references to the multitude of reagents pre- 
viously discussed In the series, as well as hundreds of reagents 
introduced for the first ume. Each reagent Is listed with its uses, 
source of supply, method of preparation, critrcal comments, 
and references. 

approx. 504 pp. (1-02918-1) Арй1979 $32.50 
Seven-volume Set: (1-05485-2) Aprl1979 $207 00 


IMINIGM SALTS IN ORGANIC 
CHEMISTRY, Part 2 

: Edited by H. Böhme & Н. а. Viehe 
Second part of a two-volume work descnbing practically all 
aspects of the tremendous potential of the Imintum-functons in 
synthons of nature, ind ‚ and research. Twenty-two contribu- 
tors from Europe, Russia, the USA, and Japan have written 14 
chapters in these two volumes, which r provide a nearly 
complete documentation and analysis of iminium salts. The 
great range of coverage provides an understanding of the sub- 
ject for the beginning organic chemist, as well as for those 
working in interdisciplinary fields of science 
Part2: approx p pp. (1-90693-X) 
Jan.1979 $68 
Parti. 631 pp. “a -90692-1) 1976 $51.95 


THIAZOLE AND ITS DERIVATIVES 

Chemistry of Heterocyclic Sompounds Series, 
Vol. 34, Parts 1, 2, 5 З 

Edited by Jacques Metzger 

These three volumes represent a s of this field over the 
past century up until December 1976. Part 1 discusses the pro- 
pertes and reactions of thiazole, ences synthetic methods for 
thiazole and thlazolium salts, alkyl, aryl, aralkyl, and related 
denvatrves; and more. Part 2 stresses aminothiazoles and thelr 
denvatives and mercaptothlazoles, hydroxythiazoles, and their 
denvatves. Part'3 deals with mesoionic thlazoles, dyes derived 
from thiazollum salts, and selenazole and derivatives. 
‘Part 1: approx 608 рр. (1-03993-4) 

Feb.1979 $80.00 

Part2: approx 576 pp. (1-04126-2) 

March 1979 $80.00 

Part3: approx 368 pp. (1-04127-0) 
April 1979 $40.00 (tent.) 


FERMENTATION AND 
ENZYME TECHNOLOGY 


Daniel L Wang, Charles L. Cooney, Arnold L. Demain, 
Peter Dunni, Arthur E. Humphrey, 5 Malcolm D. Lily 
Covers the basic microbiological, biochemical, genetic, and 
engineering aspects of fermentation, while presenting 
advanced methods of fermentation and control 


approx. 384 pp. (1-91945-4) Jan.1979 $25.00 


INORGANIC SYNTHESES, Vol. 19 
Edited by D.F. Shriver. 


This volume provides detzuled, tested synthetic procedures for 


inorganic and of current research 
interest. Each synthesis has been checked ma 
laboratory, chapters on metal atom syntheses, organ- 
ometalhcs conducting solids, mam group com- 


approx 304 pp. (1-04542-Х) 
Jan.1979 $25.00 


Cirole No. 08 on Reader Enquiry Card. 


THE BIOSYNTHESIS OF 


` AROMATIC COMPOUNDS 


Urich Weiss & J. Michael Edwards 

А comprehensive review of the chemical processes and sub- 
stances involved in the formation of benzenold rings by living 
organisms. Stresses the chemical nature of low molecular 
compounds that form the substrates of the biosynthetic 
processes. 


approx 624 pp (1-92690-6) Jan.1979 $29.50 


TECHNIQUES OF CHEMISTRY: Vol. 13, 
Laboratory Engineering and Manipulations, 

3rd Ed. . 

Edited by Edmond 8. Perry & Arnold Weissberger 

A Mua S] third edition of this volume from the 
important NIQUES OF CHEMISTRY series, with four 
completely revised and rewritten chapters (1, ll, Ill, and М) and 
four new chapters (IV, V, VI, and МШ) CONTENTS: Selection of 
Matenals for the Construction of Equipment Laboratory Heat 
Transfer. Grinding, Blending, Screening, and Classifying. Pumps 
and Flow Measurement Glove Box Technique Mixing. Vacuum 
Technique. Solvent Removal, Evaporation, and Drying. Index. 
approx.544 pp. (1-03275-1) Feb.1979 $40.00 


TECHNIQUES OF CHEMISTRY: Vol. 12, 


Separation and Purification, 3rd Ed. 
_Edited by Edmond S. Репу 5 Amold Welssberger 

Hn and Punfication" is part of the TECHNIQUES OF 

CHEMISTRY series that has become a world renowned treatise 

on modem chemistry technique. This new edition reflects the 
increase and greater importance of separation methods within 
the chemical sciences, resulting in a field now called Separation 
Science. 
438 pp. (1-02655-7) 1978 $30.00 


CONDENSED PYRAZINES 
Chemistry of Heterocyclic Compounds Series, 


Vol. 35 

G. W. H. Cheeseman & R. F Cookson 

Describes the preparation, properties, and uses of the more 
important bi- and tri-cyclic ring systems incorporating the pyra- 
zine ring. Contains a survey of the developments In the chems- 
try of quinoxalines since the appearance in 1953 of a previous 
monograph in this series, and also provides the first authorrta- 
tive reviews of the chemistry of such noteworthy related ring 
systems as the pyrrolopyrazines. 

approx. 752 pp. (1-38204-3) March1979 $100.00 


THE CHEMISTRY OF ANTITUMOR 


ANTIBIOTICS, Vol. 1 

Мат A. Remers 

The first book to deal with a number of antitumor anübiolce In 
acomprehensive way. Considers all aspects of their chemistry 
and biochemistry and much of their biology. Emphasizes the 
intellectual outlines of research in the subject Illustrates discov- 
ery of these agents and their development into clinically useful 
anticancer drugs. 


approx 292 pp. (1-01791-4) Feb.1979 32900 


Available at your bookstore or write to Nat Bodian, 
Dept. A 3597-092 
WILEY-INTERSCIENCE 
a division of John Wiley & Sons, inc. 
605 Third Avenue, New York, N.Y. 10016 
In Canada: 22 Worcester Road, Rexdale, Ontario 


Prices subject to change without notice. А 3598-51 
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New From Pergamon 


Recent and Forthcoming Titles in 


LIFE SCIENCES 


ù * ^om t 





 BIOSTATISTICS IN ИЯ Volume 3 . ADVANCES: IN PRABMABOLOGY & & Е . E MES 
International Encyclopedia of Pharmacology and ^- ^ THERAPEUTICS, 10-volume saf °°: , e 
Therapeutics S У Proceedings of the 7th‘international. Congress of ^". 
Section 7 Volume 3. “ie oe " Pharmacology, Paris, 1978 , E 
LE | кыр. Editors: J.R. Boissier, P. ‘Lechat, J. Fichelle, Paris; 
Editor, ‘A, L. Dolaunois, JF. and C. Heymeris Institute, France. d 
Gent, Веїйїшгї. ' M The Proceedings of a РЕСИВЕР Congress held in, , 5 vs 


à order to increase the exchange of pharmacological knowlédge . 


The third and, final volume of this series in the йәй йола! 
and to apply this knowledge for tha health’and benefit of: ~ 
Encyclopedia of Pharmacology and Therapeutics which deals mankind,- The Proceedings are published ап ® 10-volume set, 


with the application of statistics to medical science. This, 
Ith chased sepa : z 
particular volume emphasizes computer techniques used in А ae sach voluma: may Pe Pur rately. , ' d 


biostatistics for laboratory, fidid and industriel appliceitions. Мо. ' Wess ASTE Шак ано д ^t sU 
The artic 8s in this volume are designed to help the research No. Title 2 ZEE MS ‘Editor ` b 
` worker obtaiñ the maximum ofinformatiĝn from the mini- : Receptors ' уп Жр J. dagob `. 
mum of .axperiments. "Рог. easy reference, some tables Which 3 Neurotransmitterg 77 С! Ж “р. Simon ." orci 
appeared in Volumes-1 & 2 are reprinted and inserted In a :3.. lons-Cyclic Nucleotides-Cholinergy E C Stocdet ^ RM. 
pocket in ‘the inside back cover, ae a ‚ 4 © Prostaglandins — Immunopharmacology 'B.B. Vargaftig Я 
008 0215149 (Н  US$50.00 . £26.00 5  Neuropsychopharmacology , || Q Dumont, ,., 
228pp.. March 1979 . : 6 Clinical Pharmacology . ^. P. Duéhdhe-Merullaz 
E b: ср Br i rd an Clinical Pharmacology J.P. Tülement ` 
Drug-Action Modifications — ' 2 E 
THE RELEASE OF олоон FROM the Comperative Pharmacology га ое C 
ADRENERGIC NEURONS- 2 9 Toxicology ee T Y. Cohan А 
Editor David M. Paton, University of Auckland, R 2: 10 Chemotherapy . c v eee $ DUM ‚ Adolphe ~ 
New Zealand з= eg 10sVolume Sets 0 d dim 
With its critical review of the "mechanism of release of ^ * . 0 08 022680 9 .U8$500.00- £250.00 > ` ote p 
noradrenaline and dopamine from adrenergic neurons by Е А Individuel Volumes . OTt a ат js 
nerve stimulation, this volume presents the firai in-depth cm : na Е ere 
study of this subject T sr Each US$50.00 . 1826.6, February 1978. Pa AC RS 
It evaluates the techniques used- to study release and reviews | THE-CILIATED, PROTOZOA: ' E RES — ; 
the actions of drugs modifying the rel ease during nerve . CHARACTERIZATIÓN, CLASSIFICATION uc 
gimuiatign. oT AND. GUIDE TO THE. LITERATURE " e 
The subject has been reviewed over a broad fieldbya. ^ '. Johrí O. Corliss, University of Maryland, USAei. ^ 
_ number of distinguished authors. 7 к PASE. ei p тЫ t 
. . This new edition of a unique тегеп work provides an 
оов 021536 х Н) ^ US$40.00 ` £20.00 ` | MC innovative and thoroughly documented revision of the бетт. — 7 
' > 008,023755 x (F) US$20.00 ` l £10.00 | Ж SUM all classification of the expanding protistan phylum ` EC 
. 392pp January 1979 .' - ELM Za Ciliophora. This important'and long-néeded book will serve 
р is " ^ д Á as a comprehensive and authoritative reference work for © 
D NES ns student, teacher and ressarcher alike in call bi ogy,’ ecology, 
PLASMA PROTEIN PATHOLOGY: PERS and pollution biology, a well as in protodoology, parasit- | 
A workshop on.plasma proteins, het availabilty, ology and invertebrate zoology. О, ; зл уч 
assay and therapeutic uses | 0080187528(H) ^ US$40.00 ES NOTE Б 
‚ 455 Merch 1979 1517 Ш 20 lit. ref Mee avec 
Proceedings ofa Round Table Meeting, Seville, Spain,’ kid dpi AP id arbo d MM 
-30 Oct - 1 Nov 1977 Ей E NE no ^o (H) Hardcover АЕ E lexicover "gro 
„Editors: Н. Peeters, Lipid & Protein Department, " ' All prices are subject to change without notice. '' zog MES 
va For prices in Australia, Austria, Canada, Erance, F.R. hha EE 
"LBS; Brussels, Belgium: P.H. SHE Iren | стан ard New Zeland’ pone contact voa wens sce 
В Information Services, Inc., Brussels, lelgium ei Pergamon office. Customers exceptin UG апа, Eire pay,thea ү. 
This workshop wes sponsored by Travenol International . > > US Dollar price shown 5 0 А 
` Services; Hyland Division, Brussels, Belgium, Although many... wes, 
large national and international meetings have dealt with, . - S x 
various aspects of the topics presented here, it wes felt that | PERGAMON PRESS.: 7 . 
by bringing together a small group of experts in an informal x ache Eus 
setting, an easier and- more p exchange of ideas _ мее Press Limited y . еек Press 1пс 1. 
would be possible UD E Headington Hill Hall -> > à ‘Maxwell House... > 
0 08 023766 5 (H) . 08920.00. ооо 4,75, c, Oxford OX3 QBW: c c Fairview Park. , . 
7 . Februa 1979. un foie England " ^ goru ot (C Elmsford’ s on., 
сы йй S y 5 rd ‚ New York 10523 z 


ach o d ` - EM 
PEE) ws. У 


Clrole No. 07 on Reader Епашгу Card. 


Nature Vol. 277 1 February 1979 


Transform fecundus 
in chemistry - 


Transform Techniques іп Chemistry 
Edited by P R. Griffiths Pp. 385. 
(Plenum: New York and London, 
1978 ) $47.40. 





MANY spectroscopists, particularly those 
using nuclear magnetic resonance, have 
had their field revolutionised in the past 
few years by the introduction, of 
Fourier transform techniques; but have 
been forced to pick up the new folklore 
in a haphazard manner for.lack of a 
suitable general treatment of transform 
methods written from the point of view 
of the chemist. This excellent new 
book goes а long way towards satis- 
fying this need It.provides a convincing 
demonstration that the concept , of 
Fourier transformation is common to 
a whole range of physical techniques, 
ranging from the well-known NMR 
spectroscopy and infra-red, interfero- 
metry to the more recent Fourier trans- 
form ion cyclotron resonance ‘Although 
Fourier transformation naturally dom- 
inates the discussion, it is shown, that 
related techniques such as the Hada- 
mard and» Walsh- transforms can also 
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Soil profile | 
recording : we 


Soil Sampling and Soil Description By 
J. M. Hodgson. Pp241 (Clarendon 
Oxford University Press ' Oxford, 
1978.) £10. - F 


From the outset ‘it is essential to realise 
that this little book is not intended to 
be а field handbook Rather it is a 
review of ‘how and why’ specific pro- 
file . features `- "should be recorded 
together with & summary of the des- 
criptive methods adopted by various 
national and- mternational organisa- 
tions 

' fh the opening chapter the author 
considers the reasons for studying the 
soil in the field and the need to describe 
accurately profile features Chapters 2 
and 3 provide a concise’ review of 
methods of profile site selection, des- 
cription and preparation. ! 

The “оз and why’ of soil ne 
tion is the central theme of chapter 4, 
which provides a comprehensive list of 
the soil features the field scientist. is 
likely to encounter Unfortunately the 
approach adopted in this chapter is by 
no. means uniform Each. feature is 


dealt with in turn, in some instances ^ 


the reasons for selecting a particular 
feature are discussed in detail, whereas 


be useful to the spectroscopist in 
suitable circumstances. 

‚ This book is a collection of chapters 
by different authors, and сап be divided 
info the mathematical and data hand- 
ling topics (chapters 2-4, 7, and 11- 13) 
and applications to specific types of 
spectroscopy or chemistry (chapters 1, 
5, 6, 8-10 and 14) This method of 
compiling a book-has the obvious 
strength of allowing the important 
sections to be written by the appro- 
priate expert; in the present case there 
is an excellent description of Fourier 
transform ion cyclotron resonance by 
Comisarow. On the other. hand, mul- 
tiple authorship can mean undesirable 
repetitjon. Worse still, a given topic 
may be treated superficially several 
times over, no, single author wishing to 
devote enough space for a definitive 
discussion. For example, the practice of 
‘zero-filling’ — interferograms raises 
some fairly fundamental questions that 
are seldom answered to the satisfaction 
of the average spectroscopist, and one 
would have expected the present 
volume to tackle this hot potato once 
and for all Instead the subject is 
treated separately in chapters 4, 8 and 
11, in each case rather uncritically. , 

This is an extremely useful book for 
locating those elusive but vital pieces 
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of information the research worker 
always seems to >e looking for; at the 
same time the general concepts are very 
well treated. Most readers will be sur- 
prised at the number of different areas 
where transform techniques are used 
and how related problems turn up in 
different forms i the different fields 
This broadening of our understanding 
could well lead t» new experiments in- 
spired by the methods used by our 
colleagues. Evervone will find some- 
thing new in this book Even the jargon 
of our fellow spectroscopists can come 
as a surprise; the reviewer particularly 
noticed “dichotomizer’, “cross- 
correlogram”’, “decimation” and 
"transgeneration". 
. їп spite of che use of multiple 
authors, the material presented 1$ 
remarkábly up-tc-date, and there seem 
to be no glaring omissions It would 
have been nice, however, to have seen 
some mention of Fourier transform 
methods of NMR imaging (zeugmato- 
graphy) and the developing field of 
two-dimensional Fourier transforma- 
tion. 

Ray Freeman 





Ray Freeman is Lecturer in the Physical 
Chemistry Laboratory at the University oj 
Oxford, UK. 





in others the- importance is assumed 
to be obvious Similarly when dealing 
with possible means of measuring or 
classifying a particular feature the 
methods are sometimes considered in 
detail. a$ for example in.the case of 
structure or as in the case of roots 
only perfunctorily. . 

This long account. із followed by two 


. succinct chapters covering ‘techniques 


of data recording and sample collection 
Of particular value is the section on 
recording of data in a form amenable 
to computer stórage. (In this section 
figures: 55 and 5.8 are transposed ) 
The final chapter is in the form of a 
summary of the proflle features used in 
soil description by some 28 different 
organisations “The reviews are neces- 
sarily brief and 'details are only given 
where the procedure or feature used 
differs from those in the USDA 1951 
Handbook. This chapter is valuable if 
only because it brings together for the 
"first time the approaches adopted by a 
variety of agencies. 

‘Overall one is left with the question 
of what is the purpose of this book? 
Had the chapters on the ‘how and why’ 
of soil description considered the ques- 
tion of ‘why’ in greater depth then this 
would infers have been a useful text 

M. J. Alexander 





М. 1 Alexander is Lecturer in Geography 
at the University of Durham, UK. 
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Quantum 
chemistry 


Quantum Chemistry. (Reference Edition.) 
By J. P. Lowe. Pp. 599. (Academic: 
New York, San Francisco and London, 
1978.) $49.50; £32.15. 


QUANTUM CHEMISTRY signifies different . 


things to different minds. Some forget 
the ‘chemistry’ and provide for chemists 
simplified, or simply curtailed, versions 
of books on quantum mechanics. Some 
concentrate on molecular properties with 
and without spectroscopy; others con- 
centrate on molecular structure. The last 
are increasingly based on computer 


techniques—as they should be—for they ' 


have provided the most important quan- 
titative advances in recent years. In them 
lies the hope of simulating more pre- 
cisely the processes that occur when 
molecules undergo the dramatic changes 
that result in reaction, and in them lies 
one of the very few tests we possess of the 
qualitative ideas that underlie our under- 
standing of the equilibrium geometries 
of molecules as well as their reaction 
characteristics. 

Dr Lowe has written a book that 
covers parts of this well trodden ground. 
It is aimed principally at readers whose 
interest is in molecular structure, and to 
say what is not in it may be as helpful 
as saying what i$ in it: thus it is not a 
spectroscopy book, nor is it a molecular 
properties book. It does, however, deal 
with basic quantum mechanics (but 
reserves operator properties until well on 
into the text), atomic structure, and then, 
for, over half the book, molecular 
structure. The level of treatment of 
molecules is slightly beyond what under- 
graduates normally meet, arid covers 
basic LCAO-MO theory, Hückel theory, 
and SCF-MO theory. The final chapter, 
which T suspect the author is proud 
of most, is .on ‘qualitative molecular 
orbital theory’, which turns out to be the 
Walsh-type argument for structure and 
Woodward-Hoffmann rules for reactivity. 

Although the ‘basic: material is treated 


in other books with similar titles, there are - 
aspects of the treatment that make the , 


book attractive. The author clearly has 
an eye for the interesting analogy and 
felicitous example, and ‘readers will 
enjoy the sensitivity of his exposition. 
There are places where he apparently 
has not troubled to think up an explana- 
tion (for example, the Hund rules), but 
on the whole readers will find themselves 
in the presence of an imaginative and 
reliable interpreter. 

At various points I thought the author's 
judgement faltered. For instance, I think 
very little purpose is-served by working 
through in detail the old-fashioned way 
of solving 
Schródinger equation; and even less is 


the harmonic oscillator ` 


served by sketching the hydrogen atom 
solution before talking about angular 
momentum, leaving angular‘ momentum 
itself largely unexplained, arid being 
unhelpful ‘about spin. Hiickel theory is 
old hat, but it was nice to see modern 
judgements (and comparison with experi- 
ments, as in hyperfine coupling con- 
stants) brought into the discussion. 
Various nice examples of perturbation 
theory are presented, and group theory is 
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presented in a suitably pragmatic way. _ 
In summary, Dr Lowe has written a 
nice book, which covers old ground in a 
pedagogically attractive and largely con- 
temporary way. Readers will find it an 
agreeable, accessible commentary on 
modern structural quantum chemistry. 
P. W. Atkins 


P. W. Atkins is Lecturer in Physical Chemistry 
at the University of Oxford, UK. 





Insect 
behaviour 


Insect Behavior. By R. W. Matthews 
and J. R. Matthews. Pp. 507. (John 
Wiley: ' Chichester, UK; and New 


York, 1978.) £15.85. 


Tr is rare to find a major gap in the 
present plethora of scientific books but 
a treatise on insect behaviour has been 
badly needed for years. There is surely 
more published work on this subject 
than -on the behaviour of any other 
animal -group. A great part is descrip- 
tive: and ‘no small part anecdotal but 
insect behaviour has also been the sub- 
ject of innumerable analytical studies, 
the special strength of which has been 
their leaning toward physiology rather 
than psychology. 

This book makes a bold and within 
its purpose successful attempt to fill 
the gap. Faced with the superabund- 
ance of information and the' infinite 
diversity of insect behaviour the authors 
had to choose between breadth and 
depth, and chose breadth. Comprehen- 
siveness probably was in fact the most 
pressing requirement for a first book 
in the field, one that would serve as a 
detailed: ‘guidebook’ for -entomologists 
and behaviourists generally. 

Inevitabiy it will be said that in try- 
ing to cover everything the authors 
succeed in saying little about anything. 
Again and again the reader is tantalised 
by the opening of an' interesting topic 
only to find it closed again for another. 
However, while holding to their com- 
prehensive purpose the authors have 
gone some way to meeting this criti- 
cism by frequently interpolating fuller 
case-studies', and by ending every small 
subsection with citation of up-to-date 


reviews and books on that specific 


theme, an invaluable feature. It is diffi- 
cult to think of any topic that does not 
get some introductory treatment in the 
book: slave-making and Zeitgebers, 
cannibalism and coyness, heritability, 
fücker-fusion, the. r-X spectrum, 
Solanum alkaloids, stimulus . filtering, 
bioluminescence, parental investment 
. . . it is all there. The large Subject 
Index unfortunately does not ad- 
equately underpin the guidebook func- 


tion, the bulk of it being insect names. 
Let us hope the authors will provide a 
fuller one in future editions. 

The authors describe the: general 
approach of their book as “ethologi- 
cal", ‘meaning a primary concern with 
descriptions, functions, behavioural 
ecology and evolution. After an intro- 
ductory -chapter including a warning 
against anthromorphism and teleology, 
one chapter of 40 pages deals sketchily 
with nervous and hormonal mech- 
anisms. The rest of the book is devoted 
to the gamut of behavioural activities 
under two main heads, “maintenance 
activities” of individuals, and `“сот- 
municatory activities" between indi- 
viduals of the same or different species. 
Maintenance is covered in chapters on 
"Spatial Adjustment” (locomotion, 
orientation, dispersal and migration) 
and ‘Feeding Behavior" (plant rela- 
tions, food location, social feeding, food 
recognition and feeding regulation). . 

Communicatory activities take up 
the remaining 300 pages: out of the 
total of 500, an emphasis reflecting the 
enormously increased recent academic 
and practical interest in these matters. 
Chemical. visual and mechanical (in- 
cluding acoustic) communication each 
have a chapter followed by three more 


- strictly focussed on activity types, de- 


fensive and reproductive behaviour, 
brood care and social life. The arrange- 
ment is novel and effective. Tllustra- 
tions are profuse, one on almost every 
other page, and include many photo- 

graphs which have not all reproduced 
well. The reviewer has found one or 
two erroneous passages and it would 
be astonishing if there were not more 
in such an ambitious undertaking 
There is naturally a.certain transatian- 
tic bias: it is strange. for example, not 
to find Е Huber's work Їп ап account 
of acoustic communication. 

The book remains a monumental 
guldebook which insect and ‘other be- 
haviourists wilf want to have access to 


for: years to come. С 
: J. S. Kennedy 





I S. Kennedy is Senior. Research -Fellow 
and Emeritus Profetsor of Animal 
Behaviour at Imperial College of Science 
and Technology, University of London, 
UK. 
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Sulfur in the Environment 
by J.O. Nriagu, Canadian Centre for Inland Waters. 


Part 1: The Atmospheric Cycle 

A comprehensive interdisciplinary volume of articles, written 
by leading international experts, focusing on the chemical 
behaviour and biological effects of pollutant sulphur in the 
biosphere. It includes chapters on the sources, behaviour, and 
transport of atmospheric sulphur as well as on the costs and 
benefits of controlling sulphur emissions and the ambient air 
monitoring for pollutant sulphur compounds. /Environmental 
Science and Technology Series} 


January 1979 
0471 02942 4 


Part 2: Ecological Impacts 

This volume includes chapters on the biological, ecological, and 
health significance of sulphur pollution. (Environmental 
Science and Technology Series) 


January 1979 494 pages 
0471 04255 2 $45.00/£24.00 


Energy Utilization and Environmental 
Health: Methods for Prediction and 


Evaluation of Impact on Human Health 


edited by R.A. Wadden, University of Illinois School of Public 
Health. 


The contributors explain and demonstrate evaluation methods 
that can be used to incorporate public health considerations 
into the planning process of energy production facilities and 
pollution control strategies. The roles and interrelationship of 
Sources, receptors, and the environment of basic data and 
methods to real problems in environmental planning is 
demonstrated. (Environmental Science and Technology Series) 


December 1978 216 pages 
0471 04185 8 $31.65/£16.90 


Principles of Ecotoxicology: SCOPE 12 


by G.C. Butler, Director, Division of Biological Sciences, 
National Research Council, Ottawa. 


For more than two years the programme of the Scientific 
Committee on Problems of the Environment (SCOPE), a 
committee of the International Council of Scientific Unions 
(ICSU), has included a project on Ecotoxicology. The objective of 
this project is to publish a book that will be useful to people 
dealing with the scientific aspects of pollution and to provide a 
suitable source-book for teaching graduate students the new 
science of Ecotoxicology. (SCOPE Series) 

Contents: SECTION 1: ENVIRONMENTAL BEHAVIOUR OF 
POLLUTANTS : General Considerations; Abiotic Processes; 
Biotic Processes; Models for Total Transport; Estimation of 
Doses and Integrated Doses; SECTION Н: THE STATISTICAL 
ANALYSIS OF DOSE-EFFECT RELATIONSHIPS: The Statistical 
Analysis of Dose-Effect Relationships; SECTION Hi: EXPERI- 
MENTAL TOXICOLOGY AND FIELD OBSERVATIONS RELATED 
TO ECOTOXICOLOGY: General Aspects of Toxicology; 
Terrestrial Animals; Aquatic Animals; Terrestrial Plants and 
Plant Communities; Ecotoxicology of Aquatic Plant Com- 
munities; Toxic Effect of Pollutants on Plankton; Toxic Effects of 
Pollutants on Microorganisms; Physical and Chemical Changes 
in the Environment with Indirect Biological Effects; SECTION 
IV: ECOSYSTEM RESPONSE TO POLLUTION: Ecosystem Re- 
sponse to Pollution: SECTION V: CONCLUSIONS: Conclusions. 
December 1978 372 pages 
0471 99638 6 (paper only) $35.00/£14.00 


478 pages 
$43.50/£23.00 


NEW YORK: CHICHESTER 
BRISBANE : TORONTO 


Principles of Sedimentology 
by G.M. Friedman, Rensselaer Polytechnic Institute, 

Troy, New York, 

and J.E. Sanders, Barnard College, New York. 

The f.eld of sedimentology is surveyed comprehensively with а 
discussion of individual particles, physical, chemical and 
biological processes; depositional environments; stratigraphic 
units; and sedimentary tectonics. The wide coverage ranged 
from surface to subsurface, from submicroscopic to lithos- 
pheric plates. Problems and techniques for studying sub- 
surface strata in relation to oil, gas, weter, and mineral 
exploration are emphasised. 
November 1978 

0471 75245 2 


Geological Evolution of North America 


3rd Ed. 


by C.W. Stearn, R.L. Carroll, and T.H. Clark, 
all of McGill University, Montreal. 


808 pages 
$28.70/£15.70 


The authors use a regional approach to present the principles 
by which the earth's history is interpreted in terms of plate 
tectonics and describe the development of a single continent as 
opposed to a world overview. This edition has been completely 
rewritten and includes a full chapter on evolution. Satellite 
imagery has been used extensively for illustration. 

January 1979 
0471 07252 4 


575 pages 
$22.50/£11.95 


Hydrometry: Principles and Practices 


edited by R.W. Herschy, Department of the Environment, 
Water Data Unit, Reading. 


Streamflow data are required for the design of water supply 
systems, control of pollution, design of highway bridges and 
culverts, management of flood plains, forecast and manage- 
ment of floods, production of power, design and maintenance 
of navigation facilities, allocation of water for irrigation and 
industry, and for the development of recreation facilities. This 
book deals with methods of measuring flow in rivers and open 
channels to obtain the necessary data to serve the above 
functions. 


December 1978 
0471 99649 1 


Weirs and Flumes for Flow 


Measurement 


by P. Ackers, Binnie & Partners, Consulting Engineers, London 
W.R. White, J.A. Perkins and A.J.M. Harrison, 
Hydraulics Research Station, Wallingford, Berks 


This book covers both theoretical and practical aspects of water 
measurement using gauging structures. 115 scope covers small 
discharges in laboratories and processing plants, as well as 
those larger discharges in rivers that remain amenable to 
measurement by this technique. The authors' policy has been 
to deal comprehensively with the most important flow- 
measuring structures for use in the field, the works and the 
hydraulic laboratory. The book gives sufficient theory for the 
user to understand the hydraulics of weirs and flumes but 
concentrates on the provision of practical information on the 
selection of the best type of structure the determination of 
suitable geometry and dimensions, the preparation of an 
accurate calibration, and methods of overcoming the practical 
and environmental problems, especially in river installation 


November 1978 348 pages 
0471 99637 8 $45 00/£19.50 


524 pages 
$53.00/£24.00 


John Wiley & Sons Limited 
Baffins Lane - Chichester : Sussex PO 19 1UD - England 
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The The Physiology: of Excitable Cells. 


D. J. AIDLEY 


The second edition ofDr. Айөў 5 ‘widely sismo. 
book retains the basic organisation of its predecessor, 
but incorporates. many of the recent:advances in our 
understanding ofthe physiofogy of excitable celis. 


'Aidley succeeds brilliantly because he couples broad: 


knowledge with an-exceptional talent for clear 
. exposition and with an interesting and even gracetul ^ 


style.’ 


r 


W First Paperback Edition- 


Ка 


` Gauge Theories of: - <‹ ee 
` Wea inte rachons - se Е 


J.C. TAYLOR 


In recent years the study of weak interdicto has di 


T 


tel Blosclencs- 


' "research workers. 


Hard covers £22.50 net ` 


‚крик 


m "m 


been transformed by the development of gauge 
theories which display the unity of weak interáctions 
^ with electromagnetism. The basic principles of gay 


theories are explained, and the text will be accessi le m 


* to anyone acquainted with the ) basics с of fquantumi held: 


theory and Feynman graphs. i 

к а оп Ma thematical Rhysics 3! 
Z.. 3.75 net 

The Identification of ` 2 NP 

pee Plant. Families | "PS 


PHI H. DAVIS and J. CULLEN 


This new; revised edition will enable the ease to, А 


identify all tlowering plant families normally found . 
erther wild or-in cultivation. The authors have included 


an illustrated discussion of floral structure and. 


ent 


terminology and provided keys to 272 families with . 

.. explanations of how to use them This book will be: 
, particularly appealing fo students of botany and ^ ~ 
"horticulture, amateur, and professional botanists and. - 


reed. - 


{` 


po НЫ 


covers £6.00 net. 
Caper ыш да Ё 
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“Mechanical Behaviour а Ceramics... 
SR.OW.DAVIDGE. ^ :. 
"The science of the mechanical behaviour of 


++ 


- Tu engineering ceramics has fiów reactied i a stage where - 


it ts being used, increasingly: Хог. engineering. , 

applications. This volume which- brings together. all the 
information previously scattered in numerous journals 
presents the scientific foundations of mechanical - . 
behaviour-and demonstrates how these can be used in ' 
engineering situations. This isa useful textfor ^'^: ~ 
students on materials-orientated courses andfor - | 


Cambridge Solid Sta 16:5 Science Series ~ £15. 00 net. |> 


^ ‘ 


Electrical Properties of {Polymers 


A.R. BLYTHE * 


This beok provides an ао to the-theory, 
experimental observations and use of electrical · ·. . 
properties of polymeric materials. The subject is - 
inherently interdisciplinary, being closely allied to the: 
mechanical properties of polymers on thé one hand _ 

and the semiconductive properties of inorganic 
substances'on. the other. This unique textbook which 


‚© ıs the first to cover the whole field will be invaluable to: bs 


students takirig courses in ee science and > 
technology. 
Cambridgé Solid Sta es Science, Sere £17. 50 net 


^ 


Arid- Гата Ecosystems: 
Volume 1 
Structure, Functioning and Management - ~> 


D.W. GOODALL and R. A.PERRY `’ 


Man's use of arid lands'is'à sad record of'deterioration ` 

of the natural resource base and a decline inthe living - 
standards of the people inhabrting these territories, a >, 
situation which can only be réversed if more is known. ЦЕ. 
about and-land ‘ecosystems. This volumeandits, | ‘ ° 1 
companion provide a wealth of information оп аі... 3 
aspects of desert areas, which will be of iss sid 
to university teachers and professional ecologists. Dc 
throughout the world.” T 
International Biological game 16: £37. 50 nel ; 


uos a # 0з, 


А Саѕе Studies iri Genetics ` Soe Pe 


M. A. TRIBE; |.:TALLAN and M. R. nun: 
This book provides. an introduction to the.fundarriental; : 
cohcepts:of genetics through а series of well - '' '. 
researched case studies.with:special emphasis on. 
human genetics. The book is designed for first-year И 
undergraduatés with а background in cell division, 
elementary génetics, protein’ synthesis and elernentary,- 


‘probability theory. The book follows the self-.- ~ s<.. í 


instructional format of the others in the series, and ~- 
includes án extensive array of self-assessment ` + 
questions and an extensive glossary of terms., i... à 
. _ Hard covers ! £9: 50. пеќ А 
* Bile Blology Colirse 12 A4 Paca bound £3.95 net ‘Tr 
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Recent scientific and technical books 


KLYNE, W., and BUCKING J. Atlas of Stereochemustry: Absolute 
of Organic Molecules.. Vol 1: p rx s КИТ 
Vol 2 . +241, ISBN-0-412- 15460-9. Second edrbon. (London: Chapman 


Ee enue. Liquid Chroma: A 
. (Edrnburgh: Edinburgh nrverxity Press, 1 ) 


+599. ISBN-0-12-457550-1. (New 
of Harcourt Brace Jovanovich, 


viu +205, ISBN-0-85224-341- 
net. 


and SOMORJAI соон ). Progr in Sold State 
Vor i LPs ISB 3, (Oxford and York: Pergamon 


Press, £22.50 
NORMAN R О.С. Fete pics of Orman Syntbests, Second edition. +800, 
ISSN SA 20179 and Hall, Lid, New Y Halsted 
Divison KE Wiley and Sons, 1978. First published 1968.) £9.95. 
PAD. Saul (odrted Chenustry of in Carbon-Carbon пре 
: 1-99497-9. Part 2- + 523-1065. ISBN-0-471- 


PAUL, D. R. and NEWMAN ч edited by, Polymer Bleads. Vol 1: 
xv 50Г. ISBN-0-12-546801-6 " an 1). $47.50 .85. Vol. 2 Ppxv-4- 435. 
BN-0-12-546802-4 (v.2) xu £27.30. (New York and London: Academic Press, 
a Subsidiary of Harcourt Brace Jovanovich, Publsbors, 1978 ) 
PYE, L. D., FRECHETTE, V р.а and KREIDL, N. J. (edited by). Bonito 
Scrence Ressarch, 


Properties, 

306-40016-2. 

UR, Raymond B. (edited. by). Additives for Plastics. Vol. 

A уш + IABIN O 12637501- 1 (v.1). (New York and Londen Academe 
beediary of Harcourt Brace Jovanovich, Publisher, 1978.) $£17.50, 


EN Maurice, and MONIOT, Jarome L. Isoquinoline Alkaloids Research, 
977, Phor +425, ISBN-0-306-3 1059-7, (New York and London: Plenum 


TOMPKI Tu Ж Vg meta etin of Gases on Metals. Pp.xu-+ 370. iSBN-0-12- 
694650-7. (London and New York. Acsdemuc Pross, a Subzdiary of Harcourt 
Brace 1978.) £16.80. 
bor, апд STULIK, Karol Anales With Ion 

M. Stuhkova. Horwood Senes ш 
312-092-7. (i Ella Horwood, 
d Press, а Drvision of John Wiley and Sons, 


).. Advances in Laser mp Chemkin, rre оГ of 
ашык А of Technology, Pasadena, USA, March 


the.Conference, 
9) ecd IS ISBN-3-540-08997-7 (Berin and New York: Springer- veig 
1978.) DM69; $34.50. ; 

T 

CLIFT, R, GRACE, J. R. And WEBER, M. E. Bubbles, Drops. and Particles 
Pp.xth +380. ISBN-0-12-176950-X. x New Y and London Academuc Press, 
a Sube: of Harcourt Brace J Бнр 1978.) $32, £20.80. 

CU .G W. сава WANG, C. e [CT Semconductors 
for Electronic Deae a +499 Berlin and New York: 
Springer-V 973.) DM! 

C EUSUMAN , James A, M Ralph A. Da 


ph and LEVY. Ricardo B. 

Pp аш +272, ISBN-0-12-199935-1. (New York and 

гоа а о таа рр аш or Harcourt Brace Jovanovich, Publishers, 
ur Pl 213.65. 

i of The Rubber Dino ofthe Amicus Cinca of Rubber (Under 


thea of the Rubber Divinon of the American Chemical aad id uide 
ISBN-G-12-234360-3. (New York nad London. 

Harcourt Braco Jovanovich, Publishers, 1978. EE £27.30. 

ENERGY MODELING. FOR AN UNCERTAIN FUTURE. of Nuciear 


Choros lor Ош Energy Futuro: А Royal Institution Р Pp. 208. ISBN-0-435- 

54770-4. ducationa!l Books, Ltd , 1978.) £5.90. 

led Fibro Science, VoL 1. Pp ху + 562 ISBN-0-12- 
* Асабепис Press, а Subudiary of Harcourt 


lot Coal eau: Coal Products: 


[959414 (v. 1) (Nem 
1-4 (v. Пеи York and London Academie 
Jovanovich, Lacie i 1978-) 349-30, £32.15. 
Programming. 


— Advances in 
Theory and Applications, VoL 14. xix + 384. 13 N-0-12-012714-8. ici ev Yod York 
and London' demuc Press, а Submdiary of Harcourt 
Pu TEE £12. 


LEO RD: W. е IFAC Sh ia Power nier Mone noe 


ovanovnech, 


ny Б 1977) Pp au 41026: твое о (Orford and 
New York: Porgamon Pross, Published for the International 
Automatic Control ) £65. 
PRATT, William К. Digital Image Pp.x 4-750. ISBN-0-471-01888-0 
(New York and Chichester Wibey-Interscsenco, and 1978.) £20.80. 
PRINCE, Alan. Mul Alloy es bh , 1953—1973. 
a D" ISBN-0-904357-19-8. (London. The Metals ‚ 1978.) £30 
RICK WOOD, D. (edited by) * a Practical Approach. Pp.yni+ 224 
ISBN-0504147-I 0-Х: (London and W. DC. рате чыр Mer eal Lid. 


1978 
RODDY. D. чс ae Ыюктознстопса.. Beond edilon: и 
Internapooal Li Library Sconce, ыан and tudes.’ 
HE E SSH -000226854 (Oxford New York: Press, ony 
BALT, Ваар. Programmes for Animation. a Handbook for Anrmation Tech- 
$1 Animation for a 


roclans, oe in fi Programmable à 

18BN-0-08-0231 M i and New C Porgamon 1978.) £50. 
STANDARD OF THE ENERGY ECONO : а Glossary for 

Enginecrs, Research W Industrialsts over 


DC, Yor the US Department af Ene 
Манаса, DC, and the 


and New York: . 


A. 4 x! 


Resoarch Apod d Directorate for Scenufic, 
terngtiong] Affairs. T N-0-08-023248-4. Pp.675. (Oxford and 
1 Pergamon Press, 1978 ) £25. 

THE AVALUATION AND CALIRRATION OF ULTRASONIC TRANS- 

DUCERS. abasic Стаса by the Materials and Testm, 

Geological Society of London, London, 11-12 Ma 
па тро ооой (Guildford, Surrey = IPC Ѕсюосе and T 
Prom 1978.) £16. 

UNTERMANN, Richard К. Галер and Practices of Огайо, Dr Drainage and 
Road А! t An Ecologxal Approach. Рр.х +297 -0-87909-64 1-1. 
Prat гра, , and Неге! ГГ NA Reston Publishmg Company, Inc., a 

Halcon y, 1978 ) £13 
T., and WINSTON, The of No ng Con- 
corte ‘Light aad Soler Bae Pe P200 ISBA 0-12: 745350-4. (New York 
and London: Academic а Subediary of Harcourt Brace Jovanovich, 
Pubkshecs, 1978) 32—50 i 

WILLIAMS, Trevor 1 (cated, by). A History 0^ Technology. Vol. УІ: The 

tury, c. 1900 to c. , Part 1: Pp.xxv + 1-690, IS 19-858151-3. 
+691-1530 вм 57 узлы eae EEA DIA SCITUR 
Press; London. ord Unrversity Press, 1978. 


Earth sclences 
ARGAND, Tectoascs of Asia, Translated anc Edited by Albert V. Carozzi. 
ЕРУ БАА: ISBN-0-02-840390-8 (New York’ Hafner ‚а Diviuon. of 
Масти Publishing Co, Inc.; London Coller Macmillan Publishers, 1977.) 


ARMSTRONG, Terence, ROGERS. Georgs, and ROWLEY, Graham Tho 
Circumpolar North. a Political and Econom phy of the Arcuc and Sub- 
Arctic +303. ISBN 0416.009" (London thuen and Co., Lid., 1978.) 
Hard ih Paperback £5.95 


BO ternary Geology. а Stratugraphoc Framework for Multi- 
disciplinary n international ISBN Sob ona. Technology. 
Engineering and Ѕоста! Studies 4221. ISBN (Oxford and 
New York: Press, 1978.) Hard £15; Flex: £ 

ee Me , Tommy, PARKES, Don, Sid THRIET, TRA bi ede by) MEE 

рн уш 150. ISBN-0-7131-5984-7. 
(Publishers). Tu. .) (Ti mra, 0 Зрасе ала Specie pune Series Vol 518/20 aet 

CA N, Tommy, PARE Don, and THRIFT, Nizi (edited by). Human 


Activity ona T то осер (Tuning Space and Specing Time Seres, Vol 2) 
TBO) cis nee ISBN-0-71 1 5989-8. (London: Edwara Arnold (Publishers), Ltd., 
RLSTEIN, р PARKES, Don. and THR FT. Nigel (edited by). Time 


CR 
and R ола! Dynamics. (Ti inung Space and Spacing Time Senes, Vol. 3.) Pp.vn + 
120. н-т! 1-5990-1. (London. Edward Arnott (Publmhers), Lid, [978.) 


CHALLINOR. ar A Dichonary of Geo! . Fifth edition. Pp хуи 4-365. 
аага 5-6. (Cardiff' Umvernty of Wa Press, New York Oxford 


Ош АЭ, 2550. 
AU pees jr. edited Coastal Sedimentary Environments ых + 
EE Ou ык New York Springer-Verlag, 1978) D 


DEER, W. A. HOWIE, R А., and ZUSSMAN, J Rock-Forming Mincrals 
Vol 2A. Single-Chain Silicates, Second edibon. Ep.668, ISBN-0-582-46522-2. 
doa: Loagman Group, Lid, 1978. Published in USA by Halsted Press, a 
vision of john Wiley Sons, Inc., New York.) £25 net. 
DEHLINGER, Peter, Marine Gravity (Elever Ocon phy Seres, 22.) 
Pp.xii--322 ISBN-0-444-41680-3 33: 4775 Oxfo-d and d Now York Elsevier 


Scientific Publishing ораи DA. 145; $64 5C 
FAIRBRIDGE, id BOURGEOIS Joanne (edited by) The 
f Earh «Vo 6) Pp.xvi- 


o REY ear prr aisi tology. Encyclopedia о 
901. ISBN-0-87933-152-6, (Stroudsburg, ivanra Dowden, Hutchinson and 


Ross, iac., 1978. Distributed world wide by Academie Press. а Subndiary of 
Harcourt Brace Jovanovich, Publishers, New York and London ) $65, £42 25 
FYFE, W. 8., PRICE, N. J , and THOMPSON, A. B. pod in the Earth's Crust 


Ther Signi in Metamorphic, Tectonic and Chemical T. Processes. 
ts In Geochemistry, 1.) Pp avil ге ISBN-0-444-41 (Amster- 
dern ооо od New York: Scenufic Fublshing Compeny, 1978 ) 


FYMAT, Alan L., and ZUEV, Viadumur E. (edited by), Remote Sensing of the 
Atmosphere Invernon Methods and ary (Ds pments in 
reina 2E ppa kaar: ISBN-0-444-41 (Amstorlam, (ROTG and New Yock: 
fic Pubirshing Company, 1915) Df 123; $54.7 
EGHEOROHE, Alexandru. and Synthes s of H iroso | Data, 
Pp.390 ISBN-0-85626-107-6, (Tunbrid nt. ent Abacus Press, is ) £19 25. 
HAMMOND Robert, aoe McCU er ntitative eod s in 
1406140 (Oxford Clarendon 


PH (edited by). A "Book in Geography. Pp xvi +4533. ISBN- 
PREIS ‘Cambridge, Mass. and London: i Geography, niversity Press, 1978.) 


MOSELEY, F. (edited P Орою у o of the Lake Distnct (Occawonal 
Publication No. 3.) Рр.284 [SBN-0-9501 2-Х. (Loods, Yorksture Geological 
Institute of Geological Scionces, Ring Roed, Halton, 1978.) £6.50. 

TES: An Environmental Asscesnent. зийс and Technical А заова- 
feats of Environmental Pollutants.) Pp.xxv 4-723. ISEN-0-309-02785-3 (Washing- 
OCONNOR, A. M. The бозга 5 Tropical Afra n Development a Stud 

y TO a y 
f Econonuc а Pergamon 


of Spell Patterns o Inser- 
eru Library of Senes Techno and Social Studies. 
21848-2 (Oxford and New 


collaboration de a LEHMAN, Ja E., et TANGE BADRE, B. Précis de Pakon- 
des Vertébres. Pp. +677. ISBN-2-225-48092-3. (Pans ot Now York 


Juban. On tbe Na ta or aver ge cae eerie aes, Zairo and 
теам Рр 67. ISBN-90-6193-539-X. Hague, Eoston, Masa, and London: 
РАБІВ Jr, Floyd E; coke Gerad ig Polen cati А Sorma 

r ng. n ton 
of Books in Earth Sciences ) +426. ISBN-0-7167-002.9. (San Pasce 
eod Readings W Н. MOMPTON. PR ed 1978.) £15.30, 
edrted by). М atural Zeolites, 
юна at Coolite, 76, an In 
and Utkzauon of Natural Zeohtes, 
Arizona, June 1976) hon ISBN-0-08-221922-5. (Oxford and New 


Tucson 
VOTER SUD 
А Р 


and WELT . Н. Petroleum Formaton 
M Взлет Pr ON ISBN. K 6 
Pan Doe Nes and New Yon. ier 1978.) $39.50, 
Philosophy 
RICHARDS, . The of Reason ee paperbound, 
(Oxford, etc. ората! 1978.) . ISBN-0-08-02 184 
ECHAFF, A and Магир. Pp.vur +205. SSBN-0-O8-020505-4. 


(Oxford, etc. паа Presa, 1973.) £10.00, 


z: 


Biology 


AGRIOS. George М. Plant Pathology, Second edition. Pp.xi : 703. ISBN-0-12- 
044560-3, (New York and London: Academic Press, a Subsidiary of Harcourt Brace 
Jovanovich, Publishers, 1978.) $22.95, 

BARROWMAN, J. A. Physiology of the Gastro-Intestinal Lymphatic System. 
?p.312. ISBN-0-521-21710-5, (Cambridge. London and New York: Cambridge 
University Press, 1978.) £17.50. 

BIRNBAU MER. Lutz, and © MALE EY. Bert W, (edited by). Receptors and 
Hormone Action, Vol.3. Pp.xxiv + N-0-12-526303-1 (v.3). (New York and 
London: Academic Press, a ийи of Harcourt Brace Jovanovich, Publishers, 
1978.) $49. £4488, 

BOURNE. С. H.. and DANIELLI. J. F. (edited by). Assisted by JEON. К. W. 
international Review of Cytology, Vol. 54. Pp.ix + 377. ISBN-0-12-364354-5. (New 
York and London: Academic Press, a Subsidiary of Harcourt Brace Jovanovich. 
Publishers, 1978.) $32; £20.80. 

BURNS. R. G. (edited by). Soil Enzymes. Pp.xii ^ 380. ISBN-0-12-125850-4. 
(London and New York: Academic Press. a Subsidiary of Harcourt Brace Jovano- 
vich, Publishers, 1978,) £16.20: $33.50. 

CAMA. H. R.. and SASTRY. P. S. (edited by). Vitamin and Carrier Functions of 
Polyprenoids. (Symposium. Bangalore, December 8-11, 1976). (World Review of 
Nutrition and Dietetics, Vol. 31.) Pp.xiv + 246. ISB -BOSS-2801-9. (Basel, London 
and New York: S. Karger. 1978.) SFr, 138; DM 165; $82.78, 

COLGAN, Patrick W, (edited by), Quantitative Ethology. Pavii ^ 364, ISBN-0- 
471-02236-5. (New York and Chichester: Wiles-Interscience. John Wiley and Sons. 
1978.) £17.65. 

COUPLAND. R. E.. and FORSSMANN. W. G. (edited by). Peripheral Neuro- 
endocrine Interaction, Pp.viii +169. ISBN-2-540-08779-6, (Berlin and New York: 
Springer-Verlag. 1978.) DM.78; $39, 

DEAMER. David W. (edited by). Light Transducing Membranes: Structure, 
Function. and Evolution. (Proceedings of the joint Australian-American Seminar on 
the Evolution of Light-Trapping Biological Systems, he.d in Honolulu, Hawai, 
during December 1977.) Pp.xiv - 358. ISBN-O-12-207650-8. (New York and London: 
ОЛЫ Press. a Subsidiary of Harcourt Brace Jovanovich. Publishers. 1978.) 

$17: £11.05. 

EBRAHIM, G. J. Breast Feeding: The Biological Option. (Macmillan Tropical 
Community Health Manuals.) Pp.ix : 86. ISBN-0-333-23802-8.. (London and 
Basingstoke: The Macmillan Press, Lid.. 1978. Hardcover £4,95; Paperback £1. 

EDE. Donaid A, An Introduction to Developmental Biolog». (Tertiary Level 
Biology.) Pp.246. ISBN-0-216-90649-0. (Glasgow and London: Blackie and Sons. 
Ltd.. 1978.) Cased £10.50; Paperback 25. 

EDELMAN, Gerald M.. and MOUNTCASTLE, Vernon В. The Mindtu: Brain 
Cortical Organization and the Group-Selective Theors of Higher Brain Function. 
Рр.100. ISBN-0-262-05020-X. (Cambridge, Mass. and London: The MIT. Press. 
1978.) £7 

EVERETT. D. H.. and VINCENT. B. (edited by) lons in Macromolecular and 
Biological Systems, (Proceedings of the Twenty-ninth Symposium of the Colston 
Research Society, held in the University of Bristol, April 19773 Pp.xii - MS. 
ISBN.0-85608-031-7, (Bristol: Scientechnica. 1978.) £15, 

FALKNER. Frank. and TANNER. J. M. Human Growth, Vol, PE: Principles 
and Prenatal Growth, Pp. xix - 634. ISBN-0-306-0 {v.1}. (New York and London: 
Plenum Press. 1978.) $22.05. (Ne pub. date) 

FLEISCHER, Sidney. and PACKER, Lester. Biomembranes. Pard D: Biological 
Oxidations, Mitochondrial and Microbial Systems. (Methods in Enzymology. Vol. 
LHE) Ppxsii - 7301. ISBN-O-12-18 1983-1, (v.53 UN 
Press, a Subsidiary of Harcourt Brace Jovanovich, Publishers. (978.5 $45: £2 

FOLINSBEE. Lawrence J.. WAGNER. Jeames A.. BORGIA. Juban F.. 
WATER. Barbara L.. GLINER. Jeffrey A.. and BEDI. John F. (edited by} Environ- 
mental Stress: Individual Haman Adaptations. {Proceedings of a Symposium held 
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newly on the market 


Disposable transfer pipette. Variable 
Volumetrics. Variable Volumetrics in- 
troduce a disposable transfer. pipette 
with ultra lean tube. This polyethylene 
transfer pipette has a tube so narrow 


that it will flt into almost any size test 


tube. It is a one-plece pipette complete 
with its own bulb, and will eliminate 
the danger of broken glass, operator 
‘contamination from having to change 
rubber bulbs and cross contamination 
of samples with contaminated pipettes 
or rubber bulbs. The pipette delivers 
21-24 drops per ml, and has a maxi- 
mum capacity of 3 ml. 

Circle No. 52 on Reader Enquiry Card. 


Fish-ünding echosounders. Marconi 
Marine. The Chromascope K range of 
echosounders from Marconi Marine 
' js designed to display received echoes 
‘from fish shoals and the seabed in 
colour on а televislon-type screen. 
Received echoes, fed from a storage 
` memory circuit, are displayed in- co- 
lours and tints which directly relate 
to the intensities of the signals received 
from individual objects. The result is 
‚8 coloured mosaic of signals which 
integrate to form a chart-like presenta- 
tion which shows fish shoals and the 
: seabed in a manner which is easy to 
interpret. The integrated chart is 
constantly updated from the memory 
^. Store. 
`. Circle No. 53 on Reader Enquiry Card. 


UV-vis  spectrophotometer. Perkin- 
Elmer. In the model 552, UV-vis 
spectrometer from Perkin-Elmer, 


operation is both’ fast and simple. Con- 
centration is automatically set by the 
keyboard and microcomputer. When a 
wavelength is keyed ‘in, ‘the mono- 
chromator rapidly.sets itself at the 
press of a button. Both ordinate and 
abscissa data are clearly shown on large 
. digital displays, and operating para- 
meters such as mode, scan speed, 
format and response are conveniently 
displayed. The 552's automatic baseliné 
compensation mode ensures baseline 
flatness of + 0.001 A.- An optional key- 
board expander provides enhanced 
correction capacity and the ability to 
compensate over preselected wave- 
length intervals. 
Circle No. 54 on Reader: Enquiry: Card. 


Digital electronic PEE, British 


Rototherm. British Rototherm Have. 


now introduced a compact electronic 


digital thermometer which combines 


accuracy, convenience and rugged 
reliability at a keen price. Designated 
the electrotherm, it resembles a con- 
ventional pocket calculator and 1s 
supplied complete with an easy-to-clean 
probe which can be stored in a built-in 
holder when not in use. ' 

* Circle No. xd on Reader Enquiry Card. 


Бейшен: Shaw. The new Shaw 
automatic dewpoint meter uses room 


air moisture as a standard for rapid, - 


automatic calibration to ensure that the 


sensor is.fully responsive, without drift. 
The dewpoint meter requires only 4 to - 


5 minutes to reach equilibrium moisture 
readings even at very dry levels. The 


sensor is internally mounted within - 


a desiccant chamber providing auto- 
matic dry-down between tests. This 
feature ensures that the meter is always 


' ready to check dryness even down to 


I or 2 p.p.m. of water vapour. A direct- 
reading analog meter displays dew- 
point, on a linear scale. Accuracy of 
reading is within 1 p.p.m. or +3 °C 
dewpoint, whichever is greater over the 
range from —80 to —25 °C dewpoint. 
Circle No. 56 on Reader Enquiry Card. 


Laboratory furniture. Sintacel. Metri- 
scope from Sintacel is a comprehensive 
range of equipment capable o? fulfilling 
the servicing and furnishing require- 
ments of educational and laboratory 
accommodation. The range provides 
non-fixed furniture with overhead ser- 
vice booms and drainage equipment. 
All furniture is either movable or 
mobile and the working surfaces, with 
their flexible service/drainage connec- 
tions, can be quickly re-arranged. The 
overhead service booms may provide 
such services as gas/electricity/water/ 
vacuum /lighting Drainage is normally 
dealt with by means of a regularly 
‚ spaced grid of floor outlet points, but 
if so required, wall or overhead drain- 
age may be provided. 

Circle No. 57 on Reader Enquiry Card. 


Laser systems. Coherent. Three new 
laser systems have been introduced by 
Coherent. The first of these, the CR- 
599-04 delay line dye laser, is a self- 


These notes are besed on information 
provided by the ‘manufacturers. For 
urther details circle the appropriate 


numbers on the Reader Enquiry Card 
bound inside the cover. 





contained dye laser designed for syn- 
chronous pumping, and has an overall 
laser length of only 0.6m. It is 
pumped by an actively mode locked 
ion laser, enabling optimal tuning 
range, stability and average output. The 
second system, the Series 467-SE, is a 
mode locking system consisting of an 
ultrastable RF  oscillator/amplifier 
whose frequency 1s synthesised from a 
temperature-stabl2 crystal oscillator 
reference, coupled to an acousto-optic 
modulator which mounts to any CR 
series 10n laser. The third system, the 
CR-599-03E scanaing dye laser, has an 
Etalon Servo lock to minimise mode 
hops, and has єп operating range of 
415-850 nm. 

Circle No. 58 on Reader Enquiry Card. 


Heating/stirring reaction module. 
Pierce. Pierce announces the introduc- 
tion of their Reacti-therm heating/ 


- stirring module. The new dry block 


module is designed for use ın the pre- 
paration of derivatives for GC and 
LC, for sample concentration, residue 
isolation and protein hydrolyms A key 
feature of the uait is a continuously 
variable magnetc stirrer which is 
especially useful for dissolving sticky, 
hard-to-dissolve residues and for 
accelerating der-vatisation reactions 
The unit also has an ambient to 150 °C 
temperature range with +0.5 °С 
control, a temperature stabilisation 
indicating light and a choice of inter- 
changeable — viaEholding aluminium 
blocks. 

Circle No. 59 on Reader Enquiry Card. 


Refrigerated ^ ccnstant temperature 
bath. Haake Тһе new heavy duty 
refrigerated ‘constant temperature bath 
and circulator, model F3-K, from 
Haake, permits Icw temperature opera- 
tion down to —30 °C. The unit has 
been specifically designed to control the 
temperature of laboratory objects 
where large amounts of heat must be 
removed. The refrigeration system 
offers a cooling capacity of 320 W at 


“+20 °C (260 W et 0 °С), The integral 


temperature control unit provides con- 
tinuous optimum control. Additional 
features of mode! F3-K include digital 
temperature settmg, platinum resist- 
ance sensor (PtIOO) and two safety 
devices for high temperature and 
minimum liquid level in the instru- 
ment's bath container. 

Circle No. 60 on Reader Enquiry Card. 
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GRAVITATIONAL-WAVE 
DETECTION AND 
EXPERIMENTAL 
GRAVITY—CALTECH 


The California Institute of Tech- 
nology is creating a new research 
group in gravitational wave detection 
and experimental gravity. Various in- 
vestigations related to gravitational 
radiation are being planned, using 
laser interferometry, cryogenic elec- 
tronics, or other techniques; and cor- 
related. experiments over a 7,600 kilo- 
metre baseline between California and 
Scotland may be performed. The 
group will be in a good position for 
close collaboration with Caltech’s 
gravitation theory group. and also for 
pursuing gravity experiments in space 
in asseciation with Caltech’s Jet 
Propulsion Laboratory. 

Inquiries are invited from outstand- 
ing experimental physicists. engineers, 
or technicians who might wish to join 
this new group. П is anticipated that 
the following types of appointments 
may be made in 1979 and 1980: re- 
search staff at levels equivalent to 
assistant, associate, or full professor 
but without teaching duties; assistant 
professorships: postdoctoral fellow- 
ships; and technicians. Inquiries from 
women and minorities are particularly 








encouraged. 
Inquiries including — curriculum 
vitae, lists of publications, and letters 


of recommendations sent independently 
—should be sent to Professor Ronald 
W. P. Drever. 130-33 Caltech, Pasa- 
депа, California 91125. or Department 
of Natural Philosophy, Glasgow Uni- 
versity lasgow 612 8QQ. Scotland. 
941104) 
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Anglian Water Authority 
ASSISTANT TEAM LEADER 


(Mathematics) 


Post Ref: H6R003 
£5,133-£5,493 p.a. 


Applications are invited for the above post currently based 
at the Great Ouse River Divisional offices, Cambridge. The 
successful applicant should preferably be a graduate in 
mathematics with experience in the water quality modelling 
of estuaries, coastal waters and reservoirs, and the organisa- 
tion and collection of associated data. In addition to his 
individual projects, the successful applicant will aiso be 
expected to assist other team members in all aspects of 
their varied chemical and biological investigations, including 
computer programming, data processing and statistics. 

The post carried a Regular User Car Allowance and N.J.C. 
conditions of service, including a contributary pension 


Please write, or telephone 0223 61561 ext. 259 for 
an application form (returnable by Friday 23rd 
February, 1979) to Mr. M. J. Pearson, Regional 
Research Team Leader:— 
GREAT OUSE RIVER DIVISION, 
Great Ouse House, Clarendon Road, 
Cambridge, CB2 2BL 


UNIVERSITY OF GLASGOW 
LECTURESHIP IN 
PHARMACOLOGY 


Applications are invited from medi- 


cally and/or 
pharmacologists 


scientifically qualified 
for a Lectureship in 


Pharmacology. The salary will be 
within the range £3,883 to £5,604 of 
the Lecturers’ scale. £3,883 to £7,754 


(interim), with placement according to 
qualifications and experience. 

Further particulars may be obtained 
from the Secretary of the University 
Court (Room 18), University of 
Glasgow. Glasgow C12 800. with 
whom applications {eight copies), 
giving the names and addresses of 
three referees. should be lodged on or 
before February 16, 1979. 

In reply please quote 
4263 /1M. 


Ref. No. 
9414(A) 


ST PATRICK'S COLLEGE 
Mavnooth 
(Recognised College of the 
National Universitv of 
Ireland) 
LECTURER/JUNIOR 
LECTURER IN 


MATHEMATICAL 
PHYSICS 


application, further 
be obtained from the 
Academic Council, St 
Patrick's College, Maynooth, Co. 
Kildare, Ireland. 

Salary Scales: Lecturer: £6,035 
to £7,157; Junior Lecturer: £4,493 
to £5,237, 9396(A) 


Prior to 
detaíls may 
Secretary, 





Grade 6 


9413(A) 
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THE ROYAL VETERINARY 
COLLEGE 
University of London 
Division of Preclinical Studies 
DEPARTMENT OF ANATOMY 
LECTURER IN ANATOMY 
Applications are invited for the 
above post which is available from 

October 1, 1979. 

The Department has responsibility 
for teaching the topographical and 
systematic anatomy of the domesti- 
cated animals and provides a тоге 
general course in Histology and 
Embryology. 

The person appointed will be ex- 
pected eventually to undertake in- 
tegrated teaching of these components 
but will have immediate responsibili- 
ties for the reaching of gross anatomy 
of large animals. The appointee will 
be encouraged to engage in research. 

The post is based at Camden Town. 

Salary Seale (under review): £4,333 
to £8,204 including London Allowance. 
Initial salary determined by experi- 
ence and qualifications. Superannua- 
tion under the Universities’ scheme. 

Removal expenses up to £800 may 
be reimbursed in approved circum- 
stances. 

Application form and further details 
from the Assistant Secretary (Per- 
sonnel), The Royal Veterinary College, 
Royal College Street, London NWI 
OTU. Telephone 01-387 2898. 

CLOSING DATE FOR APPLICA- 
TIONS: March 5, 1979. 9419А} 





IMPERIAL COLLEGE 
(University of London) 
DEPARTMENT OF ZOOLOGY 
AND APPLIED ENTOMOLOGY 


Applications are invited for two 
temporary Lectureships in the general 
field of Biomathematics, Applied 
Statistics and Systems Analysis. The 
persons appointed will be expected to 
contribute to the undergraduate and 
postgraduate teaching and to partici- 
pate in the application of math- 
ematical and statistical techniques in 
biological research. One of the posts 
will be related to the work of the 
Environmental Management Unit, 
which is concerned with the applica- 
tion of systems analysis, decision 
analysis and mathematical modelling 
to problems of Environmental Man- 
agement A first degree in a math- 
ematical, physical or hiological subject 
is required. with relevant postgraduate 
experience. 

Appointments wil be made for two 
years at a point in the lecture scale 
(£3,883 to £7,754 plus London Weight- 
ing if appropriate: subject to review). 

Applications in duplicate, with cur- 
riculum vitae and the names of two 
referees, should be addressed to the 
Head of Department. Department of 
Zoology. Imperial College, London 
SW7 2AZ. from whom further parti- 
culars may be obtained. Closing date 
for applications: March 1, 1979. 

9417(A) 





AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for 
appointment to the following: 


Research School of 
Physical Sciences 
SENIOR FELLOW/FELLOW/ 
SENIOR RESEARCH 
FELLOW/RESEARCH 
FELLOW/POSTDOCTORAL 
FELLOW 
DEPARTMENT OF SOLID 
STATE PHYSICS 


The department, formed in 1971, 
currently has an academic staff of 
eight headed by Professor W. A. 
Runciman, and carries out research 
centred at present on spectroscopic 
studies of За, 4f and Sf transition 
metal ions in solids at low tempera- 
tures. Much of the completed experi- 
mental work has been carried out on 
Sf and 3d ions as well as colour 
centres in substituted oxides, synthetic 
and natural minerals. Theoretical 
studies in the Department have been 
aimed at providing detailed interpre- 
tations of spectroscopic parameters in 
terms of the underlying electronic pro- 
cesses. Several of the current experi- 
mental projects were designed 
explicitly to provide tests of these 
interpretations. 

Applicants will be considered with 
previous research experience either in 
experimental spectroscopy (optical, 
Mossbauer or EPR) or in measure- 
ments of the structural or magnetic 
properties of metallic materials. 


CLOSING DATE: February 28, 
1979, 

SALARIES: 

Salary on appointment will be in 
accordance with qualifications and 
experience within the ranges: Senior 


$A23,737 to $A27,660 p.a; 
to $A23,704. p.a.; 
Senior Research Fellow $A21,20] to 
$A25,289 pa; Research Fellow 
$А15,179 to 5А19.813 p.a; Post- 
doctoral Fellow $415,179 to $А19,813 
p.a. Current exchange rates SAl- 
$051.14: £0.58. 
TENURE: 
Appointment as 
Fellow is five years in the first in- 
stance with the possibility, after re- 
view, of reappointment to retiring age 
65 years; as Senior Research Fellow/ 
Research Fellow normally for five 
years in the first instance with the 
possibility of extension to five years; 
as Postdoctoral Fellow for a maximum 
of two years. 
OTHER CONDITIONS: 


Fellow 
Fellow $A17,694 


Senior  Fellow/ 


Reasonable appointment expenses 
are paid. Superannuation benefits are 
available for applicants who are 


eligible to contribute. Assistance with 


housing is provided for an appointee 
from outside Canberra. | 
The University reserves the right 


not to make an appointment or to 
make an appointment by invitation at 
any time. ё 
Prospective applicants should obtain 
further particulars from the Asso- 
ciation of Commonwealth Universities 
(Appts), 36 Gordon Square, London 
WCIH ОРЕ. 9400(A) 
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UNIVERSITY OF 
WOLLONGONG 
Australia 


LECTURER IN CHEMISTRY 
(Limited Term) 


Applications are invited for a 
ectureship | in the flelds of analytical 
tod organic chemistry for duties asso- 
tated with undergraduate and post- 
daduate courses Tho appointment 
will be made for a period not excoed- 
og four years. Applicants sbould hold 
, Ph.D. degree ос its equivalent and 
weferably have had some 
eoctoral research 


Further information may be ob- 
ained from Profesor B Halpern 
chairman, Department of Chemistry, 
«a the Univernty 


Closing date March 31, 1979. 


SENIOR LECTURER/ 
LECTURER IN COMPUTING 
SCIENCE (Tenurable) 


Applicants should have a PhD in 
Zomputing Science or equivalent quali- 
cations together with demonstrable 


sperating systems, computer aded 
earning or software tools 

The Computing Science Laboratory 
ontains 16 terminals timesharin 


main computer н a UNIVAC 
106 Both ems are available for 
eaching rescarch A Micro 
omputer laboratory w under develop- 
nent 


Further Information may be ob 
ained from Professor Juris Rewfelds, 

t of Computing 
cience, in the Univeruty 


Closing date March 1, 1979. 


Salary ranges Lecturer $415,786 to 
Rae Senior Lecturer $A21,180 to 
4,617, commencing salary accord- 
Е to qualifications and ехрегіепсе 
‘ares to Australia (for appointecs and 
epondants) and a relocation allowance 
re раа For a lımıted term appoint- 
aent а contribution towards re 
‘atriation fares on conclumon of 
eppomtment may be made 


lation of Commonwealth Universities 
Appts), 36 Gordon Square, London 
VCIH ОРЕ 9420(A) 


UNIVERSITY OF 
SOUTHAMPTON 


POSTDOCTORAL 
RESEARCH FELLOW 


DEPARTMENT OF 
BIOLOGY 


Applications are invited from bto- 


yencing March /May 157% 1979 The SRC Cc 
inded project will involve bulding a 

ata-base with morphological and 
homical Jogume data and experiment- 
ng with the provmion of novel taxo- 
omic services for ovaluation by a 
sors’ panel The successful applicant 
‘lll have an interest in the use of 
ales cabins techniques in taxo- 

lems 


rs nir from £3,883 to 
4,382 plus USS benefits 


Further ee may be obtained 
com Mr Staffing 














— 


ипле Scientists - Animal 


Feedstuffs 


Due to reorganisation we have the follo four vacancies 
in our Raw Materials И 


опоры Nutritionist (Ref CH-233M) 
The job holder will plan and direct the work programme 


oiseau езш, out studies on mi c 
metabolism/nutrition with the objective of further un 

the relationships between diet and ammal performance. This 
mclude the development of experimental techniques for studying 
protein metabolism m monogastncs and computer simulation in 


dates should have an honours in biochemistry! 

shee with research experience to Ph.D. or similar level in pig 
or poultry nutnton. Experience m computing would be 
advantageous. 

Ruminant Nutritionist (Refi CH-234M) 

The job holder will plan and direct the work programme 
of a small research team carrying out studies on ruminant 
metabolism with the objective of improving utilization of raw 
materials in feedstuffs. 

Candidates should have an honours degree in agricultural 
science/nutrition with research experience to Ph.D. or similar 
level in animal nutnton with particular emphasis on ruminants. 


Raw Materials Biochemist — Animal Feedstuffs 
(Ref CH-235M) 

The general area of work 1s raw materials in support of 
Unilever's animal feedstuffs business. The work involves 
evaluation of raw materials and development of methods for 
improving their nutritive value for use m animal feeds, mamly 
for ruminants. 

Candidates should have an honours ‹ m biochemistry 
with research experience to Ph.D. or level in plant saence, 
pea with particular emphasis on protein, carbohydrate or 

ipid structure and metabolism. An appreciation of farm animal 
nutrition and experimentation would be useful but not essential. 


Nutritional Biochemist — Animal Feedstuffs 


(Ref CH-493A) 
The general area of work is the exploitation of fats in animal 
fe . The research programme covers two main aspects: 


(a) The evaluation of fats as energy sources for pigs, poultry 
and ruminants. 

(b) The effects of fats m diets on primary and secondary 
production characteristics (e.g. carcass composition) of farm 
speaes, and their interaction with other dietary components. 

Candidates should have a good honours degree or M.Sc. 1n 
biochemustry with and preferably with some 
experience or knowledge of lipid Biochemie metabolism. 

A good starting salary dependent on qualifications and 
experience and other Unilever benefits of employment will 

be е to E successful candidate. 

P write for an application form and quoting reference 

_ РР quoting 
Miss J. Kenn 


Unilever UK Cen Resources Ltd., 
Colworth House, Sharnbrook, 
Bedford MK44 1LQ. 
9402(А) 
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Universiteit van Amsterdam 


ped cei are invited for a teaching 


research post 


lecturer („ө 


(wetenschappelijk medewerk(st)er) 


in the D 
Stru 


artment of 
Geology. 


` Duties will include field and laboratory 
courses in theory and practice of analytic 


ко and research. 


Applicants sho 


d have experience in small 


e tectonics. Experience of work on the 
relationship deformation/metamorphism 


will be an asset. 


Salary in accordance with Hackeron 


and experience. 


Applications, with curriculum vitae, precise 
interests and the names of at 

least two referees, should be sent to: 

Prof. Dr. C. G. Egeler, Geologisch Instituut, 

Nieuwe Prinsengracht 130, 


1018 VZ Amsterdam, 
(quoting number 3023). 





e Netherlands 


9403(А) 





MEDICAL 
RESEARCH COUNCIL 


Radiobiology Unit, 
ll, Oxon 
А vacancy has arsen for a 


RESEARCH OFFICER/ 


TECHNICIAN 


to work on studies of damage to DNA 
by fonising radiation Expenence in 
either microbiology or eloctron- 
microscopy of macromolecules would 
be an advan Enthusiasm and 


Techowxian ore 
HNC. of oquivalent while a Re 
search Officer wouki have at least two 
years relevant experience in addition 

Salary scales arc £3,261 to £4,680 
for Technician and £3,582 to £4,902 
for Research Officer. Assisted transport 


and modern hoste! accommodation for 


o people are avaflable 

pplications, giving full personal 
details {ncluding the names of two 
referees, shouki be addressed to The 


Administrator, M.R C — Radiobiol 
Опи, Harwell, Didcot, Oxon ОХ! 
ORD Ref KB2 MSKA) 


UNIVERSITY OF BRISTOL 
DEPARTMENT OF GEOLOGY 


ROCK-SECTION 
TECHNICIAN WANTED 


Applications are invited for a person 
to take charge of the нела 
workshop The appointed person wil 
have had several years experience in 
this type of work together with some 
educational qualifications 

The position carnes a salary of 
£3.18 to £3.720 рег annum (Grade 5) 
(scale under review). 

Apphcations, including the names of 
two referees, to The Superintendent, 
Department of Geology, Queens Buik- 
Ing. University Walk, Bristol BS8 ITR 
To be received within two weeks of 
his advertisement appearing 
; 944% A) 





UNIVERSITY OF READING 


DEPARTMENT OF 
PHYSIOLOGY AND 
BIOCHEMISTRY 


RESEARCH ASSISTANT 


roguúlred M Moon вя: pomible Ier an 
C funded research project on the 
neuroendocnne control of ovulation in 
birds The appointment will be for a 
fixed period of up to two years de- 
pending upon the starting dato Appli 
cants should be graduates in physio- 
logy. pharmacology or zoology and 
should have a und in 
neurophysiology n interest In nouro- 
endocrinology wouki be an advantage 
Starting salary up to £3,634 per annum 
(under review) USS superannuation 
Apply, quoting Ref MN 13A, with 
the names of two referees to Assistant 
Bursar (Personne), University of 
Reading, Whiteknights, Reading RG6 
2AH (A) 


UNIVERSITY COLLEGE OF 
NORTH WALES, BANGOR 


Appltcations are invited for the 
of LECTURER IN MATHEMATICS 
Applicants should have rescarch er- 

rience and publications in Pure 
Mathematics. preferably ín an area of 
TOPOLOGY 

The appointment. to commence on 
October 1, 1979, wil be to the 
Universities! Lecturer rcate —£3,883 
to £7,754 ver annum 

Applications (two copies), giving 
details of qualifications and схрегі- 
ence, together with the names and 
addresses of three referees, should be 
sent to the Assistant Rexntrar (Рег- 
sonnel), University College of North 
Wales, Bangor, Gwynedd LL57 2DG. 
from whom further particular may be 
obtained 

Closing date for applications 
February 28, 1979 MIKA) 





CENTRAL PUBLIC 
HEALTH LABORATORY 
National Collection of Type 
Cultures (N.C.T.C.) 
SYSTEMS DESIGNER/ 
PROGRAMMER 


оа ош clinical sources aro 
ent fo 
of test results ора сун com- 


neced to the 
sharing 

in 

siderable scope for unproving the 
responsivness of the system and the 
effücient storage and retrieval of 
САША, чы. to e the method- 
шей; alternative 
ods „5а е consideration 


for specialised 
NE И required 
Grading dependant upon basic 
qualifications in appropriate sub- 
jects and on experience 
Salary scales Scientific Probation- 
ary scale £2.99] to £4,275 plus 
London Weighting (£354), ‘ost 
.Probationary scale £3,798 to £4,699 
plus London Weighting or Senior 
rentific scalo, uf applicable, £5,451 
to £6,837 plus on Weightin 
NHS Dengnated scalo 9 £4,9 
to £6,025 plus London Weighting 
Ring 01-205 7041 for a more de- 
taled sob description (Dr L R 
НШ, on Extn. 47) and for an 
application form (Personnel Officer, 
on Extn !2)—Csntral Public Hea'th 
Laboratory, Colindale Avonus, 
Colindale, London, NW 9 Closing 
date February 15, 1979 
9293(AÀ) 














UNIVERSITY OF 


CAMBRIDGE 


DEPARTMENT ОЕ PATHOLOGY 
DIVISION OF IMMUNOLOGY 


RESEARCH TECHNICIAN 


for a project on new immunologic 
methods to detect microbial antiga 
and antibod tea Gonooocci a 
Chiamydia are studied by гый 
Immunoassay and — mixed rever 
passive antiglobulin haemagylutinatio 
A wide vancty of becteriologpcal a; 
biochemucal techniques are used 
unacum needed are a degre 
or equivalent, with laborato 
expenence preferably in microbiolog 
The Univeruty offers good worki 
conditions in Laboratories at Ne 
Addenbrooke's Hospital with mode 
equipment and the opportunity аги 
to work alongside first class Scientm 


Grade R6 Scale £2,959 to £3,4 
(under review) First Clam Pensu 
Scheme, etc. 


Department of 





UNIVERSITY 
MARINE BIOLOGICAL 


STATION MILLPORT 
Isle of Cumbrae, KA28 QEG 


Applications are invited for 
TECHNICAL POSTS 


in the Grades UTS3 and UTSI 

Further details and орон 
forms may be obtained from t 
Station Secret at the above addrt 
to whom completed forms should | 
returned not later than February + 
1979 9456(А) 





We wish to appoint someone with experience in the 
medical or biological sciences to head a fully estab- 


lished research team 


in our Preclinical Research 


Department. The work of this team is mainly con- 
cerned witb gerontological and pharmacological 


problems. 


The person appointed will have a university degree in 
the medical or biological sciences backed by practical 
experience in the fields of anatomy, pathology or 
brain research Importance is also attached to a 
knowledge of morphometry and/or stereology and to 
a good command of the English language. 


Applicants are asked to send a short letter of 
application in the first instance to: 


SANDOZ 


Sandoz Ltd., Personnel Dept. Ref. 1200, 


Postbox, 4002 Basle, Switzerland. 


9321(A) 


D 
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THE MEDICAL COLLEGE OF 
ST BARTHOLOMEW'S 
HOSPITAL 


(University of London) 
West Smithfield, London ECIA 7ВЕ 


LECTURER POSTS IN 
PATHOLOGY WITH AN 
INTEREST IN TOXICOLOGY 


Apphlcations are invited for two 
«poss as Lecturers in Pathology, ten- 
ablo for a period of three years in the 
Am uisiance The posts aro suitable 
Mor those ther MRC 
Path and who are likely to develop an 
aterest in toxcology with a рагосоіаг 
jen rue on comparative huto- 
-tbology. 


The first two yours would be spent 
nainly in following the normal train- 
ing schedule rotating through two or 
hree of the four pathology disciplines 
и 9% Bartholomew's Hospital under 
he supervision as appropmate of the 
Professors of Histopathology, Chemical 
Wathology, Haematology and Medical 
Microbiology, and y ш being 
introduced to the toxxology work of 
he Deparument of Health and Social 
Security. 


After completion of the Primary 
:xamination there will be opportuni 


huxtopatho and toxicology under 
on of the Director of 

Ф.Н 5 5 To Laboratory at St. 

Bartholomew's in the M 


College of St. Bartholomew's Hospital 
A further fixed term contract of two 
years would be offered for thm pur- 
Jose Candidates completing the mem- 
examination of the Royal 
College of  Pathologuts would, ш 
addition to opportunities ın Univer- 
aties, Industry and the — National 
Health Service, be eligible to о Apps 
or specialised posts in the 
Oivisions of us in the field " 
охыло Тө promotion prospects 
n DH.SS are good and there would 
м opportunities for research, special 
tudy and attendance eat meetings 


Salary for these posts will be on the 
cale £4,986 to £7,393 per anum plus 
334 London Allowance. 


forms and further infor- 
cation may be from the 
»an's Office of the Medical College 
t the above address, and should be 
eturned to the Dean not later than 
'ebruary 28, 1979 939A) 


QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 


PART-TIME LECTURER 


)BPARTMENT OF MATHEMATICS 
aquired in sesion 1979-80 only, to 
rach a course of o tional research 
> third year mathematics students. 
‘orty lectures plus some tutorials, 
wurking and examining Feo £800 


Apply to Professor W B gee 
е 


ent, 
Imabeth College, pden "нш cuit, 
ondon W8 7AH 944%А) 


CHELSEA COLLEGE 
University of London 


GRADE 2B TECHNICIAN 


quired (о аши in and 
ching  activítres within tbe Blio- 
wyses Section of the Basic Medical 
3ilenoos Group Experience of Bío- 
*ysical/Biloengineering ог Physio- 

techniques would be an 
vantage. 


scalo (under review) £2,994 to 


Salary 
3,345, inclusive of London Allow- 


SOUTH AFRICA 
Veterinary 


Science Officers 
Onderstepoort 


The Department of Agricultural Technical Services at Onderstepoort in South 
Afnca, wishes to appoint additional scientrfic staff for the establishmen: of 

the new Foot and Mouth Disease Laboratory which will be provided wth all 
modern facilities for research and vaccine production. 
Positions are available at several levels of senlonty and applicants shou d 
hold the following minimum qualtfications: 


State Veterinarians 
Chief Professional 
Officer (Veterinary) 
Chief Technician 


(Veterinary) 


repatriated If desired). 


equivalent degree) 


BVSc (or equivalent) degree 


BSc. (Agric.) Honours (or 


Diploma in Veterinary Technclogy 


or Diploma in Microbiology 

Applicants must show initiative іп undertaking research work and have 
experience in any of the following helds: 
Virology; Immunology; Vaccine production and testing; use of fermentsrs for 
the production of cells in suspension. 
Experience in Foot and Mouth Disease laboratories will be a recommendation. 


Commencing salary will depend on qualifications and expenence and 
appointments will initially be under agreement for a minimum period of thres 
years (which can be extended to five years, after which the employee will be 


Among the benefits offered are free passage to South Africa, removal of a 
limited amount of household effects and a "settling-In" allowance. 


For further Information contact Johan Cloete, СМІ Service Officer, South 
African Embassy, Trafalgar Square, London WC2N БОР. 


Tel: 839 2211 ext 141/142. 


Readvertisement 
UNIVERSITY OF OXFORD 
E. P. ABRAHAM 
PROFESSORSHIP OF 
CHEMICAL PATHOLOGY 


The electors intend to proceed to 
an election to the E 


later than March 26, 


Wallington Ыра о IR Ox! 


, from whom further particulars 
fy be obtained 9446(À) 


1979, 


POSTDOCTORAL POSITION 


Research on the molecular biology 
of insect development, hormonal con- 
trol of mRNA_synthess and in vitro 
iranscri » in nuciekc 
acid ybnridtzations Send 
resume and names of three references 
to. Dr 5 Sridhara, t of 
Biochemistry, Universitly of Mimussippi 
Medical Center, 2500 North State 
Jackson, Ms 


ence 








SURFACE PHYSICIST/ 
CHEMIST 
Fusion research on р!выпа- 
wall interaction phenomenon involving 
atomnc hydrogen chemical yide iae 
and surface cleaning. Uhv 
physics/chemutry experi 
prate Appoint at Resoarch oe 
or Senor Research Associate level. 
Appolatment for three years initially 
l-qualified scientist sought, Appro- 
priate salary available Write: Profes- 
sor P. C. Stangeby, Univermty of 
Toronto, Institute for Aerospace 
Studies, 4925 Dofferin Street, Downs- 
view, Ontarto, M3H ST6 e 667- 
TT29 9 ) 


ТЕСИ doas IN GEOLOGY 
реон are invited for this 
post Trem persons with an interest In 
ic Geology, with particular 
reference to Ore 

lara and application 

forms (returnable by 
from the Registrar, The oe gare 


SPL. 
9381(A) 


9372(A) 


THE UNIVERSITY 
OF LANCASTER 


Postgraduate Research 
Asaistant—Environmental 


FartLor dotafls may be obtained 
quoting reference L105A) from 
the Esmblishment Officer, Urniver- 
sity Hcuse, Lancaster LAL 4YW, 
to whom applications (five copies} 

than 


should be sent not later 
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JVERSITY OF VICTORIA 
TRIUMF 
Physics Department 


requires 
Research Associates in 
Intermediate Energy Physics 


Two Research Associate positions are available for research in 
Experimental Physics at the TRIUMF 500 MeV Cyclotron. The 
successful applicants will be engaged in the University of 
Victoria research program at the Cyclotron. which includes 
studies of pionic and muonic X rays, rare decay modes of the 
pion and muon. and nucleon-nucleon scattering 





These appointments will be made initially for one year and are 
renewable. Salary will depend on experience, with a minimum of 


$15,500 per annum. 





Send curriculum vitae, list of publications. and names of three 


referees to: 


UNIVERSITY OF VICTORIA m 





Dr. L.P. Robertson, Department of Physics, 
University of Victoria, Victoria, B.C. V8W 2Y2. 


9409CA) 








THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited for the 
post of LECTURER in the above 
Department, The person appointed 
will participate in teaching bio- 
chemistry to science and te 
medical students. The Depari- 
mient provides good facilities and 
opportunities for research, The 
appointment will date from 
October 1. 1979. 

Salary on the scale 
turers: £3,883 to £7,754 
review) according to 
cations and experience. 

Application forms and further 
particulars may be obtained from 
the Registrar, The University. 
Leeds LS2 9JT,. quoting reference 
number 83/71/D, Closing date for 
applications, March 12. 1979, 
9367(A) 



















for dec 
tunder 
qualiti- 


















AGRICULTURAL RESEARCH COUNCIL 


Plant Physiologist 





JNIVERSITY OF 
EDINBURGH 
LECTURESHIP IN 
MICROBIOLOGY 
invited for a 
Lectureship in 
robioieg 
some - 


applied 
the 


Applications ure 
newly established 
the Department 
Applicants shouid 
perience or interes in 
microbiology. preferably in 
area of agriculture or food. 

Salary on scale E3.883 to £7,754 
per annum, with superannuation 
benefits. 

Further particulars may be ob- 
tained from the Secretary to the 
University. Old College, South 
Bridge. Edinburgh EHS 9YE. with 
whom applications by leler (five 
copies). including the names of 
three referees. should lodged 
not later than February 1979 
Please quote Reference 





28, 
1007 
939 КАЈ 








Applications are invited from Plant Physiologists who would 
like to join a small team of senior scientists who advise the 
Secretary of the Council on the scientific aspects of research 


administration. 


The post is graded Senior Principal Scientific Officer with a 
salary scale of £10,043 to £11,300 plus £465 for working in 
Central London. Superannuation is under a non-contributory 
scheme analogous to that of the Civil Service. 


Applications from candidates with a good honours degree 
of equivalent qualification and a successful record of research 
should be by letter accompanied by a full curriculum. vitae 
and the names of two referees. Applications from candidates 


who applied 


cm 





previously will be automatically considered, 


Further particulars from Miss M. J. Gard, Agri- 
cultural Research Council, 
Street, London МТ 


160 Great Portland 
6DT. Closing date March 9. 
9351(A) 











JUNIOR LABORATORY SCIEN- 
FIFIC OFFICER required for onec 
year in the first instance for a re- 


search project on the biochemistry of 





muscular dystrophy supported by u 
grant from the Muscular Dystrophy 
Group of Great Britain. The work 
will involve measurement of enzyme 
activities and investigations of the 
properties of cell membranes. Some 
experience in handling animals is 
highly desirable Salary in range 
£2.247 (age 18) то £2,904 or £2.370 to 


£3.015 according to age and qualifica- 
tions. plus £384 London  Weighting. 
Apply in writing. stating age and giv- 
ing details of qualifications and experi- 
ence (if any) to the Secretary, Guy's 
Hospital Medical School. London 
Bridge SEI SRT, quoting Ref. B.C 
9406CA › 





FACULTY POSITIONS OPE 
College of Agriculture and 
Food Sciences 

FAISAL UNIVERSITY 

Hoffuf, Saudi Arabia 





KING 






Inquiries invited from — qualified 
applicants at all academic levels fo 
teach courses in the following fields 

Agricultural Economics 
Animal Science 
Animal Ecology 

Agronomy 
Agricultural Engineering 


Dairy Science 
Bee Keeping 
Horticultare 
Agriculturai Extension 
Water Resources and Climatologs 
Plant Pathology 
Economics and Nutrition 
Poultry ience 
PREREQUISITES: 
equivalent decree: practical and/or 
teaching experience. Preference will he 
given to Arabic speakers. 
È age of instruction is 
Positions are available starting 
Semember 1979; interviews scheduled 
with the Dean in the United States 
and Great Britain during Apri/Mus 
1979. 


SALARY RANGES: Gross monthly 

salary in Saudi riyab. Approximate 
annual (sterling equivalenti 
RANK: 
Professor SR7.195 to SRO SOS (£12,983 
io £17,314) Associate Professor 
SR6,438 to SRR ISS  (£11.612.— to 
£14,770). Assistant Professor SR5,245 
to 587.765 (£9.466 10 £14.012) 
Lecturer SR3.280 то SR4.530 (£5,919 
to £8,174). 

BENEFITS 

Free furnished accommodations: 
Substantial educational allowance for 
up to four children. Air fare to and 
from Saudi Arabia once a year for 
husband, wife and tac children plus 
60-day paid summer holiday. No Saudi 
income lax 

Send complete 


Home 






Masters or 






Enulish 








curriculum viae 
stating preference of course and 
names, addresses and telephone 
numbers of three references to 
Dr Н. M. Elarosi 
Dean, College of Agriculture 
and Food Sciences 





King Faisal University 

at the approoriate addresses below 

Post Office Box 2. Sunhury-on- 
Thames. Middlesex туе SIP. 
England 

c/o Saudi Arabian Educational 
Mission, 2221 West Loop South. 
Suite 400, Houston, Texas 77027. 
USA 9199(A) 





POSTDOCTORAL POSITION, Nasal 
Research Laboratory/Georgetown Uni- 
versity collahorative programme 
Raman and Brillouin light scattering 
investigations into. molecular contor- 
mations and viscoelasticity in polymers 
nd biopolymers as functions of pres- 
sure and temperature. Salary $15,000 
plus travel expenses Send resume and 
names of three references to R. Weiss. 
Department of Chemistry, Georgetown 
University, Washington. D.C 20057 
An equal opportunity employer 
94 100A) 

















UNIVERSITY OF DURHA 
DEPARTM T OF APPLIED 
PHYSICS AND ELECTRONIC 
Applications are invited for the р 


of 
LECTURER 

in the Department of Applied Phy 
and Electronics tenable from Осо 
1, 1979, Candidates should have 
search and/or industrial experience 
the general area of microelectror 
Preference will be given to those + 
research interests in silicon dev 
and/or technology. 

Salarv on the scale £3,883 to £7, 
(under review), plus superannuai 
benefits, according to age 
experience. 

Applications (three copies) пат 
three referees should be submitted 
the Registrar and Secretary, Scie 
Laboratories, South Road, Durt 
DH! 3LE. not later than Mon 
February — 26, 1979, from wł 
further particulars may be obtair 

9356(^ 








UNIVERSITY OF 
NOTTINGHAM 
SCHOOL OF AGRICULTURE 
Sutton Bonington. Loughborougt 
Applications are invited for the post 


TECHNICIAN GRADE 3 
within the Animal Production Sect 
of the Department of Agriculure 
Horticulture. The successful applic 
will be required 1o assist in stu: 
of the factors controlling reproduct 
in farm livestock, and the work 
largely involve the radioimmunolog 
assay of hormones. Previous exp 
ence with such techniques is 
essential. The appointee will also 
responsible for the day to day runn 
of the appropriate laboratory facilit 

Salary in accordance with Grad 
for Technicians, £2.688 to £3,060 
annum. 

Write or telephone the Secretary 
the School (Tel: Kegworth 23861: 
an application form quoting Post F 
79/2 9з59 A 














UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF PHARMAC 
LECTURER IN 
PHARMACEUTICS 
Applications. are invited fr 
Pharmacy Graduates for a Lectures 
in Pharmaceutics. Experience ín. P 
sical Pharmaceutics or Pharmuceut 
Technology would be considered 
advantage. 
The initial salary will 
range £3,883 to £7.030 
Further particulars 
application, returnable 
February 16, 1979, 
Appointments Officer, 
Nottingham. University 
tingkham NG? 2RD Ref. 





be within 
per annum 
and forms 
not later t 
from the S 
University 
Park, М 
660 
9360(A 








UNIVERSITY OF 


SOUTHAMPTON 
DEPARTMENT OF 
BIOLOGY 
Applications are invited for the р 
of Lecturer in the Department 
Biology. Candidates should have 
special interest in Plant Ecology 
should expect to contribute fully 





the general teaching in the Dep 
ment. 

Salary scale £3,883 to £7,754 
annum plus U.S,S. initial salary + 
depend on qualifications and exp 
ence. 


Further particulars may be obtai 
from Mrs E С. P. Sears, Stafi 
Section, The University, — Highfii 
Southampton SO9 SNH. to wh 
applications (seven copies пап 
three referees should be sent, as M 


as possible and not later than Ma 
9. 1979. Please — quote refere 
number 1609/R/Na. 9362€(A 


fature Vol. 277 





UNIVERSITY OF 


SOUTHAMPTON 

NEUROPHYSIOLOGY 

RESEARCH GROUP 
Applications are invited for a tech- 
cal appointment in the School ot 
fochemical and Physiological Sciences 
assist in a current research project 

Mammalian Neurophysiology and 
europharmacology. е 
Applicants should possess ап аррго- 
часе science qualification, at least 
.N.C. or two science A level passes, 
td have relevant experience, Applica- 
»ns from graduates 
ad Pharmacology would be welcome. 
The appointment which is to be 
fed as soon as possible, and is for 
ae year in the first instance with 
ж possibility of an extension for a 
rther two years, will be made on 
Wary scale £2,688 to £3,060 рег 
mum (under review), with initial 
Wary up to £2,835. Opportunities for 
irther study would include part-time 
wistration for a higher degree if 
spropriate. 
Applications stating date of birth. 
salifications and experience and the 
mes and addresses of two referees. 
ould be sent to Mr С. N. Saul, The 
niversity, Southampton SO9 SNH, 
;oting reference number 517/T/Na. 
9361(A) 





Hounslow Health District 
WEST MIDDLESEX 
HOSPITAL 
Isleworth, Middlesex 
ASIC GRADE BIOCHEMIST 


quired in clinical biochemistry 
oratory. Previous experience по 
ential. Wide range of techniques. 
sluding automation and radio- 


mune assay, providing the experi- 
ке and opportunities needed to take 
gher qualifications. 

The Department may be visited by 
ointment. Tel: 01-560 2121. Ext 
. Whitley Council terms and con- 
fons of service apply. 


Application form from: Mrs Pitt- 
an, Personnel Department, Tel: 560 
21, Ext. 669. 9369(A) 





RESEARCH ASSISTANT 


Graduate required to join a team of 
entists investigating basic aspects 

cardiac biochemistry and phar- 
cology. A training in pharmacology, 
achemistry or physiology and an 
perience in spectrophotometry, tissue 
tabolite analysis or organ perfusion 
uld be advantageous. The research 


it is located in the new Rayne 
titute and appointments will be 
de through St. Thomas's Hospital 


edical School. 
Applications, together with a cur 
wlum vitae, should be sent to Dr 


ian Manning. The Myocurdial 
stabolism = Research Laboratories, 
е Rayne Institute, St. Thomas's 
spital, London S.E.1. 9391(A1 





JNIVERSITY OF OXFORD 
DYSON PERRINS (ORGANIC 
CHEMISTRY) LABORATORY 
DEPARTMENTAL 
ASSISTANT 
applications are invited from 
anic chemists of postdoctoral status 
the post of Department Assistant 
n September 1, 1979. 
"he salary will be on the scale 
883 to £4,882 per annum accordin 
age and experience and with 
nbership of 12.5.5. 
"he appointment 





will be for a 






Pod not exceeding two years and 
Successful applicant will — be 

ected to collaborate with one of 
research groups and Supervise 

ergraduaie experiments 


urther particulars may be obtained 
à the Administrator, Dyson Perrins 
oratory, South Parks Road. Oxford 
1 ЗОҮ, to whom applications with 
names of two referees should he 
bv March 31. 9308£AY 





in Physiology | 


i 
i 
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UNIVERSITY OF DUNDEE 
DEPARTMENT OF 
BIOCHEMISTRY 
RESEARCH ASSISTANT 

(Ref: EST/21/79J) 

and a 
EARCH TECHNICIAN 
(Ref: EST/113/79J) 


Applications for the 
vaca ncie in a research 
working on the structure 
assembly of bacterial multimeric 
membrane proteins, are invited 
from suitably qualified candida 
with an interest or experienc 
one or more of protein purifica- 
tion, immunological techniques 
and/or electron. microscopy. The 
posts are financed from a Medical 
Research Council grant and are 
available to September 30, 1981. 
with the possibility of subsequent 
renewal. 

Applicants for the Research 
Assistant post must have a good 
Honours degree in Biochemistry 
or a related. subject and will be 
eligible for appointment within 
the range £3.384 ta £3.88 per 
annum funder review) 
with appropriate 
equivalent qualifications 
least three vears? relevant experi- 
ence will be eligible for appoint- 
ment to the Technician post at an 
initial salary oof £2.688 tunder 
review). 

Applications. containing 
details 1 е. qualifications and 
ence and the pames of two 
referees should be lodged as soon 
as possible with the Secretary, The 
University, Dundee ООР AHN. 
Picase quote appropriate reference. 


SASS A) 


RE 


above 
group 
and 


and 


full 

















SEA MAMMAL RESEARCH UNIT 
HIGHER SCIENTIFIC 
OFFICER/SENIOR 
SCIENTIFIC OFFICER 
ENERGETICS OF SEALS 
AND WHALES 


The Unit is looking for a biologist 
to join a team studying the energy 
requirements of seals and whales, The 


post will involve fieldwork under 
rigorous conditions, including work 
from small boats and оп remote 
islands. Appointment will be at the 
Higher Scientific Officer or Senior 
Scientific Officer level depending on 
experience, and will commence as 
soon as possible, 
Qualifications 

A degree in a biological subject 
pius at least three vears' postgraduate 
experience. Candidates should have a 
background in appropriate laboratory 
techniques. Experience in the capture 


and handling of large mammals and 
the use of telemetry equipment would 
be advantageous 
Salary 

Salary range £4,101 to £5,448 
(H.S.O.) and £5,154 to £6.898 (S.S.O .). 
Starting pay according to qualifications 





and experience, Non - contributory 
superannuation scheme 
The staff of the Council are not 


Civil Servants, but their pay and con- 
ditions of service are similar to those 


in the Civil Service, 

For application form and further 
particulars write (quoting reference 
SMD to SEA MAMMAL RESEARCH 
UNIT, c/o BRITISH ANTARCTIC 
SURVEY. MADINGLEY ROAD. 


CAMBRIDGE CB3 ОЕТ, CAMBS 
Closing date: February 26, 1979. 
NATURAL ENVIRONMENT 
RESEARCH COUNCIL 

9354(A) 


Technician 


Drug Metabolism 


A vacancy exists for a Technician to work in our Drug Metabolism 
Department. He/she will assist in determining the metabclic fate of 
candidate drug compounds in both animals and man. There will also 
be some involvement in carrying out animal procedures. 





xix 









Candidates should have O levels, HND or equivalent qualifications. 
Home Office licences would also be advantageous. 


We are part of a large expanding international company in which 
salaries and job security are of the high standard to be expected. 


Benefits include minimum of four weeks holiday, contributory 
pension scheme with free life insurance, free membership of PPP, 
flexible working hours, staff restaurant with luncheon vot chers, 
sports and social club and contribution towards removal »xpenses 
where appropriate. 


Please write or telephone for an application form to: Adrian Forrest, 
Personnel Department, Hoechst UK Limited, Walton Manor, Walton, 
Milton Keynes, Bucks. Tel: Pineham 5068. 


9447( A) 








UNIVERSITY OF BATH 
SCHOOL OF PHARMACY 
ANO PHARMACOLOGY 






ACEL 
ANALYSIS 


Applica ic are invited 
suitably qualified у i 
post. The succes 
expected о cont 
of B.Phamn. 
undergradkiate cours 
interested in res 
Pharmaceutical A 

Application 
details acailable 
Officer, University 
TAY, qucting Refers 















lysis, 
forms — and 
from the 


further 
Personnel 
Bath, Bath BA2 
ce No, T9/VI/N. 
9373 ÁI 











JNIVERSITY OF 
ABERDE 
DEPARTMENT C 
RESEARCH 
Applic.tions 
above post, 
Organisa‘ion, 
ysport and 
hlood-dw tiling 
should possess 
Biochem stry, i 
The 
months. 
sible. Sa 
ia £ 























то 
pro 













whom арр 
be lodged t 
ing reference 
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| DEAN 
ONTARIO VETERINARY COLLEGE 
UNIVERSITY OF GUELPH 


Applícations and nominations are invited for the position of 
Dean of the Ontano Veterinary College, which will become 
vacant on December 31, 1979 The Ontano Vetennary College 
1s the oldest college of vetennary medicine in Canada with 
a complement of 105. The College i$ administered through the 
Dean with the assistance of two Aseociate Deans. 


It is expected that candidates will hold the D.V.M or equivalent 
veterinary qualifications preferably with further advanced training 
Considerable expenence in teaching, research and administration 
in an academic environment will also be expected. 


The successful applicant will also hold an academic appointment 
in the appropriate department of the Ontano Vetennary College. 


Applications and nominations will be accepted until Арп! 1, 1979, 
or until position i$ filled, and should be submitted to: Dr. H C 
Clark, Vice-President, Academic, University of Guelph, Guelph. 
Ontano, Canada, N1G 2WI. 


Position subject to final budgetary approval 


9387(A) 


UNIVERSITY OF CRETE 


The Departments of Mathematics and Physics are having openings for 
visiting appointments at all ranks Greek-speaking mathematicians and 
physicists are invited to apply Applications for regular appointments will 
bo formally solicited soon. 


All correspondence, including letters of recommendation, should be 
sent by the end of Apnl 1979 to Ms Sophia Politi, Univermty of Crete, 
Solonos 71, Athens 143, Greece 9383(A) 





UNIVERSITY OF 
BIRMINGHAM 
Dental School 


DEPARTMENT OF ORAL 
PATHOLOGY 


RESEARCH FELLOW 


Postdoctoral Research Follow re- 
quired to continue a project into the 
evelopment of in vitro methods for 
testing the toxicity of dental matenals 
Previous experience of celi culture 
and quantitative cytochemical tech- 
niques would bo an advantage, but is 
not isi gie уде The project 19 for three 

and would carried out im 
parallel with other їл эго projects 
currently in progress 

Salary on the scalo £3,883 to £6,555, 


pl perannuation 
Parther particulari available from 


the Asistani omgaan, The Dental 
School, St Chad's Queensway, Bir- 
mingham B4 6NN, to whom appli- 
cations, tocludmg a fuil curnculum 
vitee and the names of three refereos 
should be sent by February 28, 1979 
9370XA) 





University of London 
READERSHIP IN 
PHYSIOLOGY 
AT QUEEN ELIZABETH 
COLLEGE 


The Senate invites. applications. for 
the above Readership to be held at the 
Department of OL OE (Head of 
Departmont L Yudi- 
levitch, MD) The Reader will be an 
experienced physiologist of proven 
research ability The Department has 
been expanding its research activities 
in the past few years and m now well- 
equipped for studies in ıts current 
interests Queen Elrmabeth College із 
located in Kensington in a pleasant 
neighbourhood near Holland Park 

The successful candidate will be 
expected to develop hs/her own 
research, “supervise postgraduate re- 
search students and to contribute to 
undergraduate teaching 

Applications (!0 copies) must be 
received not later than March 0, 
1979, by the Academic Registrar (N), 
University of London, Malet Street, 


London WCIE 7HU, from whom 


further particulars — (including the 
salary scale) should firm be obtained 
9451(A) 






















The successful candidate is likely to be in the 


contribute to a multidisciplinary team working 
on the safety of novel pharmaceuticals, and to 
work closely with skilled technical staff, 
vetennary and other graduate staff The main 
responsibility of the post will be to complete 
the studies of biochemical and physiological 


Pharmacologist 


Safety of Medicines 


The Pharmaceuticals Division of ICI requires effects of drugs and their mechanism of 

a graduate pharmacologist. male or female, action 

interested in pharmacodynamics and mode Salary and conditions of service will be 

of action studies Considerable expenence attractive and the position is based at our 

and knowledge of the pharmaceutcal headquarters in pleasant countryside in 

industry would be an advantage Cheshire with good recreational and 
residential facilites 


age range 25-35, and will be expected to Please wnte with your career details to 






Mr M F Losse, 
Personnel Officer, 
ICI Pharmaceuticals Divison, 
Mereside, Alderiey Park, 
Nr Macclesfield, 
Cheshire 





944%А) 











SEALE-HAYNE COLLEGE 
Newton Abbot, Devon 
LECTURER IN CROP 

PRODUCTION 


Applications are invited from sw 
ably qualified graduates with teachin 
research ог industrial experienc 
Duties include teaching degree ai 


{ications to and further pe 
ticulars from The Principal, Seat 
Hayne College, Newton Abbot, Dew 
TQI2 6NQ 9426(A) 





UNIVERSITY OF EXETER 
GEOGRAPHY DEPARTMENT 


Applications are invited for the po 
rade V Laboratory Technxian 
take overall responsibility for tl 
physical laboratories of the Depa 
ment of Geography, to develop tl 
chemical analysis of sois and эх 
ments, and to exend, advise and gi 
instruction on laboratory procedurt 

A background in environmental/m 
chemustry would be an advantage. 

Applicants should hold HNC 
equivalent qualification at least, в» 
have appropriate expenence іа t! 
work 

Salary £3,186 to £3,720 per annu 
(under review) 

Further details can be obtain 
from Mis Doreen Watson, to who 
applications, stating age, qualificatio 
and  expenence together with ti 
names of two referees should be se 
by March 2, 1979 Please quo 
reference number $111 9437(A) 


UNIVERSITY OF 


LIVERPOOL 


DEPARTMENT OF 
BIOCHEMISTRY 


TECHNICIAN (ELECTRO? 
MICROSCOPE) 


To operate a JEM T7 electr 
mucroscope and associated oquipme 
which provides a service to seve 
research groups Candidates shou 


ence but applications from 

with lower qualifications will be cc 
sidered Salary on & scale up to £3,7 
pe according to qualifications a 


Application forms may be obtain 
from The Registrar, The Univers 
PO Box 147, Liverpool L69 3B 
Quote Ref: RV/475/N 9438(A) 


OF NORTH WALES 


Bangor 

Applications are invited for the 
post of RARU A ASSISTANT 
to undertake Se sponsored 
‘by the Welsh ce to n 
the biodegradation of crude 
wastes 

nr work will Бе сае ор 

DI o 1 em 

а Soul Science under the кары. 
тжюп of Dr О D Floodgate and 
Dr Р A WUliams 

The appointment, to commenct 
as soon аз posuble, (d be for 
one усаг at a salary’ £3,356 
per annum. у 

Applications (two copies), 
detalh of qualifications Ml ex 
perience, togetber with the name 
and addresses of throe reforocs 
should be sent to the Astan 


Gw medd 1,57 2DG, from whom 
further particulara may be ob 
co 

dato for "рро 
enous 14, 1979 





ГА 


ature Vol. 277 1 February 1979 


UNIVERSITY OF 
DAR ES SALAAM 
Tanzania 
Applications are invited for tho 


following posts in the 
DEPARTMENT OF PHYSICS 


1. SENIOR LECTURER/ 


KCTURER IN GEOPHYSICS 


Applicants should hold a PhD or 
uivalent in Physics with a bias in 
‘ophymics The appointee should be 
dy to run a geomagnetic observatory 
«ated on the campus 


2. SENIOR LECTURER/ 
LECTURER IN 


ELECTRONICS 


Applicants should hold a PhD or 
aivalent in Electronics The ap 
Antec will be responsible for organis- 
4 aod teaching undergraduate and 
xgraduate courses He/she will aho 
«ticipate in the development super- 
ion of postgraduate research in the 


Lecturer 
1, to £T2,480 per annum Lec- 
ter £T1,620 to £T1,980 per annum 
«clusve of 50 per cent ехраќпасоп 
owance) (£TI=£133 mering) The 
ÀAush Government may supplement 
ries in range £4,356 to £4,782 per 
num (sterling) for marmed ap- 
lotees and £2,754 to £3,018 per 
aum (sterling) for single appointees 
viewed annually and normally free 
all tax) and provide children's edu- 
«ton allowances and holiday vist 
wages Family pesmges, FSSU 
mual overseas [cave 
Detailed applications 
4h curnculum vitae and naming 
со referees to be sent direct to 
uef Academic Officer, University of 
г es Salaam, PO Box 35091, Dar c» 
daam, Tanzania, by March 14, 1979 
rplicants resident in the U K should 
© send one copy to Inter-University 
mnc, 90/91 Tottenham Coun, 
md, London WIP ODT Further 
«ails may be obtained from either 
dress 9415(A) 


(two copies) 


UNIVERSITY OF 
DAR ES SALAAM 


Tanzania 


Applications aro invited for 
the post of 


ASSOCIATE PROFESSOR / 
SENIOR LECTURER/ 
LECTURER IN GEOLOGY 


Applications are invited from those 
о can teach two or more of the 
courses Precambrian Ge- 
зү, Economie Geology, Mining 

ogy, Geology of Fuels, Geo 
emustry, Mineralogy, and Petrology 
e«odidates should have a PhD in 
ology with at least two years’ teach- 
‚ experience at a University or an 
titution of equivalent status Can- 
"ates with long professional experi- 
зе and without the aforementioned 
ed qualifications also will be 
w 


scales Asociate Profesor 
2,380 to £T2 per annum Senior 
cturer £TI, to £12,480 ре 
ium Lecturer £T1,620 to £T1, 


* annum (exclusive of 50 per cent 
tration allowance) (£TIsm £l 33 
«ling) The British Government may 
ponent slanes in range £4,356 to 
per annum (sterling) for married 
»ointees and £2,754 to £3,300 per 
лит (sterling) for single appointees 
viewed annually and normally free 
all tax) and provide children's edu- 
ion allowances and holiday visit 
4ages Family passages, FSSU, 
nnal overseas leave 
Detailed applications 
h curnculum vitae and naming 
oo referees to be sent direct to 
tef Academic Officer, University of 
г ез Salaam, PO Box 35091, Dar e 
sam, Tanzanm, by March 14, 1979 
witcants resident in the U K should 
э send one сору to Inter-Universit 
incil, 90/91 Tottenham Coun 
ad, London WIP ODT Further 
119 may be obtained from either 
сем 9416(A) 


(two copies) 





Institute of Terrestrial Ecology 


HIGHER SCIENTIFIC 
OFFICER /SENIOR 
SCIENTIFIC OFFICER 
PLANT ECOLOGIST 


A plant ecologist at Higher Scientific 
Officer/Senlor Scientific Officer level ıs 
required at the Institute's station at 
Monks Wood, near Huntingdon 

Applicants should have an interest 
ш the experimental management of 
lowland heaths and will have responsi- 
bility for an important research con- 
tract concerned with the control of 
scrub and bracken In addition to con- 
tract work there will be opportunities 
for the development of other studies of 
vegetation change 


Quali fications 
е a ra oe a good 
honours biology, 


ассы ог ап Mat s ubject and at 
least two years’ брака postgraduate 
experience. 
Salery and conditions of service 
The salary wil be within the 
following scales 
H S O. £4,101 to £5,448 per annum, 
3.5 О £5,154 to £6,898 per annum 
with 22 days paid annual leave plus 
104 days public and privilege holidays 
Starting pay according to age, 
qualifications and experience 
There m a non-contmbutory super- 
annuation scheme 
The Natural Environment Research 
Council ш not a Government Dopart- 
ment but conditions of service are 
sunilar to those of the Civil Service 
Application forms and further 
details are available from 
Establahments Section 
Institute of Terrestrial Ecology 
68 Hills Road 
Cambridge 
CB2 ILA (0223 69745) 
Please quote reference 182 
Closing date for applications ш 
Fobruary 16, 1 
NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
935%А) 





BRITISH ANTARCTIC 
SUR VEY—CAMBRIDGE 
HIGHER SCIENTIFIC 
OFFICER 


The Atmosphere Sciences Division 
of the B A.S requires a Higher Scien- 
tific Officer to be responsible for the 
reduction and publication. of data 
collected the Survey’s three geo 
magnetic observatories in Antarctica 
In addition the duties would include 
giving support to research staff using 
geomagnetic data, and maintenance of 


equipment Experience in computing 
i desirable 
As the person appointed will be 


required (о visit Antarctica іп the 
Austral summer for six months about 
once every three years, applicants 
should be physically fit and male 


Qualifications A degree, HNC or 


equivalent in an appropriate subject 
plus at least five years appropriate 
expenence. 


Salary and conditions In the scale 
£4,101 to £5,448 per annum—a4he start- 
ing salary may be above the minimum 
According to age and experience 

Additional allowances are payable 
for Antarctic service during which 
time messing aod polar clothing are 
free. 

Staf of the NERC are not Civil 
Servants, but their pay and conditions 
of service are similar to those of the 
Civil Service There 13 a non-contribu- 
lory superannuation scheme 


For application forms please write 
(quoting reference BAS/003) to 


The Establishment Officer, 

Bntüsh Antarctic Survey 

Madingley Road, 

Cambndge CB3 OET 

Closing date February 26. 1979 

NATIONAL ENVIRONMENT 

RESEARCH COUNCIL 

9353(А) 


CSIRO 


POSTDOCTORAL POSITION 


available immediately for research on 
membrane phenomena associated with 
mediator 
cants should have a background in 
immunochenmust ry or 
Send curriculum vitae and three let- 


Winnipeg, Manitoba, CANADA БЕЗЕ. 


AUSTRALIA 


Research Scientist 
(2 Positions) 


Division of Mathematics 
and Statistics 


Sydney or Melbourne 


CSIRO has a broad charter for research into primary and 
secondary industry areas The Organization has approximately 
7,000 employees—2,300 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australla 


General: The Organtzation’s Drvislon of Mathematics and 
Statistics has 104 staff, of whom over 7096 are professional 
scientists, located at centres and laboratories in all caprtal crties 
and some major country towns 


The Division's research in mathematics and statistics includes 
vanous aspects of fluid mechanics, statistical mechanics, 
optimisation, computational mathematics, distribution theory, 
multrvanate analysis, stochastic processes, geostatistics, 
statistical inference and experimental deeign Application of this 
research to agricultural, biological, environmental, physical and 
industrial investigations currently includes the design and 
analysis of expenments and the modelling of ecological, 
physical, agncultural, and climatological systems Research is 
also being extended into Industral processes and mineral survey. 


Professional scientists of the Division advise on the 
mathematical modelling and statistical analysts of investigations 
undertaken by other Divisions of CSIRO The Division now 
wishes to appoint to rts Sydney and Melbourne groups, two 
experienced scientists at the Senior Research Scientist— 
Principa! Research Scientist level 


Location: Following an initial penod of one to two months 
in Canberra, the two appointees will be located in Sydney and 
Melboume respectively 

Dutles. To conduct methodological research in statistics 
and/or probability theory, and to advise scientists in other 
CSIRO Divisions on the planning of and interpretation of 
experiments and the use of mathematical and statistical methods 
The appointee would be expected to provide leadership for an 
appropriate sub-group within the Division of Mathematics 
and Statistics 

Qualifications’ A Ph.D. degree or equivalent qualification, 
with extensive research experience and an established 
international reputation in a relevant field Consulting expenence 
would be an advantage 

Salary: Appointment will be made within the salary range 
of Senior Research Scientist-Principal Research Scientist. 
$A19,572 to $A26,368 pa Senior scientists with appropriate 
research expenence may be considered for appointment at a 
hrgher level 

Tenure: Indefinite with Superannuation benefits 


Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least 
two professional referees, and QUOTING REFERENCE 
NUMBER 440/301, should reach — 

The Personnel Officer, Australian Scientific Liaison Office, 
Canberra House, 10-16 Maltravers Street, London WC2R ЗЕН, 
by 28th FEBRUARY, 1979 

Applications in U S A and Canada should be sent to — 
The Counsellor Scientific, Embassy of Australia, 

1601 Massachusetts Avenue, N W , Washington, D С, 20036, 
USA 


9440(A) 





University of London 


release in allergy Appli- 


biochemistry the above Chair 


ters of recommendation to Dr A received by the Academe Registrar 
Froese. Dept of Immunology. Univer- (М), Univeruty of London, 
sity of Manitoba, 730 William Ave Street, London WCIE 7HU. 


MITHA) be obtained Closing date 


CHAIR OF AGRICULTURAL 
BOTANY AT WYE COLLEGE 


The Senate invites applications for 


Applications (10 copies) should be 


whom further particulars should frat 
March 2. 
A9416(A) 
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7 BRITISH ANTARCTIC SURVEY 
The British Antarctic Survey have vacancies for Contract Staff on limited period appointments. All the posts 


involve visits to Antarctica for varying periods. 


GEOLOGISTS (3 POSTS) 


(ES 1/79) GEOLOGIST required to work in the 
Mineralogy, Petrology and Geochemistry Section of the 
Survey on plutonism of the Antarctic Peninsula. 
This project is a study of the plutonic rocks in certain 
areas of the Antarctic Peninsula over two summer field 
seasons. Some basic mapping will be required although 
many of the plutonic rock areas have already been 
studied. Geochemical sampling and subsequent analysis to 
determine magmatic and regional evolutionary trends will 
form a major part of the programme. 


(ES 2/79) An experienced metamorphic petrologist/ 
structural GEOLOGIST is required to work on the Pre- 
Middle Jurassic metamorphic complex of the Antarctic 
Peninsula. The successful candidate will undertake two 
Antarctic summer field seasons, the first being spent in 
Palmer Land examining areas previously mapped only in 
reconnaissance detail. During the second season the person 
will be working in a collaborative US/BAS study of the 
tectonic relationship between East and West Antarctica. 


(BS 3/79) GEOLOGIST required to study the Jurassic 
palaeoecology and stratigraphy of the northern Antarctic 
Peninsula. The project will be primarily concerned with 
the plant-bearing sequences; field work is planned to 
document accurately these deposits with a view to assessing 
their significance The project will involve one summer 
fleld season. 

Posts 1/79 and 3/79 to commence beginning of July, 1979. 
Post 2/79 is available from May 1979 and must be taken 
up by early July. 

Qualifications for all three posts Minimum Upper Second 
Class Honours degree but preference will be given to appli- 
cants holding higher qualifications or relevant research 
experience especially for ES 2/79 and ES 3/79. 


GLACIOLOGY SECTION (2 POSTS) 

(ES 4/79) GLACIOLOGIST/OCEANOGRAPHER. A 
person is required to assist in the examination of con- 
ditions affecting the melting of ice at the bottom of ice 
shelves. Additionally, oceanographic measurements of 
current flow, salinity and temperature profiles, and the 
collection of seawater samples are undertaken. 

Two visits to the Antarctic would be made within the first 
three years employment Qualifications should be a mini- 
mum of a 2(1) Honours Degree is physics, geophysics, 
oceanography, chemistry or engineering, and should 
include practica] skills. 

To commence beginning of July, 1979. 


(ES 5/79) GLACIOLOGIST is required to assist in the 
development of radio echo equipment and the interpreta- 


tion of results. Airborne surveys of ice thickness wiH be ` 


carried out in 1980/81; the person appointed would help 
gather data in the Antarctic and then reduce this data in 
Cambridge. The 1979/80 season will be spent carrying out 
related experiments, but based on the glacier surface, 
studying ice shelves and ice sheets to help understand 
their dynamic behaviour. NP 

The person appointed should have qualifications in electro- 
nics with mathematical knowledge, or bave a degree in 
applied maths or physics and a strong interest in 
electronics. 


To commence beginning of July, 1979. 


CHEMISTS (2 POSTS) 


(LS 1 /79) FRESHWATER CHEMIST to study the 
chemical relationships involved in nutrient cycling in 
maritime Antarctic lakes on Signy Island, South Orkney 
Islands. The proposed study is part of a comprehensive 
programme of limnological research Laboratory facilities 
at the Signy research station are good and there is a tele- 
pene шк with headquarters and the Project Leader in 
e 


The individual selected will receive up to one year’s 
training at the research laboratories, Cambridge and the 
Freshwater Biological Association, Windermere. Approxi- 
mately 23 years will be spent in Antarctica and one year 
will be spent writing up the work in Cambridge. 


Applicants should have at least a First or Upper Second 
Class Honours degree. SCUBA diving experience is 
desirable but not essential as professional training will be 
given. Post available from July 1979 and must be taken 
up by September. 


(ES 6/79) A CHEMIST is required to join a small team 
analysing trace impurities trapped in Antarctic : snow. 
The aim is to determine changes in airborne pollution 
reaching the polar ice cap during historical time and to 
interpret palaeoclimatic variations from microchemical 
evidence contained in ice cores. 


Following a year spent in the laboratory the successful 
applicant will undertake a summer field season in the 
Antarctic Peninsula collecting samples and carrying out 
some in situ analyses, which will involve an absence from 
the UK of about six months. 


In the first instance the appointment is for a period of 
four years commencing June/July 1979. 


Minimum qualifications are 2nd Class Honours Degree in 
Chemistry or Joint Honours Degree. 


ATMOSPHERIC SCIENCES DIVISION 


(AS 1/79) PHYSICIST/METEOROLOGISTS (6 Posts) 
and (AS 3/79) METEOROLOGISTS (2 Posts) to work 
at the Survey's observatories in Antarctica. Posts (AS 
1/79) carry special responsibility for either ozone and 
radiation measurements, or geomagnetic and seismological 
programmes. 

Successful candidates will be part of a combined 
meteorology/observatory physics team which is responsible 
for surface and upper air meteorology, observations of 
sea ice movement-and snow accumulation. 


Applicants should have a degree in physics or meteor- 
ology, or relevant HND or HNC qualifications. Preference 
wil be given to candidates with practical electronic 
expcrience. 


(AS 2/79) PHYSICISTS/ELECTRONIC ENGINEERS (C 
Posts) to carry out studies of the ionosphere in Antarctica 
The basic work consists of operating and maintaining 8 
variety of 10nospheric remote sending experiments anc 
interpreting the results. Applicants should have a back 
ground in either electronics with an interest in atmos 
pheric sciences oriin physics with electronic experience 
They should be prepared to work without supervision anc 
be capable of improvisation in adverse situations 

Successful applicants will commence training 1n July prio» 


to sailing to Antarctica in October and must be preparex 
to spend 30-33 months continuous service overseas. 
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BRITISH ANTARCTIC SURVEY 


BIOLOGICAL OPPORTUNITIES (6 POSTS) 

Offshore Biological Programme 

The British Antarctic Survey is engaged ш a major off- 
shore biological programme in the waters of the Southern 
Ocean around South Georgia. . . 
About 3 months of each year will be spent at sea in 
active sampling. | 


(LS 5/79 а) KRILL PHYSIOLOGIST 


The zooplankton team of the Offshore Biological Pro- 
gramme requires a physiologist to study the energetics 
of Antarctic Krill (Euphausia superba). 

The successful applicant will be expected to undertake a 
research programme involving a significant amount of field 
work centred at the Survey’s base on South Georgia and 
making use of the laboratory and aquarium facilities there. 
Qualifications : PhD or minimum Upper Second Class with 
strong bias towards marine invertebrate physiology. 


Appointment from 1 June 1979. 


(LS 5/79 b) FISH PHYSIOLOGIST 

A fish physiologist is required to work on the growth and 
development of an Antarctic group of fish (the 
Notothentidae). 


Most of the field work, which will probably extend over 
three Antarctic seasons, will be done at the Survey’s base 
at Signy Island On returning to the UK, up to two years 
will be available for writing up the work. 

Qualifications: PhD or minimum Upper Second Class, 
preferably with emphasis in fish physiology. SCUBA 
diving experience 1s desirable but not essential, as training 
will be given in this country. 

Appointment from 1 June 1979. 


(LS 5/79 c) ASSISTANT BIOLOGIST FOR ZOO- 
PLANKTON TEAM 


The Zooplankton Team of the Offshome Biological 
Programme requires a biological assistant to help with the 
sampling, sorting, identification and curation of zooplank- 
ton samples 


The successful applicant will be expected to participate in 
the field sampling programme around South Georgia and 
in the Scotia Sea as well as in sorting and identifying the 
samples at the Institute Headquarters in Cambridge 


Qualifications: 2 ‘A’ levels or Pass degree, with zoology 
as main subject. Some experience of working at sea an 
advantage. 


Appointment from 1 September 1979. 


(LS 5/79 d) CHEMISTRY TECHNICIAN (Hydrology/ 
Primary Production Team) 

A chemistry technician is required to assist with hydrolo- 
gical and primary production studies The work mainly in- 
volves the automated photometric analysis of nutrient 
chemicals including trace elements, and measurements of 
primary productivity using radioisotope fixation tech- 
niques. The individual selected will be based at the British 
Antarctic Survey research laboratories in Cambridge and 
will spend several months each year at sta on RRS JOHN 
BISCOE. 

Qualifications: Applicants must have at least an HNC in 
chemistry, Experience with chemical auto-analysers and 
atomic absorption spectrophotometers is desirable but not 
essential as training will be given. 

Appointment from 1 September 1979. 


TERRESTRIAL BIOLOGICAL PROJECIS 


(LS 4/79) MAMMALOGIST to study the extent and 
nature of Antarctic fur seal, Arctocephalus gazella, pup 
mortality on land, to investigate any relationship between 


' mortality and density of breeding fur seals and to evaluate 


the role of mother-pup behaviour in such circumstances. 
The successful applicant will work at Cambridge for 6 
months before leaving to work at South Georgia for three 
full field seasons commencing November 1979 and he will 
overwinter during 1980. He will be supported by a field 
assistant. It is planned that he will return to Cambridge for 
the 1981 Antarctic winter, returning to South Georgia for 
the third summer field season Thereafter he will be 
employed for two years in Cambridge to analyse and write 
up the results of his field work. 

Qualifications: At least an Upper Second Class Honours 
degree in zoology coupled with appropriate field work or 
postgraduate experience. 

The post is available from 1st May, 1979 and must be 
taken up by early July. 


(LS 6/79) Vacancy for a TERRESTRIAL BIOLOGICAL 
ASSISTANT/TECHNICIAN to work at South Georgia 
or Signy Island. He will assist with current terrestrial 
field programmes and will maintain routine environmental 
monitoring programmes, equipment and biological stores. 
The successful candidate will undertake a period of inital 
training in Cambridge and assist with the preparation and 
dispatch of equipment for the succeeding season's 
terrestrial research programme. 

Qualifications: Applicants should hold appropriate 
technical or scientific qualifications and have established 
experience in relevant techniques. A suitable Honours, 
Pass Degree, HNC or appropriate Laboratory Technician 
qualifications are acceptable. 


Appointment from 1 September 1979, At first the indi- 
vidual selected will be based in Cambridge. Approximately 
23 years will be spent in the fleld after sailing for the 
Antarctic in October 1979. 


Salary: For posts ES 1/79, ES 2/79, ES 3/79, ES 4/79, ES 5/79, ES 6/79 and LS 1/79 from £3689 depending on qualifica- 


tions and experience, 


For posts AS 1/79, AS 2/79 and AS 3/79 from £2890 depending on qualifications and experience, plus a supplement of £444.60 


for periods of service in Antarctica, 


For posts LS 4/79, LS 5/79a and LS 5/79b from £3689 depending on qualifications and experience. 


For posts LS 5/79c, LS 5/79d and LS 6/79 from £2890 dependin 


£444 60 for periods of service in Antarctica. 


& on qualifications and experience, plus a supplement of 


Subject to satisfactory service, Officers are eligible for a terminal payment equal to 10% of selary for service in the 


Antarctic, 


Tax for wintering personnel is low (British Antarctic Territory or Falkland Island Dependencies rates). 
Quarters, clothing, messing and canteen stores are provided free of charge while Officers are serving in the Antarctic. _ 


ELIGIBILITY: Applicants should be male, single and aged between 21 and 35 


cad 
i 


Applications will be considered from students who expect to graduate in 1979. UM d 
For further information and an application form, please write (quoting post reference number) giving full details of qua[ifica:. 
P m 


tions and experience to: 


The Establishment Officer, British Antarctic Survey, Madingley Road, Cambridge CB3 OET. E 


Closing Date: - 16th February 1979, 


г 
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BIOLOGISTS 


...to help develop 
natural history exhibitions 


The Britsh Museum (Natural History) is an insttution 
for taxonomic research and has world wide collections 
of antmals, plants and minerals. The Department of 
Public Services 18 responsible for the dissemination of 
information through educational conferences, wntten 


publications and exhibrtions, 


As members of a team within the Department, the 
successful candidates will work with designers, scnpt- 
writers and educational technologists on the develop- 
ment of new natural history exhibrhons The traditional 
display 1s being replaced by a completely new scheme 
designed to present an integrated view of modern 
biology. The blologists appointed will take responsibility 





for the organisation and presentation of subject matter 
and will maintain а close-liaison with designers to 
specify the content and structure of exhibits. 


Candidates, normally aged under 27, should have an 
honours degree or equivalent in biology, zoology, 
botany or other closely related disciplines. The ability 
to work to strict deadlines is essential. 


The appointments will be for 3 years, although 
subsequent permanent appointment is a possibility. 


Salary in the range £3300—f4880 with starting 
salary according to qualifications and experience. 


For further details and an application form (to be 
retumed by 16 February 1979) wnte to Civil Service 
Commission, Alencon Link, Basingstoke, Hants, RG21 
1JB, or telephone Basingstoke (0258) 68551 (answer- 
ing service operates outside office hours) 


Please quote ref: S/5052. 


BRITISH MUSEUM (NATURAL HISTORY) 


9388(A) 











IMMUNOLOGIST/ 
VIROLOGIST 

Two positions are available im- 
Moediately at the Asmstant Professor 
level for a Cellular Immunologist and 
а Virologuü to work in the Bovine 
Leukemm Research Unit Applicants 
should have a Ph D or D.V degrec 
with post-graduate training din the 
appropriate discipline. 

Qualified applicants should send a 
rémumé, copies of representative pub- 
Ikcations and the names of t 
people who may be contacted for 
references to" Dr Jo F Ferrer, 
Chief, Section of Viral Oncology, Um- 
vermty of 


INSTITUTE OF 
DERMATOLOGY 
(Univerzity of London) 
TECHNICIAN 


required to join tbe research staff 

Investigating tbe role of 

harmacological mediators of inflam- 
skin disease 


will 
apalyms of biological samples by 
radioimmunoassay techniques 
Applications, giving full details of 
age, experience, qualifications and the 
names of two referees, should be sent 


to: Dr N A. Plunmer, Institute 
of Dermatology, Homerton Grove, 
London ES 9384(A) 


Pennsylvania School of ` 


ROYAL ALEXANDRA 
HOSPITAL FOR CHILDREN 
Camperdown, N.S.W Australia 


BIOCHEMIST 


Applications are invited for the. new 

поп of  Biochenut (Principal 

ientific Officer) within the Depart- 
ment of Biochemistry in the Hospital's 
Institute of Pathology 


The Hospital. ца br bed Paediatric 
Teaching id lar the University 
of Sydney d & comprehensive 
range of clinical and laboratory ser- 
vices 

The new appointes will amin the 
present Biochemist (Dr L — Wobastor) 
in the routine work of tbe Department 
and wil have special responsibilities 
in the development of new tests and 
techniques m the area of clinical 
paediatnc chemistry. He/she will 
closely haue with the  Hospital's 
clinical staf and pertxipate in the 
training programme of clinical and 
laboratory staff. 

Applicants shouid hold a PhD 
degree in Biochemistry or its oqava: 
lent, previous experience ın clinical 
chemistry would be an advantage 
, Salary range $A21,049 to $A26,145 
per annum. 

Further 
fron Dr R X Oates, 
Medical Services 

Applications including the names 
of two referees should be add 
to the underxzgned as soon as powible 
J S Yu, General Superintendent 


928X(A) 


information om available 
Director of 


UNIVERSITY OF TORONTO 
Physiology / Biochemistry 
Appheations are invited for two 
research appointments in the general 
area of = gastrointestinal physiology, 


anaerobiasu and carbohydrate/protein 
intermediary metabolism 


(а) Profermonal Associate Appro- 
priate doctorate and doctoral 
experience requi Initial 
appointment up to $ years, re- 
newabie Salary scale floor 
$16,000 

(b) Postdoctoral Fellow  Two-your 


appointment Initial Salary in 
range $11,000 to $12,000 
Applications and the names of two 
referees to 
Profesor D Е Метак, 


Chairman, 

Department of Zoology, 

University of Toronto, 

Toronto, MSS 1A1, Canada 
9327(A) 


THAMES POLYTECHNIC 
SCHOOL OF 
BIOLOGICAL SCTENCES 


RESEARCH IN 


MICROBIAL GENETICS 


Applwations are invited from good 
honours graduates for the post of 
MRC research азлап! to Dr A 
Vivian to work on the genetica of 
Acinetobacter calcoocettcus. This pro- 
ject is funded by the Medical Research 
Council and the successful icant 
will be regrtered with the CNA A 


including 


particulars and form of 
application may be obtained from the 
Staffing Officer, Thames Polytechnic, 
Wellington Street, London SEI8 6PF. 
to whom completed applications should 
be returned by February 13, 1979 
938XA) 


RESEARCH ASSISTANT 
EQUINE REPRODUCTION 

Keen and bright young person’ 
required to join active research group 
studying endocrinological and m- 
munological aspects of reproduction in 
the hors Applicants should have a 
good BSc or AIMLS, 
HNC or mmllar technical qualifica- 
tions and laboratory experience 
Knowledge of зше culture, immu- 
nological, hormone asmay tathniques 
an advantage but not cssent!al 

Salary within the ARC  Sclentific 
Officer scale. (£2,839 to 24,415) 

Apply in writing to Dr W R Allen, 
Thoroughbred Breeders’ Association. 
Fertility Unit, Agricultural 
Research Council. Animal Research 
Station, 37 Huntingdon Road, 
Cambrnige СВЗ OJQ 9392(A) 


CITY OF LONDON 


POLYTECHNIC 
DEPARTMENT OF BIOLOGICAL 
SCIENCES 
MICROBIOLOGY 
TECHNICIAN (GRADE 4) 
An experienced technkeran ıs re- 
quired to provide a complete micro- 
teach and 
Tewearch. Applicants should bold the 
City and Guilds 735 Part II Certificate 

or an appropriate H.N C 
Salary Grade 4 ıs on soale £3,441 to 
£3,891 inclusive of London Weighting. 
Further details and а tion 


Secretary, 
Sciences, 
ЕІ 7NT. 9352(A) 


UNIVERSITY MUSEUM 
OXFORD 


CURATORIAL ASSISTAN 
(Mineralogy) 


It m proposed to appoint for 
penod of three ап Amant 
the Curator the Mineralogy 
Collections 

Sa will be on academic-rele 
scalo 384 to £4,466 per anm 
(under review), cording to апай 
tions and expenence, with members 
of USS 

The work wil include assustar 
with the design and execution 
exhibrts, the identification. of miners 
routine accesuon and curation 
minerals 

The successful candidate тз expect 
to hold a de ш goo and 
have some skills in mineral recog 
tion and/or museum display work. 

Applications, including  curricult 
унде and tho names a rosses 
two referecs, should bo received 1 
later than February 20, 1979, by 
Р B Atkins, niversity Museo 
Parks Road, Oxford OX! JPW, fr 
further :particulars may 

9454(A) 


S.R C. POSTDOCTORAL 


RESEARCH ASSOCIATE 
Appheatilons are invited for 


several 


apply, 
completed o LU gsm 


competent in di 
analysis The” department is w 
equipped, and relatod to the p 


есі m bemg carried out in the dope 
у аш th i Tange fa sen £4 
e to , 
appointment 


tenable for up to three years oo 
October 1979 А к 
including full curriculum a 


sent to Profesor D M Сиг 
Department of Zoology, The Univ 
from whe 










AGRICULTURAL BOTANY 


Applications are invited from 
graduates, preferably with post- 
uate ex ence, to continue a 

established programme of 


carried 
Breeding Station, 
aimed at the production o 
cultivars tolerant to grass 
herbicides The appointment 
be initially till September 30, 1 


Officer, Tho een's Untrersity of 
Belfast BT? INN, Northern lre- 
land Closing date February 26, 
1979 9424(A) 
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QUEEN ELIZABETH 
COLLEGE 
Kensington 

(University of London) 

LECTURESHIP IN 
FOOD SCIENCE 


lications are invited for the post 

urer in Food Science Appli- 
its wil be expected to have an 
»ropriate academic background, pre- 
ably with research experience in an 
‘a of Food Science The successful 
сап! will be required to teach 
ne unit courses in. Food Science to 
Werent yoars of the degree course 
1 to undertake research External 
itracts will be encouraged Indus 
u ог other relevant experience 
ald be an advantage and placing on 
a salary scalo will both 
iifkcations and e 
Salary scalo £3,909 to 
ium plus London 


Apply to 
een 


И Road, London W8 7AH, 
om further particulars and an appli- 
10n form may be obtained Closing 
1979 9418(A) 


псе 
£7,754 per 
allowance of 


5: Fobruary 28, 





AUSTRALIAN NATIONAL 
UNIVERSITY 
RESEARCH SCHOOL OF 
EARTH SCIENCES 


‘RESEARCH FELLOW IN 


“ELECTRON MICROSCOPY 


licanons for this post are in- 
from persons trained in electron 
xroecopy, whose background is in 
жї geology, physics or materials 
ance The successful appixant will 
expected to carry out research п 
ormation strictures or other defect 
uctures in minerals and rocks, and 
be generally responmbie for the 
OL 200Kv STEM electron micro- 
pe and its use in the rock defor- 
поп group headed by Dr M S 
tron There will be opportunity 
collaboration in research ргоюсіз 
experimental rock deformation at 
h temperatures or in other research 
"hin the School. Further detaus 
mt the Research School and the 
4 are obtainable from the Academic 
pstrar of the University 
"“\ppointment will be for three усап 
«he first instance with the possibility 
reappointment to five years Com- 
acing salary will be in accordance 
И qualifications and expemence 
‘hin the range $415,786 to $A20,606 
annum rrent exchange rates 
4 58р 505114 
Khis post was advertued earlier with 
slomng date of October 31, 1978 
wlications already received will be 
onaidered unless candidates indicate 


* they are no lon Interested 
ZLOSING DATE 9, 1979. 
"L[casonabie appointment expenses 


paid Superannuation benefits are 
Dlable for applicants who are 
able to contribute. Assistance with 
«ang :3 provided for an appointee 
m outside Canberra 
che Univermty reserve the right not 
make an appointment or to make 
appointment by invitation at any 
e 
ive applicants should obtain 

ther particulars from the Associ- 
эп of Commonwealth Universities 
xz), 36 Gordon Square, London 
ЧН ОРЕ 9433(A) 





IMPERIAL COLLEGE 
RESEARCH ASSISTANT 


'ostdoctoral Agricultural Scientist 
{wired for hey post in research team 
king on trace elements in soils in 


ation їо a ulture Applicant 
uld hold ian del in agriculture 
soil science а preferably have 


16 ехрепепсе of geology 
tarting salary according to age and 
erfence in the ‘range £4,359 to 
447 (including London Allowance) 
1USS 

lications to Dr 1 Thornton, 
ied. Geochemistry Group. Depart: 
t of Geology, "Ympersal College, 
don SW7 9435(A) 








Applications are invrted for the post of 
Statistician in the Central Medical Group of 
ICI Many of the non-medical skills which 
have become essental components of a 
modem occupational health sevice reside 
in this group The statistician will bring 
further expertise in statistical and 
computational methods and his/her 
training in logical analysis will enable 
him/her to make a contnbution to 


collaborative projects 


Duties will include the design, supervision 
and analysis of specific epidemiological 
studies and research into statistical and 
modelling techniques to clanfy the role of 


this work in industry 


The person appointed will have a degree in 
or with statistics, preferably wrth a 


tatistician 

statistics and two years practical 
experience 

The job is based in Wilmslow in Cheshire 
but will involve contact with people 
throughout ІСІ The starting salary, 
depending on expenence and 
qualifications, will be about E5600 The 


Company operates Profit Shanng, 
Productivity and contributory Pension 


schemes 

Wnte for an application form to 
S D Kemp, 
Personnel Officer, 
Head Office 
Services Department, 


РО Box 3, Fulshaw Hall, 
Wilmslow, Cheshire 
SK9 10B 


post-graduate qualrficaton in medical 


9405(A) 





UNIVERSITY OF 


STRATHCLYDE 
DEPARTMENT OF 
NATURAL PHILOSOPHY 


PROFESSOR OF 
EXPERIMENTAL PHYSICS 


Appheations are invited from 
appropriately — qualified and ex- 
perienced candidates for appoint- 
ment to the newly established 
Professorship m Experimenta! 
Physics which will involve a 


period of veers as Chairman of 


the Department of Natural Philos- 
ophy Applicants should have ex- 
mence in one or more areas of 
pennmental Physics and be 
capable of directing postgraduate 
teaching and research 
The post will be remunerated 
within the Professorial range for 
universities with USS  bencfits 
Application form amd further 
particulars (quoting 5/79) may be 
obtained from the Registrar, 
University of Strathclyde, Royal 
College Building, 24 TEC 
Street, Glasgow Gi —1XW, with 
whom applications must be lod 
by February 28, 1979 9395(A. 





CSIRO AUSTRALIA 


Research Scientist 


Division of Animal Health 
Glebe, NSW 


CSIRO has a broad charter for research into pnmary and 
secondary industry areas The Organization has approximately 
7,000 employees—2,300 of whom are research and professional 
scientists—located in Divisions and Sections throughout 
Australia 

Fleld: immunochemistry/Microbiological Chemistry 


General: The Division has a major programme on infection 
and immunity with а substantial interest in immunity at mucosal 
surfaces in relation to helminth parasites and microbial agents 
An immuno-chemist/microbiological chemist is now sought to 
work at the McMaster Laboratory in the above programme 


Dutles: To carry out research into aspects of immunity to 
gastro-entenc infections, especially collibacillogis Attention 








UNIVERSITY OF 
ST ANDREWS 


DEPARTMENT OF 
ANATOMY AND 
EXPERIMENTAL PATHOLOGY 


Applications are Invited for the 
post of Technician (Grade 4) in 
the above Department The suc- 
cessful applicant wil! take charge 
Miecting room and em- 
participate In the 
for display 
rtmental museum and 
preparation of 


of the 
balming sure, 
preparation of materia 
in the de 
ап! эп the 
teaching matenal 


Sale at appropriate point on 
scale £2,955 to £3,402 per annum 
(under review) Applications, with 
the names of two referees, should 
be sent to The Establishments 
Officer. The University. College 
Gate, St Andrews, Fife by Febru- 
9427(А 


агу 8 





could be directed initially to fractionation of E cod antigens and 
assaying for immunogenicity The appointee would be 
encouraged to collaborate with others in the orogramme 
Qualifications: A PhD degree in a relevant discipline, or 
equivalent qualifications, supported by satisfactory evidence of 
research ability and experience appropriate to the field of study 


Salary: Research Scientist or Senior Research Screntiat- 
$A16,422 to $A22,406 p a. An outstanding applicant may be 
considered for appointment at a higher level 

Tenure. Indefinite with Superannuation 


Applications IN DUPLICATE, stating full personal and 
professional details, the names and addresses of at least 
two professional referees, and QUOTING REFERENCE 
NUMBER 201/686, should reach — 

The Personnel Officer, Australian Screntific Liaison Office, 
Canberra House, 10-16 Maltravers Street, London WC2R 3EH, 
by 28th FEBRUARY, 1979 


Applications in USA and Canada should be sent to .— 
The Counsellor Scientific, Embassy of Australia, 
1601 Massachusetts Avenue, NW, Washington, D C , 20036, 
USA 9441(A) 
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Tropical Products Institute 
Culham, Oxon . 


Food Technologist 


. . . to Join the Non-Cereals Section of the 
Institute working on processing problems for a 


wide 
food tec 


of fruit and vegetables In addition the 
ologist will take an active 


part m the 
current work of the Section, which includes 


various projects in sugar and starch 


rocessing 


and the maintenance of formal and ad hoc heat 
preservation traming programmes. The Ѕеспоп 
has extensive facilities including a transportable 
cannery used for traming, varietal research and 
local preparation of bottled and canned samples 
for marketing trials in producing areas. There are 
opportunities to undertake overseas project work. 
didates, normally aged under 30, must have a 
degree or equivalent in an appropnate discipline. 
Practical experience of commercial food processing 
is highly desirable. Final Year Students may apply. 


Appointment as Higher Scientific Officer 
Officer 


то qualificauons апі experience. 


£5450) or Scienufic 


according 


4100- 
(£2840-£4410) 


Promotion prospects. Non-contributory pension 


scheme. 


For further details and an applicanon form (to be 
returned by 23 February 1979) wnte to Miss CA 
Hall, Tropical Products Institute, 127 Clerkenwell 
Road, London, ECIR 5DB. Please quote ref 


S4;96,7D. 


9422(A) 








THE SOUTH STAFFORDSHIRE WATERWORKS COMPANY 


SENIOR SCIENTIST 
Salary range: £5,133 to £6,084 including supplement 


A senior sctentist, male or female, 


1$ required to work at the 


Company's central laboratory, to be relocated from Lichfield to Walsall 


dunng 1979 


Duties cover all aspects of scientifc control of water quality assurance 
and include development of new analytical metbods 


А good honours degree ín chemistry is the minimum qualification 


required. 
emecotial. 


Industrial analytical 


experience is desrabic, 


though not 


Please write by March | to The Chief Engineer, The South Stafford- 


shire Waterworks Co, 50 


Sheepcote Street, Birmingham B16 BAR 


9397(A) 








MONASH UNIVERSITY 
DEPARTMENT OF 
PATHOLOGY AND 

IMMUNOLOGY 
JUNIOR RESEARCH 


FELLOW 


Junior Research Fellow with bio- 
physics qualifications or relevant ex- 
perience, to help operate a Becton- 
Dickinson FACS—11 for fluorescence 
cel sorting in immunological "and 
cancer research directed by Professor 
R. C Nairn Must be interested in 
flow cytometry and computer data 
analysis Position available immedi- 
ately Salary $A13,606 
per annum Travel and removal allow- 
ance Temporary housing essutance 
Applicants should quote reference No 
30865  Appbcations їп duplicate to 
the Academic Regntrar, Monash 
University, Wellington Road, Clayton, 
Victoria 3168, Australia, giving age, 
qualifications, experience and names 
and addresses of three referees 

9432(А) 


to $A15,190. 


THE KENNEDY INSTITUTE 
OF RHEUMATOLOGY 


A postdoctoral or postgraduate 
RESEARCH ASSISTANT 


is required in the Division of Bio- 
chemistry to be involved in projects 
using culture techniques to investigate 
the cellular mechanigms involved Їл 
the control, development and repair 
of connective tissue Candidates should 
have a keen aptitude for research and 
previous expenence of cell culture 
techniques The appointment ts funded 
by the Medical Research Council 
until November 1980 Salary £3,500 to 
£4,500 depending on age and qualh- 
fications 


Applications in wnrting giving full 
particulars of experience and quali- 
fications and two referees to The Gen- 
eral ; The Mathilda and 
Terence Kennedy Institute of Rheu- 

Bute 


matology, 
smith NS TDW. 


GUY'S HOSPITAL 


MEDICAL SCHOOL 
(University of London) 


POSTDOCTORAL 


RESEARCH ASSISTANT 
required to join a research group 
under Dr L  Mallucci in the 
Department of Microbiology in- 
vestigating the role of cell surface 
membrane components in call 


growth regulation and cell differen- 


Position avaiable to 
ber 1979 with the possibility 
of further renewal of grant 

in range £3,910 to £5,506 
plus £450 London Allowance and 
su uation. 

or further detalis telephone 


tation 





FELLOWSHIPS 





THE ROYAL SOCIETY 
THE BRITISH PETROLEUM 
COMPANY LIMITED 


SENIOR RESEARCH 
FELLOWSHIP 


Applications are invited by tho 
Council of-the Royal Society for The 
Royal Socíety — Bnitish Petroleum 
Company Limited Senior Research 
Fellowship, established by means of a 
five-year grant from the British. Petro- 
leum Company Limited for research 
in & subject fleld associated with the 
exploration, production and transport 
of fomil fuels and/or with the physical, 
chemical and mechanical properties of 
materiais used in these operations 
The Fellow will be expected to have 
an interest in the application of his 
research to practical problems The 
appointment will be tenable in any 
appropriate university department ог 
research Institution in the United 
by the Council of 
who 
must be cHizens of the United King- 
dom ог the Commonweslth, must 
supply the usual persons) details and 
give two referees Testimonials will 
not be considered The subpect of the 
proposed research, and where it would 

done, t ther with the name of 
the head of the depariment, whose 
consent should first be obtained, must 
be stated 

The appointment, which wili be 
subject to the Society's general regu- 
lations governing research appoint- 
ments, will be tenable for five years 
from October 1, 1979 (or another date 
to be arranged) Applicants should 
preferably be under 45 on October 1. 
1979 The stipend scale wil] be £8,031 
by £252 to £8,787 by £249 to £9,036 
per annum, and the point of entry will 
be determined by Council] Superan- 
nuation benefits will be provided 
Some provipon for research expenses 
will bo avaflable 

Applications should be inade оп 
forms to be obtained from the Execr- 
tive Secretary, The Royal Society, 6 
Cariton House Terrace, London SWIY 
SAG, and returned by March 31, 
1979 9364(E) 





POSTDOCTORAL 
FELLOWSHIP 


Available from Apml [, 1979 for a 
PhD Graduate ın biochemistry, 
virology, or related area interested in 
studying the structure and replication 
of mammallan and avan RNA 
viruses Applicants must have received 
the PhD degree no earher than 
Аргпі 1, 1978 Salary 18 $12,000 for 
the first year and $13,350 for the 
second. 

Send curriculum vitæ and references 
to Dr D Ө Scraba, Department of 
"uochemustry, Unrversity of Alberin. 
Edmonton, Alberta T6G 297, Canaua 

The University of Alberta із an 
equal opportunity employer 937B(E) 


THE ROYAL SOCIETY 


BRITISH GAS SENIOR 
RESEARCH FELLOWSHIP 


Invited by th 
Council of the Royal Society for Ti 
Royal Socwty—Bntuh Gas берь 
Fellowship for origin 
scieniific or technologca] research 
a field of mathematics, chomustr 
physics ог engineering — (includu 
metallurgy and materials science, flu 
mechanics, thormodynamxa, combi 
tion, beet transfer, biochemistry, ar 
computer acjence) related to the pr 
duction, tranmnrmaion ше ‹ 
natural раз аш! its substitutes, 
Candidates, who must be citizens + 
the United Kingdom or the Commo 
wealth, should supply the usual pe 
sonal details two = referee 
Testimonials will not be considere 
Candidates should state the subject + 


the proposed research and where 
will undertaken It ш ed th 
the successful candidato spend 


t proportion of hits or h 
time in direct collaboration with L 
dustry; evidence of existing contac 
would be helpful Applicants shou 
obtain and фус evidenco of conse 
from the head of department or oth 
authority in the university and/or i 
dustrial establuhments in which t 
research will be donc. 
The a mtment which wil] be su 
yect to Socioty’s general regulatio 
research apopintments, w 
tenable for five years from Octob 
1, 1979 (or another date to N 
arranged), and may exceptionally W 
renewable for a further two your 
owai 


pond 
£8,787 by £249 to £9,036 annur 
and the point of entry wil) be dete 
mined by Council Superanouatic 
benefits will be provided Some pr 
vinon for research expenses will > 
available 

Apphcations should be made + 
forma to be obtained from the Exec 
The Ro Societ 


later than March 31, 1979 





THE ROYAL SOCTETY 


SENIOR RESEARCH 
FELLOWSHIPS 


Appbheabons are invited by t 
Councul of the Royal Society for : 
to threc Royal Society Senior Rescan 
Fellowships for research in any scie 
tific subject, established by funds fro 
the Parliament Grantan-ald. Tr 
appointments wil be tenable in ar 
appropriate university department 
rexcarch Institution ш the Umt 
Kingdom approved by the Council 
the Royal Society Candidates, wh 
must be cituens of the United Kin 
dom or the Commonwealth, mv 
supply the usual personal details a» 
give two referees Testimonmls w 
not be considered The subject of ti 

posed research, and where it wou 
be: dane, together with the name 
the head the department. who 
consent should first be obtained, mu 
be stated 

Tho appointments, which will » 
subject to the Soclety's general reg 
lations governing research — appolr 
ments, will be tenable for five you 
from October 1, 1979 (or another бэ 
to be arranged) and may be renewat 
for a further two year Applicar 
should preferably bo under 45 : 
October 1, 1979 The present stipo 
scale m £8,031 by £252 to £8,787 
£249 to £9,036 per annum, and t 
point of entry will be determined | 
Council Superannuation benefits w 
be provided Some provision for т 
search expenses will be available 


tive 
Cariton Terrace, 
and returned by March 31, 
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FELLOWSHIPS continued 


RESEARCH FELLOWSHIPS 


Two postdoctoral Fellowships available for three years in 
the IC.R.F. Medical Oncology Unit, St Bartholomew's 
Hospital Salary range £4,882 to £6,080 plus £450 L.W. 


D A cytogeneticist is required to identify chromosomal 
abnormalities in non-Hodgkin’s lymphoma and leukaemia, and 
to relate these abnormalities to the class of tumour defined by 
pathological and immunologica! criteria. Experience of 
chromosome banding techniques m essential, and a background 
knowledge of immunology or cytochemistry desirable. , 


2) An immunologist ıs required to study the distribution 
of malignant lymphoma cells and their precursors in lymph 
node and bone marrow biopsies of patients with lymphoma. 
Experience in detection of surface antigens, preparation and 
puriflcation of antisera, or surface phenotyping techniques is 
considered essential. 


Applications with curriculum vitae and two referees to Staff 
Department, Imperial Cancer Research Fund, Lincoln’s Inn 
Fields, WC2. Closing date March 19, 1979. 9394(E) 


RESEARCH FELLOWSHIP 


Impenal Cancer Research Fund Laboratories, 
Mill Hill, NW7 


A postdoctoral Fellow is required to join a group working 
on the genetic and biochemical analysis of certain heat act 
vated loc: in Drosophila melanogaster, using cloned DNA 
fragments to investigate their organisation and expression. 
Experience in molecular biology desirable. 


Appointment will be for three years. Salary with entry 
according to qualifications and experience within range £5,332 
to £6,530. 


Further information from Dr Ish-Horowicz (01-959 3236). 
Applications with curriculum vitae and names of two referees 
should be sent to the Secretary, трепа! Cancer Research 
Fund, Lincoln’s Inn Fields WC2A 3PX by February 24, 1979 


LANCHESTER 
POLY TECHNIC 


Coventry Я | 
Department of Biological Sciences 


Postdoctoral 
Research Fellowship 


(Tenable for up to 3 years from March1, 1979) 
£4,101 - £6,668 

THE JOB The project is funded jointly by the SRC and 
ICI and involves the development of a method for the 

m vitro culture of perfused hepatocytes supported in a 
3-dimengional matrix and its application to toxicological 
studies 

REQUIRED Expenence in animal cel! culture and 
biochemistry Knowledge of cytological procedures would 
be an advantage 

For further information applicants may contact 
Dr Sturdee or Dr Crisp by telephoning Coventry 
(0203) 24166 


Faculty of Applied Science 


Research Assistant 
in Cardiac Pacing 


(Tenable for 1 year from March 1,1978) 
£3,192 - £3,330 

THE JOB A statispcal survey of patients with artificial 
cardiac pacemakers i$ required to attempt to identify those 
factors which cause a rise of stimulation threshold in 
certain patients The required collection of date will involve 
close collaboration with cardiac pacing cantres in а number 
of hospitals 

REQUIRED Applicants should have either an appropnate 
Honours Degree, or an appropriate HNC plus relevant 
experience 

For further information applicants may contact 

Dr. Economides or Dr Duckers by telephoning 
Coventry (0203) 24166 

For application forms and further particulars for 
the above posts please apply In writing enclosing 

a foolscap stamped and addressed envelope to the 
Personnel Officer, Lanchaster Polytechnic, Priory 
Street, Coventry CV1 БЕВ, applications returnable 
by February 19, 1979 9404 (Е) 


































UNIVERSITY OF 
ABERDEEN 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL RESEARCH 
FELLOWSHIP 
invited from 


LINCOLN COLLEGE 
(University College of 


Applicauions are 


UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF 
PHYSICS 


ESEARCH FELLOWSHIP IA 


Applioations are invited for a post- 
ctoral Research Fellow to юш the 
edical Applioations group п tho 
‘partment of Phymos, to work on 
fast-neutron 
stra ш (muc with a view to 
timising оог! боса for fast-neutron 
стару Previous  expenenoe with 
clear ' instrumentation, neutron 
ectroscopy, and/or computing 
mld be advan Thu post Н 
crores by the RC 

Dow is tenable for three years 
xn March i, 1979 Starting alay 
М be on the appro € point 
d Reecarch Fellow Grade IA scale, 
,B83 to £6,555, superannuation 
arting salary will not exceed £4,892 
Worther particulars аго  ava:lable 








9428(E) 


UNIVERSITY OF 
SOUTHAMPTON 
DEPARTMENT OF PHYSICS 


RESEARCH FELLOWSHIPS 
IN CRYOGENICS 


Applications are invited for post- 
doctoral fellowships to work on the 


following projects 
(1) Heat transfer їп the reboller/ 


teat section 
(2) Complex convective Пот in 
stratified cryogenic vapours and 
liquids using Laser Doppler 
Anemometry 
(3) Heat tranafer and йим behaviour 
of helium at 3,000 r p.m. for the 
development of large  super- 
conducting machines 
Applications should have experience 
in mechanical/chemical engineering or 
low temperature physics 
rab range up to £5.367 plus 
USS nefits 
Applications with names of two 
referees should be sent to Mrs E C 
P Sears, Staffing Section, The Uni- 


у, Highfield, Southampton 509 


reference по 


929E) 


H Please quote 
1607/R/Na. 





Agnculture) graduates in Ch or Physica to 
New Zealand abs with Dr J. ade acan aad Dr 

D McKean on га- pectro- 

POSTDOCTORAL scopy The successful applicant will 
FELLOWSHIP undertake research on а vanety of 


The Council of Lincoln College 
invites applications for a Post-Doctoral 
Fellowship tenable in the fields of 
Agecultural Microbiology (Ethanol 
Fermentation and/or Symbiotic Nitro- 
gen Fixation), Entomology (Post Man- 
agement), or Environmental Sciences 
(Regional Development) 

The object of the award is to con- 
tribute to the research programme at 
Lincoln College In addition to carry- 
ing out research, the successful ap- 
phcant will be expected to participate 
in limited teaching activities without 
further emolument 

The Fellowship will have a total 
value of NZ$10,000, part of which 
will be available for fares Tenure will 
be for one year !n the first instance, 
but may be extended at the discretion 
of Counoil. 

Conditions of appointment may be 
obtained from the Association of 
Commonwealth Universities (Appts ). 
36 Gordon Square, London WCIH 
OPF, or from the Registrar of the 
College 

Applications for this Fellowship 
close on April 38, 1979. 9421(E) 





topics usmg a computer controlled, 
high resolunon Fourier transform 
spectrome:er Previous interactive ex- 
perience, and an ability to develop 
electronic 
Maintenance is desirable 

The 13 funded by the Science 
Research Council and is available from 
Apni 1979 Appointment will be for 
one year in the first instance, with 
possible extension up to a maximum 
of three years 

Commexcing salary within Range 
IA, £3,883 to £4,382 per annum, with 
appropriate placing 

Further particulars from The Secre- 
tary, The University, Aberdeen, with 
whom applications о copies) should 
be lodged by February 23, 1979 

9375(E) 


POSTDOCTORAL 


FELLOWSHIP 


National Institutes of Health, USA 
To start any tune between August 
and November 1979 Individual trained 
in cell biology, genetics, and/or bio- 
chemistry, to work m laboratory of 
L [ете on eukaryote membranes 
Fellowship for non-US citizen, ner 
or up to four усап doctora 
Contact Dr Leive at . 4/116. 
Bethesda, Md 20014, USA 9457(E) 






Studentship to work in the Protein 
Section of the Моа! Research Institute. 


connective tissue components and an 


Personne] Officer, Agncultural Re- | Research Station, 
search Council, Moat Research Iost | Warwick CV35 SEF 
tute, Langford, Вгмо! B$18 7DY 


FELLOWSHIPS—continued 








EMBO 
European Molecular Biology Organization 


LONG TERM FELLOWSHIPS IN 
MOLECULAR BIOLOGY 


SPRING 1979 AWARDS 
Next deadline: February 20, 1979 


The long term fellowships will usually be for a period of up 
to one year but applications for a renewal for a second year 
are considered. To be eligible a candidate must hold a doctor's 
degree. Preference will be gi to European and Israeli appl- 

ts wishing to work wit Europe or Israel EMBO long 
term fell ips are not, however, awarded for ехсһап 
between laboratories within any one country. Applications for 
fellowships to be held outside Europe and Israel are considered 
but they have a lower pies as do applications from non- 
European scientists to work in Europe or Israel. 


The deadline for applications for the 60 fellowships to be 
awarded in April 1 is February 20, 1979. Because the 
selection procedure involves an interview this deadline should 
be respected. 


Application forms and further details may be obtained from 
Dr J. Toore, Executive Secretary, European Molecular Bio 
Organization, 69 Heidelberg 1, Postfach 102240, F.R. 
Germany. 9278(E) 





STUDENTSHIPS 





AGRICULTURAL 


‘RESEARCH COUNCIL NATIONAL 


commence in October, 1979. with 


9431(P) 


Strathclyde Regional Council—Department of Education 
GLASGOW COLLEGE OF TECHNOLOGY 
DEPARTMENT OF BIOLOGICAL SCIENCES 


S.R.C. Studentship in Biochemistry or related subject areas 
to work on the “sodium pump" in essential hypertension A 


first or upper second class honours degree is a prerequisite for 
the award, The post has to be filled by April 30, 1979. Write 
or phone for further particulars to Dr T. Duffy, Department 
of Biological Sciences, Glasgow College o Technology. 
Cowcaddens Road, Glasgow G4 OBA. Telephone 041-332 7090, 
Ext. 283 or 340 not later than February 12, 1979. 


E. MILLER Director of Education 
9425(F) 









SIEPEEABLE ARE. 
SEARCH AT 
STUDENTSHIP RESEARCH STUDENTSHIP Applica- 
Apphcatons are invited for а | tons arc invited for an Agncuitursi 
Research Council postgraduate Student- 
ship for research on the mode of action 
The project is to investigate the | of systemic fungicidos active inst 
turnover and remodelling of the con- Bremia lactucae tuce downy mildew) 
and variation for sensitiyny in the 
and devolopament fungus to these chemicals e work 
This consist of radioactive in- | will involve laboratory, glasshouse and 
corporation studies together with auto- field studies The studentship will be 
phy, the chemical analysis of | tenable from October i, 1979, for up 
to three years at the NVRS with a 
examination of the cellular mechan- view to reading for the degree of 
ums for resorption of tissue. PhD at Bt: 
The project i1 expected to form the | Candidates should hold or expect to 
basis for a Ph.D thesis in the Univer- | obtain in 1979 a first or upper second 
of Bristol and tho appointment | class Honours degree in Plant Science 
icular emphass on at least 
Candidates should posssss a Fır or | опа of the foliowing duciplines. plant 
Upper Second Class degree in Bio- | patbology. plant biochemistry, piant 
protection and genetics Further 
Further particulars of tho award riiculars and an application form 


University 
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GRASSLAND RESEARCH INSTITUTE 
Hurley, Maidenhead, Berkshire 


POSTGRADUATE STUDENTSHiP 


Applications are invited for the award of a postgraduate 
studentship funded by the Agricultural Research Council and 
tenable at the Grassland Research Institute for a period. of 
three years commencing on October 1, 1979, 


The Grassland Research Institute is an Associated Institution 
of the University of Reading, where the successful applicant 
will be regist for a higher degree. 


There is a choice of projects and candidates should indicate 
clearly for which project they are applying. 


Project 1 To identify the important factors influencing the 
economic assessment of dairy systems, including the effects 
of climate, soil and management. The study will involve the 
construction of a model to determine the response of the 
system to these factors with a view to improving output 
Candidates should have or expect to obtain a first or upper 
second class honours degree in a quantitative subject and 
have an interest in agriculture. 


Project 2 To investigate the effects of early season manage- 
ment and water availability on the nitrogen uptake anc 
seasonal pattern of pras growth The investigation will be 
field based and will include studies of tillering, herbage 
growth, nitrogen uptake and soil water. 


Candidates should have or expect to obtain a first or uppe! 
опа class honours degree in Agricultural Botany or Plani 
nce. 


The studentship comprises a tax-free maintenance allowance 
of £1,610 per annum plus compulsory fees and travelling 
expenses. 

Applications by Februa 


28, 1979. to the Secretary, from 
whom further details may 


obtained. 
9444(F) 


A.R.C. ANIMAL BREEDING 


RESEARCH ORGANISATION 
DEPARTMENT OF APPLIED GENETICS 


POSTGRADUATE RESEARCH STUDENTSHIP 


Applications are invited for ап ARC Rescarch Studeniship tenable и 
Edinburgh for three years from October 1979 

The project deals with the evaluation of foreign pig breeds, involvini 
statisiscal analysis of experimental data and theoretical study of methods 
The successful applicant will be expected to register for a higher degree 
A рды may an opportunity for additonal coursework in Anima 


Candidates should possem, or expect to obtain, а good honours degre 
in agricultural science, biology or statuilics, and have an interest и 
biometrical work 


Awards include a tax-free allowances, payment of fees and other ex 
penses Full details and application forms are available from the Secre 
tary, ARC Animal Breeding Research Organisation, West Main 
Road, Edinburgh EH9 310, Scotland Applications should be made b; 


March 3, 1979 9439(F) 
AGRICULTURAL GRANTS & SCHOLARSH 
RESEARCH COUNCIL 
INSTITUTE FOR RESEARCH POSTORADUA TE 


ON ANIMAL DISEASES DEPARTMENT OF BIOLOG 


POSTGRADUATE PRINCETON UNIVERSI 
STUDENTSHIP МІН postdoctoral traning | 
postions for recent Ph D's in 


Appheations are invited from | areas of biochemmal and ge 


suitably qualified candidates for 4 | aspects of cell differentiation (Di 
Studentship, funded by — Standard 
Telecommunications Laboratories in | cell bio 
conjunction with Hoechs Ltd, for Bonner, 


Chine, E Cox, A Newton, P Sct 
and development (D 
Cohen, M Steinberg 


work leading to a higher degree 

The objective of the research will 
be to develop new methods for preven- 
поп of diseases due to trace element 
deficiencies in cattle and sheep and 
this will involve measuring the absorp- 
tion, retention. and excretion of the 
copper and selenium in & number of 
compounds currently use for the 
control of deficiency states and invest!- 
gating the advantages and limitations 
of using the newly-developed con- 
trolled-relcase glasses 

Candidates should possess a Firm or 
Upper Second Clam degree in a bio- 
logical science ог c to obtain 
this qualification at the end of the 
academic your. 


Application forms from Secretary, 
Agricultural Research Council, Insti- 
tute for Research on Animal Diseases, 
Compton, Newbury, Berks. quoting 
referenca 304 9382P 


Witman), and behavioural and | 
lanon genetks (Drs J Endler 
Gould, R May, W Quinn) are i: 
able beginning summer, [979 A 
catons should include curie 
vitae and summary of researct 
terest 4 
Closing date April 2.- 1979 
силез or applications should be 
to Dr Е С Cox, Chairman, Di 
ment of ux Princeton. Unive 
Princeton, N.J 08540 
Paci ies попе u ar 1 
tunity anve cuon 
ployer 9388: 


THE NATIONAL KIDNEY 
SEARCH FUND invites applica 
for grants for renal research at 
within the United. Kingdom Ap 
поп farms are available from 
Secretary, 184B Station Road, На 
Middlesex HAT 2RH юзе 
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CONFERENCES 


GORDON RESEARCH CONFERENCES 
“Frontiers of Science" 
1979 SCHEDULE - NEW HAMPSHIRE 








June 11-15 


June 18-22 
June 25-29 
July 2-6 
July 9-13 


July 16-20 

July 23-27 

July 30-August 3 
August 6-10 


August 13-17 
August 20-24 


Colby-Sawyer College 
New London. NH 


*Elastin 

Nuclear Chemistry 
Catalysis 

Fiber Science 
Polymers 
Elastomers 
Corrosion 

Food and Nutrition 


Medicinal Chemistry 


Separation and Purification 
Cancer 


New Hampton School 
New Hampton, NH 


Nucleic Acids 


Environmental Sciences: Air 
Proteins 
Bacterial Cell Surfaces 


Heterocyclic Compounds, 
Chemistry of 


Organic Reactions and 
Processes 


Natural Products 


Statistics in Chemistry and 
Chemical Engineering 


Inorganic Chemistry 


Analytical Chemistry 
Adhesion, Science of 





Proctor Academy 
Andover, NH 


Holderness School 
Plymouth, NH 








dune 11-15 


June 18-22 
June 25-29 


July 2-6 
July 9-13 


July 16-20 


July 23-27 
July 30-August 3 


August 6-10 
August 13-17 


August 20-24 


CALIFORNIA 


Miramar Hotel, Santa Barbara 


Free Radical Reactions 


Plant Cell and Tissue Culture 
Polyamines 


Cell Contact and Movement 
Physical Metallurgy 


Energy Coupling Mechanisms 


Organic Photochemistry 
Developmenta! Biology 


Coatings and Films, Chemistry 
and Physics of 


Catecholamines 


Elementary Particle 
Interactions 


Physical Organic Chemistry 
(Hydrocarbon Chemistry) 


Mammary Gland Biology 


Biological Regulatory 
Mechanisms 

* Analytical Pyrolysis 

Solids, Chemistry and 

Physics of 

Chemotherapy of Experimental 
and Clinical Cancer 


Drug Metabolism 


Fertilization and the Activation 
of Development 


Postharvest Physiology 


Liquids, Chemistry and 
Physics of 
inorganic Geochemistry 





Kimball Union Academy 
Meriden, NH 


Cyclic Nucleotides 


Lipid Metabolism 
Atherosclerosis 
Interfaces, Chemistry at 


Bones and Teeth. Chemistry, 
Physiology and Structure of 
Enzymes, Coenzymes and 
Metabolic Pathways 

Point and Line Defects in 
Semiconductors 


Toxicology and Safety 
Evaluations 


Glycoproteins and Glycolipids 


Fluids in Permeable Media 
Ion Exchange 


Brewster Academy 
Wolfeboro, NH 


Tilton School 
Tilton, NH 





Theoretical Biotogy and 
Biomathematies 


Animal Cells aad Viruses 
Carbohydrates. Chemistry of 
Polymer Colloiis 

Nuclear Structure Physics 


Biomaterials, Science and 
Technology of 
*Food Microbinlogy 





Muscle, Готе Channels, and 
Other Excitable Membranes 


*Epithelial Differentiation and 
Keratinization 


Laser Interaction with Matter 


Transport Phesomena in Lipid 
Bilayer and Biological Membranes 
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Plymouth, NH 





Space Plasma Physics 


Magnetic Resonance 
Atomic Physics 


Nonlinear Optics & Lasars 
Molecular Pathology 


Macromolecules and Behavior 


Microbiological Degradation 
Ceramics, Solid State 
Studies in 


Micellar and Macromolecular 
Catalysis 

Few Body Problems in 
Chemistry and Physics 
Molten Saits and Metals 


*NEW CONFERENCES—1979 


Analytical Pyrolysis 
Dynamics of Gas-Surface Interactions 


Elastin 


Epithelial Differentiation 


and Keratinization 


Food Microbiology 


Iron Containing Polymers 


Red Cells 


from Space 





*Red Cells 


Calcium Phosphates 
Molecular Pharmacology 


Fuel Science 


Quantum Solids and Fluids, 
Dynamics of 


Quantitative Structure Analysis 


Tumor immunology 
*fon Containing Polymers 


Magnesium ir Biochemical 
Processes and Medicine 
*Dynamics of Gas-Surface 
Interactions 

*Remote Sensing of the Earth's 
Surface from Space 


Remote Sensing of the Earth's Surface 


FIXED CONFERENCE FEES— 1979 


New Hampshire 


*Resident Fee: 


June 25-29 Marine Natural Products 


Programme. 


The complete programme for 
Gordon Research Conferences will be published in Science, 
March 9, 1979. Reprints will be available on request. 


*Non-resident Fee: 


the 1979 


Requests for applications to the Conferences, or for 
additional information, should be sent to: 


Dr Alexander M. Cruickshank, Director 
Gordon Research Conferences 

Pastore Chemical Laboratory 

University of Rhode Island 

Kingston, RI 02881, USA 

Tel: 401-783-401 1/3372 


eee 


*Resident Fee: 


Guest: 
Deposit: 


$185 includes $50 registration fee, room 


and meals. 


meals. 


$150 includes $50 registration fee and 


Guest: $135 for room, meals. 
Deposit: $30 is required for all participants and 
guests. 
California 


$200 includes $50 registration fee, room 


and meals. 


guests. 


$150 for room, meals. 
$30 is required of all participants and 


*Fixed fees cannot be prorated or reduced. 
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SYMPOSIA 


THIS TENTH ANNUAL 
INTERNATIONAL SYMPOSIUM 


will deal with the control of national food quality, chemical, 
metabolic and microbiological aspects, health foods, additives 


and contaminants, healthy 


eating, 


special processing and 


packaging aspects, food and the brain and infant nutrition. 
Speakers will include experts from the U.K., U.S.A., Holland, 


Germany, Italy, Switzerland and Poland. The keynote lecture, 
"Food and Health from Conception to Extreme Old Age", will 
be given by Dr Elsie M. Widdowson. 

Programmes containing application forms are available from: 


The Secretary 


National College of Food Technology 
(University of Reading) 
St. George's Avenue 


Weybridge, Surrey 


9453(M) 





COURSES 





INSTITUTES OF 
PSYCHIATRY, NEUROLOGY 
AND OPHTHALMOLOGY 
(British Postgraduate Medical 
Federation, 
University of London) 
POSTGRADUATE COURSE 
IN NEUROCHEMISTRY 
This is a ONE-YEAR Course lead- 
ing to the degree of M.Sc. in Neuro- 
chemistry. it offers graduates in 
science and medicine training in basic 
and applied neurochemistry. The 
Course consists of lectures. seminars 
and laboratory work and, in the 
second and third terms, research on 

à neurochemical topic. 

Applicants should have an honours 
degree in Biochemistry or a Biological 
subject with some Biochemical com- 
sonent, or he Medically qualified. The 





Course is recognised by the Medical 
Research Council as ап Advanced 

urse for the award of Training 
Scholarships to suitably qualified 
applicants. 

Application for the Academic year 
October. 1979 to July 1980 should be 
addressed to the Secretary, Course in 
Neurochemistry, Department of Bio- 
chemistry, Institute of Psychiatry, De 
Crespigny Park, Denmark ні. 
London SES 8AF, England. 94400) 


BRITISH COUNCIL 
COURSE 

THE LYMPHOCYTE 

2-14 December 1979 
The aim of this course is to 
familiarise participants with the 
latest advances in Britain in the 
immunology of the lymphocyre and 
to update their knowledge of 
current concepts of the role of the 
lymphocyte in adaptive immuno- 
logical processes, Lectures, dis- 
cussion periods, demonstrations and 
some practical work will highlight 
central developments such as the 
role of the major histocompatibility 
complex and recent technological 
advances, 

The Directors of Studies will be 
Professor 1. M. Кош and Dr P. M. 
Lydyard of the Middlesex Hospital 
Medical School, London, where the 
course will he based. 

Members of this course will be 
postgraduates, mainly working out- 
side Britain, who are laboratory 
investigators or clinicians with 2-3 
years experience in immunology or 
allied fields. 

Fee: including 
£475. 

Application forms, which should 
he in London by July 1, 1979, are 
available from your local British 
Council Representative or from 
The Director, Courses Department., 
The British Council, óf Davies 
Street. London WHY ZAA., Great 
Britain. 945803 


demi pension, 
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EMBO COURSE 
ULTRACRYOMICROTOMY 
An advanced practical course on 

ultracryomicrotomy will be held at 

EMBL Heidelberg from May 2-4, 1979. 

Instructors will include Dr К. 

Tokuyasu, UCLA San Diego. Parti- 

cipants will be limited to a maximum 

of 10 and preference will be given to 
those having some experience with 
the technique. Limited funds will be 
available to cover travel expenses in 
some cases. Applicants should write 
before March 1. giving details of 
relevant interests to Dr G. Griffiths. 
EMBL. Postfach 10.2209 69 Heidel- 
berg, Fed. Rep. Germany. 
94300) 





UNIVERSITY OF 
CAMBRIDGE 
DEPARTMENT OF 
METALLURGY AND 
MATERIALS SCIENCE 


ONE YEAR M.PHIL. 
COURSE IN 
MATERIALS TECHNOLOGY 


The University has introduced a 
new degree, the Master of Philosophy 
in Materials Technology. The course 
aims to give training in the Materials 
research techniques and technology 
most relevant to the needs of develop- 








ment laboratories and industrial con- 
cerns. 
Each student will undergo training 


in collaboration with a particular 
industrial firm. The lecture programme 
will be tailored to individual needs and 
the student will undertake a research 
project chosen for its direct relevance 
to the collaborating concern. Applica- 
tions are invited from persons who 
possess or expect to get a good honours 
degree in subjects such as Metallurgy, 
Materials Science. Engineering 
Physics and Chemistry 

The course has been accepted as 
qualifying for the award of S.R.C. 
Advanced course Studentship. Appli- 
cations and enquiries should be sent 
to the Course Convenor. Dr B. Ralph. 
Department of Metalluriy and 
Materíals Science, University of 
Cambridge, Pembroke Street. Cam- 
bridge. 93800) 


ELECTRICAL DISCHARGES 
IN IGNITION AND 
COMBUSTION 


A Post Experience Course will be 
held at Imperial Hege from May ! 
fo 3, 1979. Details fram Dr M. D. 
Carabine, Chem. Eng. and Chem. 
Tech.. Imperial College, London SW? 
2BY. Tet 01-589 5111. Ext, 1906 

9434(D) 
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the GN5 Integrating Microdensitometer is a real discovery," 
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Erratum 
In the article ‘measurements of general relativistic effects in the 


binary pulsar PSR1913 + 16 by J. H. Taylor ег al. on page 437, Fig. 3 
is shown incorrectly above the legend to Fig 2 and vice versa. 





iv Nature 8 February 1979 


































14C-Protein Molecular 
Weight Markers 


Labelled proteins of known molecular weight for 
use as markers in gel electrophoresis are available 


[^C]Methylated 
E from TRC NOW. 
proteins ['^C]Methylated 


Lysozyme (MW 14,300) code CFA.605 
Carbonic anhydrase (MW 30,000) code CFA.622 
Ovalbumin (MW 46,000) code CFA.623 


Bovine serum albumin (MW 69,000) code CFA.621 

Phosphorylase-b (MW 92,500) code CFA.609 
*Specific activity 3-30 uCi/mg of protein 

Also available 

['^C]Methylated protein mixture code CFA.624 
*Contains equal portions of each marker 
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Populism ... elitism...or a middle way? 


Tue newly ‘formed Science, Technology and Society 
Association started life with a suitably large splash last 
week in London by having Mr Tony Benn, UK Secretary 
of State for Energy and the association’s president, talk 
on the democratic control of science and technology. The 
association has emerged from the SISCON (Science in a 
Social Context) project which, over the past few years, 
has brought together various groups in higher education 
in Britain interested in the broader issues of science. The 
plan now is to reach beyond the academic world and not 
just into other areas of education. Its first newsletter 
speaks of hoping to draw members from industrial 
managers, trade unionists, politicians, members of the 
public “to confront scientists with the implications of their 
researches", teachers and journalists. An unfortunate omis- 
sion is mention of those very scientists and technologists 
whose work raises so many issues. And at the first meeting 


there was also a sad lack of those same scientists and tech- . 


nologists, 


Mr Benn’s not entirely unpredictable line was that the 


questions raised by developments in science and technology 
were too important to be the subject of closed discussion 
amongst an elite. He drew two examples, from the military 
world and the field of nuclear power. The disciplined hier- 
archy of the military, comparable with monastic orders, 
could have all sorts of influences of which the public were 
totally unaware; enormous expenditures in what was now a 
highly technological defence force were essentially -secret. 
Again, nuclear power, regardless of the merits of those who 
have devoted their careers to-it, raises the some problems of 
democratic control and tightfistedness over the flow of 
information. Mr Benn plans to postpone a decision on the 
commercial fast-breeder reactor for as long as possible, not 
because of doubts on the technological side but because, he 
claims, he is as yet not satisfled that the democratic 
machinery exists to bring out all relevant information. 

. One of the prices of, high technológy and high living 
standards, he pointed. out, is a greater vulnerability of 
society to industrial disputes, technological and natural 
disasters and war. And аз а consequence civil liberties can 
be eroded—we might find ourselves backing into a police 
state by means of high technology, and abandoning our 
values. We cannot, declared Mr Benn, discuss technology 
in isolation from the much neglected subject of societal 
values. And if we do not safeguard these values with 


democratic institutions we are in danger of trading liberties , 


for colour television sets. 


Mr Benn, of course, has great faith in the ballot box, 
in parliament and in fully informed ministers (not as 
managers so much as members of the public elected as it 
were to the board of directors) If the public, through elec- 
tions, can have a voice in the country's social and economic 
policy, why not also in policy for science and technology? 

It is possible to go a long way with Mr Benn's thinking 
on accountability, and yet to find the ballot box too facile 
a symbol of that accountability. As he himself admits, some 
do not vote for the government they believe to be most 
suitable but (for example) for the candidate who is for or 
against fluoridation. In all the complexity of motives for 
voting, and in all the manoeuvring a government does to 
try and ensure that it is re-elected, what hope that a stable 
policy for science and technology be central to anyone's 
thoughts? Yet without stability and rational policies, 
scientists and technologists who, more than almost any 
other sector of the community, can move in international 
circles will simply get up and go where the climate is more 
settled. And the idea of complex developments with neces- 
sarily vast ranges of uncertainty becoming an area of popu- 
list concern is bound to strike terror in the hearts of those 
patiently and quietly trying to accumulate the relevant 
knowledge 

But whilst we ought to be wary of a sort of free-ranging 
democracy which is alien to science itself, if the obverse is 
a return to monastic secrecy, that too must be resisted. 
Certainly scientists and technologists are a very different 
breed from politicians, and distrust is to be found on both 
sides of the fence. But somehow we as scientists have to 
raise our deplorably low political awareness just as we have 
to hope that more than a handful of politiclans like Mr 
Benn will find they can move freely and happily within 
the world of science and technology. Here the Science, 


, Technology and Society Association should have a major 


role to play. One of its objectives should be to incorporate 


` into the educational system more courses which will make 
.potential scientists and technologists think about public 


issues. At present it is too easy to become fully qualified 
without such a training If this were to make for wiser, 
more mature judgement by us, the. practitioners, and if at 
the same time an increased number of politicians were able 
to appreciate the issues in more than terms of short term 
gain, then sclence and -technology policy, founded on 
rational dialogue, would benefit immeasurably. And that, 
presumably, is what Mr Benn would wish m 
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Doctors claim A-bomb tests linked 
to rise in child leukaemia deaths 


David Dickson reports on a statistical survey in Southern Utah 


RESEARCH workers at the University of 
Utah claim to have discovered a two- 
and-a-half fold increase in the leu- 
kaemia death rate among children 
exposed to fall-out from atomic bomb 
tests carried out in the Nevada desert 
in the 1950s. 

In one of the first systematic studies 
of civilians exposed to fall-out from the 
tests, the research workers have found 
a particularly large increase in the 
number of leukaemia deaths in chil- 
dren born around 1951—the beginning 
of the testing period—and that leu- 
kaemia death rates returned to their 
previous levels after the testing was 
stopped in the early 1960s. 

The results of the study have already 
been passed to federal officials in 
Washington in a series of meetings last 
month, but have not yet been pub- 
lished. And although the research 
workers are cautious about interpreting 
a correlation as indicating a causal 
relationship the results of the study 
will provide a major boost to over 100 
cancer patients and relatives of those 
who have died from cancer in areas 
surrounding the test site, who are cur- 
rently suing the US government for a 
total of $232 million in damages. 

“ This is the bombshell that is going 
te establish beyond doubt that these 
claims are on solid ground," Mr 
Stewart Udalla, a former Secretary of 
the Interior, who is now in private law 
practice and is pressing the case against 
the government, said last week. 

Residents of Southern Utah have for 
years suspected that an apparently 
abnormal level in the number of 
cancers in the area was linked to fall- 
out from the A-bomb tests. The two 
towns of Parowan and Paragonah, for 
example, with a combined population 
of 1,800, experienced four cases of leu- 
kaemia from 1956 to 1967, two to 
three times the expected rate. 

So far, however, evidence has re- 
mained sketchy and largely anecdotal, 
with insufficient data to establish any 
significant correlation. Two weeks ago, 
for example, it was learned that a study 
carried out in 1965 by a scientist with 
the US Public Health Service’s Divi- 
sion of Radiological Health, who 
claimed to have shown an excessive 
level of leukaemia among residents of 
two Utah counties exposed to fall-out, 
was ignored and subsequently for- 
gotten. 

Interest in a possible correlation be- 
tween the tests and civilian deaths was 
revived last year, when evidence was 
presented to а congressional sub- 
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committee that an excessive incidence 
of leukaemia had occurred among 
soldiers who took part in exercises 
while the tests were underway (a claim 
which has recently been substantiated 
by the Center for Disease Control). 

Such evidence prompted the Uni- 
versity of Utah's research team, headed 
by Dr Joseph L. Lyon, of the Depart- 
ment of Family and Community Medi- 
cine in the College of Medicine, to 
carry out a detailed study of child 
deaths in the state between 1944 and 
1975. The results of their study are 
about to be published in The New 
England Journal of Medicine. 

Dr Lyon and his colleagues focused 
their attention on children under 15 
who died in 17 counties in the south 
of the state, which experienced rela- 
tively high fall-out from 26 tests 
between 1951 and 1958. Radioactive 
debris from the tests was carried east- 
wards by the wind from the Nevada 
test site into Utah. 

The children were divided into two 
groups for comparison: a "high expo- 
sure" group, who died 1951—58; and a 
“low exposure" group who died before 
1951 or were born after 1958. 

Analysis of the death certificates 
showed the leukaemia mortality rate 
among children in the low exposure 
group in these counties to be about 
half that in the remainder of the state, 
and indeed the rest of the US—a fact 
which is unexplained, but may be re- 
lated to the ascetic life-style of the 
Mormon communities which  pre- 
dominate in the area. 

In the high exposure group, how- 
ever, although leukaemia mortality 
started off equally low, it climbed 
through the 1950s to reach a peak 
slightly higher than the US average in 
the early 1960s, subsequently falling 
back towards its previous level This 
group did not reveal any excess for 
other childhood cancers. 

The greatest excess in leukaemia 
deaths occurred in the 10-14 age 
group, where the number of deaths 
rose from between one and two per 
100,000 to almost 10 per 100,000 
around 1961— implying a particularly 
high incidence of leukaemia among 
those born towards the beginning of 
the testing period, with the disease 
causing death 10 to 14 years later. 

The research workers found that 
there was a slightly lesser elevation in 
the 5-9 age group—those who were 
born around 1956—and little excess 
among the 0-4 age group. Furthermore 
the standard mortality ratio for the 
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Nevada bomb test, 1952, watched by US 
marines 


two groups for the whole age range 
was slightly higher for boys than for 
girls. 

Even the children who lived in coun- 
ties which had not experienced the 
high fall-out rates showed a slight in- 
crease in leukaemia mortality. But 
over half the excess deaths (16 out of 
30) occurred .in those counties which 
had been subject to the heaviest fall- 
out, even though these containd only 
10% of the population. 

Dr Lyon and his colleagues are being 
cautious about their results. They do 
not claim to have demonstrated that 
the excess leukaemia deaths were in 
fact due to the bomb tests, merely that 
there is a statistical correlation between 
the two. Their evidence is already being 
studied by other statisticians. 

However, enough data has been pro- 
duced by the study to convince others 
that when the Atomic Energy Com- 
mission told Utah residents in the early 
1950s that the fall-out they were re- 
ceiving was, to quote public statements, 
“far from hazardous" and presented 
"no danger" it was being grossly mis- 
leading—even admitting that the state- 
ments may have reflected the state of 
knowledge at the time. 

Prompted by results such as those 
contained in the new study, President 
Carter has directed Mr Joseph Cali- 
fano, Secretary of the Department of 
Health, Education and Welfare, to re- 
evaluate the findings of all earlier stud- 
ies of the incidence of leukaemia in 
Utah, particularly in the south-west. 

DHEW is expected to name the 
University of Utah researchers as the 
principal investigator in а major 
follow-up study. But whatever emerges, 
it may be too late to prevent what 
Mr Udall has called the "terrible 
tragedy" that took place 20 years е 


© Macmillan Journals Ltd 1979 


Nature Vol. 277 8 February 1979 


421 


Budget cuts cause upheavals in earthquake research 


David Dickson describes how a sociologist's misbehaviour 
has led to a major gap in efforts to restrict the damage caused 


by earthquakes 


Two YEARS ago, Los Angeles City 
Council member Howard Jarvis—later 
to achieve fame as author of Cali- 
fornia's tax-cutting Proposition 13—led 
a successful campaign on behalf of the 
citys apartment owners to prevent 
signs being posted on private buildings 
liable to collapse during an earthquake. 
Some months later, sociologists found 
in a survey that over 90% of the 
inhabitants of the city, where more 
than 20,000 buildings are considered to 
be inadequately protected against 
earthquakes, thought that the posting 
of such signs would be a good idea. 

Profesor Ralph Turner of the 
University of California in Los 
Angeles, who heads the research team 
which conducted the survey as part of 
a wider project, claims that if the 
results had been known previously, the 
city council might have acted dif- 
ferently, and that they illustrate the 
type of role that the social sciences 
could play in mitigating the damage 
caused by earthquakes. 

Yet, as the result of congressional 
actions last summer, National Science 
Foundation funds for social science 
research in this area have been 
savagely cut back. The foundation has 
been forced to reject all proposals for 
new projects so that existing ones can 
be completed. And even in the next 
fiscal year, funds for such policy 
research, according to the budget 
request now being submitted to 
Congress, will only be one-fifth of the 
amount originally requested for 1979. 

Two years ago, the picture looked 
very different. With growing concern 
about a (supposedly) imminent earth- 
quake in California, President Ford 
requested in his last budget proposal 
that spending on earthquake hazard 
reduction programmes at the NSF be 

— tas D EA o ын 





&, 


0028-0836/79/0277—0421 $01.00 


After an earthquake: devastation on the sidewalk of a southern California town. 


increased from $12 million in 1977 to 
$32 million in 1979 (with an even larger 
increase at the US geological survey). 
Last year President Carter responded 
to legislation passed by Congress by 
setting out a national earthquakes 
hazards reduction programme. This 
stated that earthquakes posed "perhaps 
the greatest single-event natural hazards 
faced by the nation" (estimates put the 
property at risk at $2,300,000 million), 
and assigned the NSF to carry out 
basic and applied research on earth- 
quake engineering and policy. 

Then along came Senator William 
Proxmire. During hearings on the NSF 
budget, it emerged that a professor of 
sociology at the university of Colorado, 
Dr J. Eugene Haas, who had received 
NSF contracts for more than $500,000 
to carry out research into the socio- 
economic and political consequences of 
earthquake prediction, had used the 
money for, among other things, taking 
his girl friend on a trip to Honolulu, 
Tokyo and Hong Kong. 

Congress is seldom kind to social 
scientists, and this misbehaviour, for 
which Professor Haas was subsequently 
dismised from the university, was 
sufficient for the House Appropriations 
Committee to reduce the  NSF's 
request for earthquake hazard research 
from $26.4 million to $17.4 million. 
Within this total, the amount to be 
allocated to social science policy re- 
search was reduced from $4.8 million to 
$800,000, the remainder being divided 
between siting and engineering design 
studies. 

NSF officials were accused by the 
appropriations committee of mis- 
managing the funds awarded to Pro- 
fessor Haas. They were also stung by 
the claim that similar work was being 
since 
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they say these agencies turn to the 
foundation for their research support. 
Nevertheless the result has been that 
the NSF has had to reject all new 
proposals for research on the policy 
aspects of earthquake mitigation. 

These projects involved assessing the 
reaction on social and political in- 
stitutions of information about earth- 
quakes, as well as of the earthquakes 
themselves. “It is not just a question of 
needing more research. This is a 
subject that has never been adequately 
developed because there has never 
been a long-term commitment to 
provide support”, Dr Robert Olsen, a 
social scientist of the Seismic Safety 
Commission in Sacramento, California, 
who has chaired a panel on the 
potential contribution of the social 
sciences, said last week. 

“Many of our problems in reducing 
earthquake damage relate to legal and 
institutional considerations that affect 
the use of technical knowledge and 
its translation into public policy. The 
budget reductions mean that the lack 
of sufficient high quality people willing 
to undertake such projects is likely to 
remain.” 

Dr Olsen’s brother, and associate 
professor in political science at the 
University of Redlands outside Los 
Angeles, is one of those who have 
proposed a major study to the NSF for 
which he has been told there is no 
money. The project would involve a 
two-year investigation in the San 
Bernardino area of how seismic safety 
issues are perceived by decision makers. 
“We shall be putting the proposal in 
again, and if it flies, it flies, Otherwise 
this is the last shot. Personally, the 
lack of money is driving me back into 
more traditional areas of social 
science." 

Some feel that, despite the tough 
budget year, the NSF could be more 
aggressive in its approach to Congress. 
At present the foundation is requesting 
a level of funding for 1980 little higher 
than that to which it was reduced in 
the current year. “We will do what we 
can to get this raised, but it would have 
been easier if they had asked for a 
little more”, the aide to one Californian 
congressman said last week. 

Others feel it may take a major 
earthquake before research money 
starts flowing in. According to Dr Carl 
Kisslinger, president of the American 
Geophysical Union, the mayor of 
Pinotep Nacional in Mexico has 
claimed that public reaction to an 
earthquake forecast by US scientists 
did more damage to the economy of 
his town than the 7.5 magnitude shock 
that hit the area last August. О 
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US scientists want 40°/, cut in defence spending 


A GROUP of six scientists and military 
analysts has produced an "alternative 
military policy" for the United States 
which, it says, would buy a "better and 
safer defence" at only 60% of the 
cost of the present policy. 

The Boston study group outlines 
its new strategy to reduce military 


spending in а 350-page book. The 
Price’ of Defense, which is being 
published shortly after President 


Carter has sent Congress a budget 
request for 1980 for a 3°% real increase 
in defence spending. 

The group says that the study is 
meant to “stimulate broad and serious 
debate of overall American military 
needs and foreign policy"—a debate 
which it claims has not taken place in 
the United States for many years. 

Speaking at a press conference last 
week, Dr Martin Moore-Ede, professor 
of physiology at Harvard University, 
explained that the Boston group's 
proposed reduction of 40%—or $50 
billion a year—in American defence 
expenditure would cut out "inertia, 
obsolescence and temptation: the 
inertia accounts for the entrenchment 


of high military budgets during peace- 
time, the obsolescence we cut are the 
easily-targeted, expensive and vulner- 
able remnants of the technological 
past, and the temptation we remove is 
the excess weaponry and forces that 
this nation possesses." 

More specifically, the study re- 
commends eliminating all of the United 
States’ one thousand land-based inter- 
continental ballistic missiles over five 
years, although it concedes that a 
hundred of the latest Minuteman HI 
ICBMs might be retained longer “as 
a hedge." All strategic nuclear bombers 
would also be retired, perhaps over 
eight years, on the grounds that they 
are “vulnerable, expensive апа 
obsolete.” 

The Boston group argues that the 
retention of 31 Poseidon submarines, 
each carrying a maximum of 16 
missiles, would leave the US with a 
virtually invulnerable nuclear deterrent 
sufficient to “wreck every Soviet and 
allied city and industrial district, plus 
many extra military targets’. It sees 
no need for the new series of Trident 
submarines, the first two of which are 


under construction, and proposes can- 
celling them. 


The Department of Defense’s re- 
search and development activities 
would be severely pruned. The 


Pentagon would be left with only $100 
million a year to spend on basic 
research: the group proposes їо 
transfer the remaining $300 million to 
a new national technology foundation 
to "stimulate R & D іп areas of ex- 
pensive high technology where private 
industry is not yet willing to undertake 
the work". Applied research and 
development would be cut by two 
thirds. 

The Boston group analysed the 
social effects of transferring $50 billion 
from the military to the civilian sector 
of the economy, and estimates that the 
net effect would be a gain of two 
million jobs “because defense dollars 
create far fewer jobs than monies spent 
in other sectors of the economy." 


Clive Cookson 





The Price of Defense. Times Books, New 
York, at $15.00. Clive Cookson is with 
The Times Higher Education Supplement. 


UNCSTD meeting split on transfer of technology 


Despite considerable opposition, the 
transfer of technology to developing 
countries will occupy a prominent, if 
controversial, position on the agenda 
of the United Nations Conference on 
Science and Technology for Develop- 
ment, in Vienna next August. 

This emerged from the third meeting 
of UNCSTD’s preparatory committee, 
which ended in New York on Monday, 
and at which delegates from a number 
of developed countries—in particular 
the United Kingdom, the US and West 
Germany—had argued that the issues 
involved were already being adequately 
debated in other forums. 

In an address to the meeting, for 
example the British delegate, Dr 
Dennis Osborne said that attempts to 
duplicate negotiations on a code of 
conduct for the transfer of technology 
already underway elsewhere in the UN 
system “would lead to confusion and 
delay in reaching agreement”. 

Many of the recommendations in the 
UNCSTD © secretariat’s preliminary 
draft programme of action on this 
topic were “unacceptable to my 
government in their present form,” 
Dr Osborne said. However Mr Frank 
Joao da Costa, Secretary General of 
the conference, told the preparatory 
committee that the proposed agenda 
for Vienna and the draft programme 
merely reflected the wishes expressed 
by member countries—and that since 
the transfer of technology was high 
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among the concerns of many develop- 
ing countries in their national and 
regional papers, it would have to be 
addressed by the conference. 

In its closing plenary session on 
Monday morning, postponed from last 
Friday to allow additional time for 
discussion, the committee accepted a 
resolution submitted by the Tunisian 
delegate on behalf of the Group of 77 
to restructure the draft programmes of 
action under three ‘target areas’: 
reinforcement of the scientific and 
technological capacities of developing 
countries; restructuring the conditions 
of access to scientific and technological 





"If they delay long enough, the tech- 
nology they give us will be out of date" 


knowledge as an integral part of the 
new international economic order; and 
better coordination of the scientific and 


technological activities undertaken 
within the UN system. 
Despite agreement on the formal 


changes which they wish to see in the 
programmes of action, however, the 
Group of 77, which had established a 
working party during the committee 
meeting, were unable to come to any 
agreement on the substantive issues 
which the preliminary draft of the 
programme has raised. 

Members of the group, to which over 
120 developing countries now belong, 
have therefore agreed to hold a further 
meeting before the next preparatory 
committee meeting, which takes place 
in May, and to create a mechanism 
for continuing discussion of the issues 
up to UNCSTD itself. 

According to some observers, it was 
this strategy on the part of the develop- 
ing countries which led to the relative 
success of last year’s UN conference on 
technological cooperation between 
developing countries. “If this is the 
case, then the game will have been 
worth a candle” one of them said. 

Delegates at the meeting were un- 
able to agree on whether there should 
be a fifth meeting of the preparatory 
committee before UNCSTD, although 
if such a meeting is called 26 June- 
6 July has been put aside for it in New 
York. David Dickson 
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West Germany boosts research by one fifth 


Germany is playing for a big lead in innovation, 
writes Robert Walgate from Bonn 


ALMOST without debate, the Bundestag 
last month increased the budget of the 
West German Ministry. for Research 
and Technology (BMFT) by 19.895 to 
DMS.S billion. The emphasis is on 
stimulating innovation, not basic 
Science. For example, the Deutsche 
Forschungsgemeinschaft (DFG), re- 
sponsible for basic research in the uni- 
versities, received only a 4% increase. 
But the ‘ministry’s programme for 
stimulating innovation jumped 129%. 

There were also big increases in 
many of the directed programmes of 
the BMFT, particularly in electronics 
(32%), transport (58%), and energy, 
which rises 21% from DMI,720 mil- 
lion їп 1978 to DM2,080 million in 
1979. The non-nuclear research pro- 
gramrne is growing particularly fast. It 
will reach DM533 million in 1979, 52% 
above its cost in 1978. 

The increase in the transport budget 
represents confidence in the Erlangen 
Research Centre in Bavaria, where the 
government has already invested 
D'M250 million in the Siemens, AEG, 
and Brown Boveri 450km/h hover- 
train. The investment in electronics 
will stimulate research in micro- 
processor technology. 

The BMFT was not the only min- 
istry to increase its research budget: 
the Ministry for Industry also an- 
nounced a DM300 million boost for 
research in small and medium sized 
firms, to cover up to 30% of the cost 
of employing new research staff. It is 
hoped that this will not only correct 
the imbalance whereby some 90% of 
government-supported industrial re- 
search has been allocated to only 40 
firms, but might also provide employ- 
ment for the 50,000 or so un- or under- 
employed scientists in Germany. 

Germany may be in a position of 
great economic strength at present, but 
it is certainly taking very seriously the 
challenges provided by its lack of 
natural resources, and the increasing 
industrial competition from Third 
World countries with their low labour 
costs. Germany seems determined to 
invest effectively in its brains. How- 
ever there may be a more immediate 
reason for the success of the BMFT in 
this budget. The previous minister, 
Hans Matthoefer, is now Finance 
Minister in overall control of the 
budget, so Volker Hauff, the 38-year- 
old economist who now runs BMFT, 
has had a sympathetic ear. 

However, the Bundestag itself 
showed little interest in the develop- 
ments. Despite a two-day debate (23-24 
January) on the whole German Budget, 
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only the last 90 minutes (from 10.30 
pm to midnight) were devoted to the 
affairs of the BMFT. A leading com- 
mentator on science politics in West 
Germany, Hartmut — Altenmueller, 
wrote: “The interest that politicians 
and the public take in science was 
shown by the debate in the Bundestag 
last week. Zero." Only one parliamen- 
tarian, says Altenmueller, criticised the 
situation, This was Herr Laermann of 
the Centre Party, FDP (which has been 
taking an interest in ecology and the 
Kalkar fast breeder reactor lately). 
Laermann argued that it was time the 
Bundestag took an interest in the 
politics of science and technology 
before the government had formed its 
policy, made its mistakes, and pre- 
sented the Bundestag with a fait 





Technology minister Volker Hauff 


accompli. But little attention was paid 
to his speech. 

On a longer perspective, however, 
German science politics is becoming 
increasingly interesting, and it would 
seem impossible that the Bundestag 
could ignore the issues. For example. 
Professor Helmar Krupp, Director of 
the Institut für Systemtechnik und 
Innovationsforschung (ISI), believes 
that there is a growing awareness in 
Germany that technology must be 
looked at through the eyes of labour: 
what is it like to work with technology, 
what influence does it have on life? 
Moreover, this concern, he feels, is not 
the exclusive property of the ruling 
SPD coalition. “The awareness is 
greater here in Germany that we must 
rely on high technology, that intensive 
work with raw materials will go out". 

The government is increasingly turn- 
ing to institutes like his own (it is 
similar to the Science Policy Research 
Unit at the University of Sussex in the 


UK) to ask for expert advice in matters 
of science and technology policy. For 
example, the DM300 million pro- 
gramme for stimulation of research in 
small and medium sized industry was 
designed within ISI in close co- 
operation with the ministry. 

The energy issues, says Krupp, are 
much the same in Germany as else- 
where. But in basic science, Germany 
is facing some interesting questions. 
The Max Planck Institute for Plasma 
Physics in Garching, near Munich, is 
recovering rapidly from the blow of 
losing the joint European Tokamak 
(JET) project to Culham in the UK. 
It is now forming a proposal for a 
device not dissimilar in price to JET 
itself. 

JET was delayed for some years by 
Brussels politics, and in some respects 
its design is dated. The Garching pro- 
ject, costing DM280 million, would be 
designed specifically to achieve nuclear 
ignition in the plasma, whereas JET is 
primarily a device to test scale-up 
(though it may also achieve ignition). 
The Garching device would be de- 
signed to take account of the radiation 
hazards. 

The proposal is not yet finalised even 
within Garching, because one of the 
divisions (high beta plasmas) would 
have to close. But it is the main con- 
tender for Garching’s main programme 
after ASDEX (a device under construc- 
tion to test the concept of a ‘divertor’ 
to clean impurities from the edge of 
the plasma column). The ignition 
device would probably be a col- 
laboration between Garching and MIT 
in the US. The view of the BMFT is 
not known, but, says a physicist at 
Garching, "at least they haven't 
stopped the study" 

Another issue which seems sure to 
come to a head soon lies in a conflict 
between the basic research funding 
body DFG and the ministries con- 
cerned with a government special 
programme on 'health research'. Offi- 
cials at the DFG are worried that 
criteria used for selecting research for 
funding under the independent, DM450 
million five-year health research pro- 
gramme are too lax. “There is a prob- 
lem of inflation »f poor projects", said 
one DFG official. *Projects are defined 
loosely, and so are the assessments" 
Furthermore the ministries reserve the 
right to ignore the advice of the scien- 
tists they appoint to do the assessments, 
so that poor research can be funded 
purely on political grounds 

More recently the DFG has been 
asked to set up a committee to advise 
the government on cancer research. It 
may well be in that committee that the 
issue will be raised 0 
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US at sixes and sevens over Soviet exchanges 


Last week, Dr Frank Press, the US 
presidential adviser on science, left for 
Moscow to discuss the progress of 
US-Soviet scientific cooperation. 

The visit, as part of the regular 
programme of scientific cooperation 
inaugurated by the Nixon-Brezhnev 
agreement of 1974, was originally 
scheduled for last summer. It was 
cancelled at the last minute by 
President Carter in protest at the trial 
and conviction of Dr Yurii Orlov, the 
physicist, for human rights activities. 

The Soviet science planners clearly 
welcome the restoration of full 
scientific relations with the US. Writing 
іп Izvestiya, Dr Gvishiani, Deputy 
Chairman of the State Committee for 
Science and Technology stressed the 
“mutual benefit” of such exchanges 
and answered Western attempts to 
impede them. He maintained that 
technology transfer was not as is fre- 
quently alleged, a “опе way flow"; 
several US firms, he said, were ben- 
efiting from Soviet technology. 

At present, except for a few hard- 
liners, there is little support among 
Western scientists for out-and-out 
boycott of the Soviet Union. Most 
would prefer to avail themselves of the 
opportunities provided by conferences 
in the Soviet Union to visit those of 
their colleagues who are dissidents and 
refusniks. 

During 1978, however, some US 
academics claimed that the State De- 
partment and other relevant depart- 
ments and agencies of the US govern- 
ment appeared to be implementing 
a policy of discouraging US scientists, 
who were visiting the Soviet Union as 
part of the official exchange pro- 
gramme, from contacting dissidents and 
refusniks. 

It appears that pressure ranged 
from "friendly warnings" to the 
dismissal of certain known friends of 
the Soviet “opposition” from honorary 
but prestigious US . government 
consultancies. 


At the end of last year, the Com- 
mittee for Concerned Scientists Inc., 
one of the most active human rights 
pressure groups, made representations 
to the State Department that this 
practice should cease. The committee 
was assured that no such policy in 
fact existed; if any such actions had 
been taken, it was on the mistaken 
initiative of individuals. 

One result of the confusion of 
official US policy on the matter is that, 
on occasion, the Soviet hosts have 
been able to exert pressure on visiting 
scientists to stay away from opposition 
circles. In one case, a party of scien- 
tists was informed by the head of the 
Soviet welcoming committee that he 
had an "agreement" with the head of 
the US exchange programme in physics 
that scientists on official exchanges 
should not visit the Sunday seminar 
for refusniks. Challenged on the mat- 
ter, the US official in question denied 
the existence of any such "agreement", 
as did also the National Academy of 
Sciences and the various government 
agencies in charge of exchanges. 

If the idea of general boycott is 
abandoned, scientists concerned about 
human rights issues could take action 
by "working to rule" on the vexed 
question of substitutes. For many years 
Soviet delegates invited to attend con- 
ferences outside the USSR have been 
replaced by scientific — nonentities. 
Originally, this resulted in free periods 
in the time-table, but gradually over 
the years it has become increasingly 
common for the substitutes to be 
accommodated in the programme. 

Last summer, at the Paris con- 
ference on luminescence, a special 
*Round Table" on the Orlov case was 
held, and the possibility of a cam- 
paign against substitutes discussed. 
The consensus of opinion, however, 
was that it would cause too many 
practical difficulties, and possibly lead 
to Soviet withdrawals. 

So far, only a few hard-liners, such 


Moscow’s growing pollution problem 


InpusTRIAL pollution in the Moscow 
region will increase by 150-200% by 
the end of the century, according to 
Dr Aleksandr M. Ryabchikov of 
Moscow State University. Already the 
city has spread across the ring road 
originally intended to confine it, and 
new developments are penetrating into 
the ‘green belt? economy—dairy farm- 
ing, market gardening, leisure zones 
and reservoirs, of what is described as 
the ‘second peripheral belt’. 
Purification installations are compul- 
sory for all new industrial enterprises, 
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but, according to Dr Ryabchikov, are 
“insufficiently advanced" and are very 
expensive, costing up to 40% of the 
capital cost of the plants. Only the use 
of abundant non-polluting energy— 
thermonuclear fusion and solar energy 
based on photochemistry, he said, can 
provide a lasting solution to the 
problem. 

Dr Ryabchikov's suggestions follow 
a broad-based research programme on 
environmental measures recently been 
carried out in the geographical faculty 
at Moscow University. 





as Nobel Laureate Paul Flery and his 
four co-protesters, who refused to 
attend the IFPAC seminar on Macro- 
molecular chemistry in Tashkent, are 
prepared to make a stand on the 
"substitutes" issue. 

However, a disturbing document 
issued recently by the Committee of 
Concerned Scientists may well make it 
necessary to reappraise the whole 
problem of substitutes. The report, 
alleging wide-spread anti-Semitism in 
Soviet mathematics, stresses that it is 
virtually impossible for Soviet Jewish 
mathematicians to travel abroad to 
conferences. This, it must be stressed, 
is not a matter of Jews who wish to 
emigrate to Israel, but simply of Soviet 
citizens with no "Zionist" inclinations 
who have a Jewish name and the entry 
“Jew” on their internal passport. 

The Committee for Concerned 
Scientists strongly urge a ‘‘no-substi- 
tutes" policy as the best way of helping 
in such cases. Other countries of the 
Comecon bloc are, in the main, some- 
what more lenient about foreign travel 
—with the notable exception of con- 
ferences held in Israel, which, since 
1967, has had no diplomatic relations 
with any Comecon country except 
Romania. Poland is perhaps the most 
lenient of the Comecon countries. A 
handful of Polish ecologists managed 
to attend the Intecol-2 conference in 
Jerusalem last September. However, 
members of the Polish Biochemical 
Society are not prepared to rely on this 
precedent. Already they are making 
known abroad their wish to attend the 
meeting of the Federation of European 
Biochemical Societies in Jerusalem in 
August, 1980. 

It is not sufficient, they stress, that 
one or two leading Academicians 
should attend as official delegates— 
what they are seeking is that any 
scientist from the Comecon bloc, 
willing to travel at his own expense, 
should be permitted to do so. 

Vera Rich 


Time for a clean-up 


Moscow: 


© Macmillan Journals Ltd 1979 


Nature Vol. 277 8 February 1979 


Sigvard Eklund: the uses and 


abuses of nuclea 





* The director-general of the IAEA 
(above) put the pro-nuclear case in 
London last week. Judy Redfearn 
reports 


THE increased use of nuclear power has 
"not contributed to horizontal pro- 
liferation and is unlikely to", according 
to Dr Sigvard Eklund, director-general 
of the International Atomic Energy 
Agency (IAEA). At the presidential 
lecture of the British Institution of 
Nuclear Engineers in London last week, 
he supported this claim by saying that 
only six states have exploded nuclear 
weapons although many more have the 
technical know-how to do so. 

The political will of states is the key 
to controlling proliferation, according 
to Eklund. Without it, international 
safeguards cannot be effective and 
"technical examinations are valueless". 

Restricting the supply of enriched 
uranium and nuclear technology to 
developing countries, as advocated by 
the United States, is only likely to 
"encourage nuclear self-sufficiency and 
therefore increase proliferation", 
Eklund claims. He suggested the 
IAEA could work out a scheme to 
assure countries of essential nuclear 
supplies. This would have the strength 
of current non-proliferation arrange- 
ments and would assure supplies and 
safeguards. A disruption in supplies 
would be a breach of the safeguards. 
There was a need for urgent action, he 
said. "Nations would gain more in 
partnership than in imposing their 
thoughts on others." 

Predictably Eklund is a staunch 
nuclear supporter. The nostalgia he 
feels for the time when nuclear engin- 
eers were left alone to solve difficult 
problems **quickly" and impossible ones 
"with time" illustrates his attitude 
towards the arguments of the anti- 
nuclear movement. ‘Rational argu- 
ments", he says, “no longer carry any 
weight." 

Eklund believes that nuclear power 
will be needed to meet increasing world 
energy demand. He is sceptical of 
energy forecasting however: the great 
variety of estimates of future energy 
demand are not surprising, he says, 


0028—0836/79/0277—0425$01.06G 


r energy 


considering the many different assump- 
tions energy forecasters have made. 

Nevertheless, he believes that the 
growth in demand will continue over 
the next decade (though the rate of 
growth will fall), Even if the developed 
countries use conservation measures, 
he says the world demand will continue 
because of increasing population, 
economic development, the develop- 
ment of sparsely populated areas (such 
as Siberia) and the energy needed to re- 
cycle increasingly scarce natural 
resources. "Even if the developed 
countries have zero energy growth, de- 
mand from developing countries will 
lead to a substantial growth in world 
energy needs.” 

Moreover, he says, conservation takes 
too long to have an effect to be a major 
factor in reducing energy demand 
before the end of the century. 
“Lifestyles and social structures don’t 
change overnight, at least in demo- 
cratic systems". Neither does he fore- 
see any major role for alternative 
sources of energy. Those with the 
greatest potential such as hydroelectric 
power, he says, are already being ex- 
ploited and others probably won’t have 
much to offer. 

So, in the expectation of increasing 
demand, Eklund sees nuclear power as 
ripe for a substantial contribution—at 
the right stage of development and 
economically competitive with other 
energy sources. “I don’t believe 
uranium prices will rise faster than 
oil prices", he says, and substantial 
new discoveries of fossil fuels could 
only postpone the need for nuclear by 
a few decades. Oil is likely to become 
increasingly scarce and costly and a 
rapid expansion in coal production 
would lead to “serious environmental 
problems." 

Eklund puts a lot of emphasis on 
fast breeder reactors which, he says, 
could double the energy potential of 
uranium and provide the world with 
abundant energy. Since 1973, however, 
there has been a drop in the number of 
FBR projects. “This constituttes a para- 
dox", says Eklund. “Nuclear power has 
become the victim of the pioneering 
work on the environment done by its 
founders.” The anti-nuclear movement 
has become allied to political groups 
which search for a better ‘quality of 
life'—a term never defined, according 
to Eklund—rather than а higher 
‘standard of living’. These groups are 
not found in totalitarian states, he says: 
their greatest influence has been in 
countries with low majority govern- 
ments such as Sweden and Austria. O 
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Can multinationals 
aid development ? 


A RAPID technological transformation, 
similar to the industrial expansion of 
Japan in post-war decades, is now fac- 
ing several developing countries scat- 
tered round the globe, according to Dr 
Jorge Katz, director of the Economic 
Commission for Latin America's re- 
search project on technology and 
development. Indeed, these nations- 
which include Brazil, Argentina, 
Mexico, South Korea, Singapore, and 
perhaps even India—may soon be in a 
position to export advanced technical 
programmes to other countries— 
although their spread will be on more 
limited industrial fronts than Japan’s. 

The slower-developing nations of 
Central and South America, and also 
Africa, then become the main targets 
for industrial and technological exports 
from their more advanced neighbours. 
The question then is what these less 
sophisticated nations will gain in the 
transaction. 

It is generally assumed that devel- 
oping countries which are used as the 
sites for the advanced industrial com- 
plexes of multinational corporations 
gain little in the way of technological 
knowledge of expertise. But Dr Katz 
challenged this view at a recent sym- 
posium at Sussex University, organised 
by the Science Policy Research Unit 
there. He maintained that developing 
nations were able to assimilate informa- 
tion from sophisticated manufacturing 
plants in their midst. 

* You cannot take a piece of tech- 
nology from a developed country, put 
it in a developing country and expect 
it to work in exactly the same way”, 
he said. Altered circumstances often 
led to changes in plant design and in 
this way, local engineers and tech- 
nologists became involved in work 
that increased their expertise. 

However, a variety of economic 
factors affected the nature of tech- 
nological transfer gained at plant level. 
One important determinant was the 
amount of freedom given by multi- 
national companies to their foreign 
subsidiaries. For instance, many firms 
in the United States allowed their sub- 
sidiaries to vary original designs, while 
European, especially Swiss and Ger- 
man, companies tended to forbid this 

Other determinants included the rate 
of capital subsidy; the rate of ex- 
change; and the cost and variability of 
local skilled labour. In some parts of 
Africa, there was practically no skilled 
labour available. This handicapped the 
setting up of new factories and in turn 
prevented пем expertise being 
generated. Robin McKie 
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WHO endorses word wide barefoot doctor campaign: The 
Executive Board of the World Health Organisation has 
approved a plan for radically improving health care through- 
out the world by the year 2000. Described as “а landmark 
in public health history" the plan addresses the failures of 
present medical establishments to provide satisfactory health 
care for the great majority of people and proposes the use 
of appropriate technology, improved nutrition, increased 
attention to water supplies and the greater use of health 
auxiliaries, the barefoot doctors pioneered in China. 

The WHO proposals stress self reliance and technical 
cooperation between third world countries. According to a 
WHO spokesperson the plan calls for a shift away from 
dependence on transnational drug companies—at present 
countries spend up to one half of their health budgets on 
"useless" drugs—and away from reliance on "the great 
white experts" from Europe and the United States. The 
board also stressed that good health cannot be separated 
from economic and social development. 


Joint UK-US reactor safety research 
planned: A joint testing programme 
on the safety of plutonium fuel will 
be signed shortly by the UK and the 
US. The programme will make use 
of the UK's 250 MW prototype fast 
reactor at Dounreay and the United 
States transient reactor test facility 
(TREAT) located at Idaho 
Falls, Idaho. Plutonium fuel f 
pins will be burned at Dounreay for Й 

varying periods up to their lifetime of two years. After 
a cooling off period, the pins will be transferred to the 
TREAT facility where, singly and in bundles, they will be 
subjected to rapid excess reactivity. This procedure 
generates rapid temperature changes in the pins and is a 
way to simulate loss of coolant or control rod malfunction 
accidents. The pins can then be analysed for structural 
soundness against this type of accident. 

The magazine, Undercurrents recently reported that 
water was found coming out of a 4 inch crack in a primary 
cooling pipe at the Duane Arnold nuclear reactor in Palo, 
Iowa. Upon inspection all seven of the cooling pipes were 
found to be cracked. Two plants of similar design in North 
Carolina have been shut down for inspection and at least 
nine others are at risk. A complete break in one of these 
pipes would cause a major loss of coolant accident of the 
{уре that the TREAT facility means to test. 


US Congress elects liberals to key science policy committee 
posts: In a major upset to the traditional seniority system, 
the US democratic members of Congress have elected 
liberal candidates to two key subcommittee posts on 
scientific and environmental issues over the heads of more 
senior contenders. 

Representative Henry Waxman of California, who was 
only elected to Congress in 1974, has been chosen to succeed 
Representative Paul Rogers as chairman of the Health and 
Environment Subcommitee of the House Interstate and 
Foreign Commerce Committee. 

This committee has been the source of much recent 
health research legislation, as well as of concerted attempts 
to produce legislation covering recombinant DNA research. 
Mr Waxman defeated the more senior representative 
Richardson Preyer, who had aroused certain suspicion 
through holding financial interests in various pharmaceutical 
companies, an area of the subcommittee's responsibility. 

A further surprise was caused by representative Toby 
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Moffett, another post-Watergate congressman, who was 
elected to chair the Subcommittee on Environment, Energy 
and Natural Resources of the House Government Opera- 
tions Committee. 

The two appointments represent victories for labour, 
consumer and environmentalist interests. However, with a 
new generation of congressmen arriving in Washington 
bearing a considerably less liberal outlook than some of 
their immediate predecessors, few are expecting any 
radical shift in the activties of etiher subcommittee. 


Short term contract researchers meet in Manchester: 
Research workers from the University of Salford, Man- 
chester University and the University of Manchester 
Institute of Science and Technology met on 31 January 
to discuss problems of short term contract workers. Partici- 
pants discussed individual cases, including that of David 
Pillinger (25 January, page 255) a tenured cancer researcher 
made redundant at the Christie Hospital: present deficiencies 
in the conditions of service of short term contract workers; 
and long term prospects including a proper career structure 
and strategies for long term funding including the possibility 
of prying money out of the University Grants Committee 
to fund research workers instead of just equipment and 
buildings as is presently the case. According to convenors 
Jean Shaoul and Alastair Risk of the University of Salford 
the questions raised are "fairly standard union matters" 
but the easy money of the 1960s has spoiled researchers 
with the result that "present organisation is well behind 
the rest of the working population." The next meeting is 
scheduled for 7 March at Manchester University. 


Refusnik resists move into secret work: Since he applied 
to emigrate to Israel in 1974, the position of Professor 
Solomon Alber, a topologist working at the Institute of 
Chemical Physics of the Soviet Academy of Sciences has 
been anomalous. Normally, any such applicant is immedi- 
ately dismissed from his job; Alber, however, was simply 
demoted from head of the mathematics department of 
the institute to a minor academic post. Recently, attempts 
have been made to shift him to the branch of the 
institute doing secret work—a ploy which would effectively 
obviate his chance of ever receiving a visa. Alber is 
resisting the move. If, however, he fails to comply, the 
institute will have some basis for his dismissal other than 
that of his wish to emigrate. 


GE researchers develop plan for chemical heat pipe: A 
research team at General Electric's Research and Develop- 
ment Centre in Schenectady, New York has produced a 
feasibility study for using industrial waste heat. The study 
is based on an original German proposal in which heat is 
used to drive the catalytic. conversion (at 1900 ^F) of 
methane to carbon monoxide and hydrogen, CH, + H.O— 
CO--3H.. The reaction products are then cooled (the heat 
being used to warm incoming methane) and are piped over 
distances up to 300 miles where they are re-combined 
catalytically in the exothermic reverse reaction, the heat 
being used locally. 

GE scientists sought to find a reaction that would go at 
the lower temperature of 10007-1200 ^F generated in 
many types of power station. They found a candidate in 
the catalytic conversion of cyclohexane to benzene and 
hydrogen, C,H,7— C&Hs--3H». The efficiency of the heat 
conversion and extraction is estimated to be 80% but there 
are undetermined particle losses in the catalytic reaction. 
A loss of 1% per cycle would make the proposal unwork- 
able. Research is proceeding to determine this factor. 
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A modest contribution to security and cooperation 


TUCKED away among the fifty pages of 
the Helsinki Agreement is a short 
paragraph envisaging a ‘scientific 
Ғогит’—“а meeting of leading person- 
alities in science from the participating 
states". In the two years after Helsinki, 
this item seems to have been given 
little attention. But amidst the wrang- 
ling at Belgrade last year, it was a 
relief to agree to set up an innocuous 
meeting of experts to plan the forum. 

This meeting took place in Bonn, 
during the summer. For six whole 
weeks, diplomatic and scientific repre- 
sentatives of the 36 signatories of the 
Final Act of the Conference on 
Security and Cooperation in Europe 
(CSCE—alias the Helsinki ‘Agree- 
ment’)—circled warily and delicately 
around this modest-seeming proposal. 
Their eventual report was unanimous: 
the scientific forum will be held in 
Hamburg, in February 1980. 

From the diffuse agenda proposed in 
this report it is difficult to estimate the 
significance of the forum. Two weeks 
of discussions of “interrelated problems 
of common interest concerning cur- 
rent and future developments in 
science” are not likely to throw much 
new light on the human condition, 
especially when dispersed over such a 
diversity of topics as "alternative 
energy sources", "food production", 
"trends in medical research, in parti- 
cular in basic research and primarily 
on cardiovascular, tumour and virus 
diseases, taking into consideration the 
influence of the changing environment 
on human health", and “comparative 
studies on social, socio-economic and 
cultural phenomena, especially the 
problems of human environment and 
urban development". 

In the diplomatic bargaining that 
produced this list, it was obviously 
easier to achieve a consensus by includ- 
ing the favourite topic of every dele- 
gation than to spend another six weeks 
trimming it down to size. Thousands 
of man-weeks of serious discussion of 
all these topics is already taking place 
each year, uninhibitedly across all the 
frontiers of the world; nobody is under 
any illusions that the forum can do 
much more scientifically than skim 
lightly over very familiar ground. 

The original text of the CSCE Final 
Act intends that the forum should 
"promote the expansion of contacts, 
communications and the exchange of 
information, between scientific institu- 
tions and among scientists". But here 
again, a meeting of this kind can do 
little to supplement the existing net- 
work of bilateral and multilateral 
agreements, involving national scientific 
organisations, transnational scientific 
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An interna- 
tional science 
forum is to be 
held in Ham- 
burg a year 
from now, in 
the wake of the 
signing of the 
Helsinki Agree- 
ment (right) 
John Ziman, 
profesor of 
physics, Bristol 
University, dis- 
cusses his hopes 
for the meet- 
ing. 


unions, and international agencies, 
under which such activities already 
take place on a very large scale. In this 
respect, the further implementation of 
the Helsinki Agreement to improve 
cultural and scientific contacts depends 
essentially on the amelioration of the 
general political climate and on detailed 
attention to a multitude of small ob- 
stacles to free traffic in ideas and people. 

Nevertheless, those of us who took 
part in the Bonn meeting came to 
appreciate the value of the proposed 
forum as a symbol of the Helsinki 
spirit, with a modest potentiality for 
good, both for the progress of science 
and for the welfare of the people of 
Europe. In the acrimonious aftermath 
of Belgrade, it was natural that the 
proceedings at Bonn were ponderous, 
and the agreed agenda turned out to 
be rather trite. This was a diplomatic 
meeting, with all the rigmaroles of 
achieving complete agreement amongst 
the representatives of sovereign states. 

If the scientists had been left alone to 
plan the forum, they might not have 
been quite so sensitive to the protocols 
of arriving at consensual proposals 
within the interlacing alliances of the 
‘nine’ (the EEC) and the ‘fifteen’ 
(NATO). Even where there is sharp 
conflict of interest, as between the 
countries of the Soviet bloc and the 
Western democracies, scientific leaders 
can usually rely upon the shared 
experiences and common goals of re- 
search, so that negotiations of this kind 
are seldom conducted at arm's length. 

But behind the courteously meander- 
ing debates and apparently trivial verbal 
amendments of text lay real issues, 
which might well have been com- 
promised in а less self-conscious 
bargaining process. What is science? Is 
it the technological arm of state power, 
or does it transcend national frontiers? 
Should those ‘leading scientific experts’ 
who are to participate so gravely in 
the forum be cast as official representa- 
tives of their respective governments, 





or should they appear as individuals 
supported by the authority of their 
scholarly achievements? Are the topics 
to be treated largely from the aspect 
of practical application—hence within 
all the constraints of economic, political 
and military competition—or in those 
fundamental aspects that are universal 


and free for all mankind? These 
questions were a constant  pre- 
occupation of the diplomatic and 


scientific representatives at Bonn, on 
both sides of the Great Divide. 

On the whole, the agenda of the 
forum leaves the door as open for truth 
as for the manifestations of power. 
This is something of an achievement. 
From the beginning, the Soviet govern- 
ment and its closest allies were fearful 
that the West might be tempted to use 
the forum as an instrument of protest 
against the oppression of dissidents. 
Their desire to impose official repre- 
sentative status on the speakers at the 
forum was as much an attempt to 
muzzle such ‘undiplomatic’ mouth- 
pieces as a reflection of their own 
heavily bureaucratised and subservient 
scientific systems. The Bonn report does 
not impose such a gag, thus effectively 
recognising the universality of the voice 
of science. 

In my view, it would be a mistake for 
Western scientists to press the human 
rights issue at the forum. This I say 
reluctantly, for this issue is profound 
within modern science. But what is 
offered at Hamburg, in little more than 
a year’s time, is the opportunity to 
celebrate, under official governmental 
auspices, as publicly and as explicitly 
as could be, the genuinely transnational 
character of the scientific enterprise. It 
will be an occasion to demonstrate the 
universality of empirical fact and 
rational argument, the communal spirit 
that pervades research work in all 
fields, the fraternity and cosmopoli- 
tanism of the republic of learning, and 
the humane benefits that accrue from 
a body of reliable scientific knowledge. 
These are the norms to which we refer, 
these are the ideology of science itself 
—the ideology to which the dissidents 
themselves appeal in their opposition to 
tyranny. 

The Helsinki Agreement was about 
cooperation and détente. The true 
meaning of these unhappily tattered 
concepts in the scientific and cultural 
domain must not be forgotten. The 
value of the scientific forum is unlikely 
to be found in deeper understanding 
of technical scientific issues, nor in 
another confrontation on socio- 
political fundamentals, but perhaps in 
a modest affirmation that truth itself 
is one of the powers to be reckoned 
with in the real world o 
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Causes of cancer 


Sir,—In a recent book review I stated 
that “many, and perhaps most, cancers 
are caused by certain sexual habits, 
smoking habits, and gross aspects of diet 
rather than contaminants" (27 July, 

page 404). My statement runs counter to 
the general belief that we are currently 
suffering an epidemic of cancer due to a 
multitude of carcinogenic pollutants, 

and I have been asked, both courteously 
in private correspondence and sarcastically 
by Ralph Chernoff (7 September, page 8) 
to substantiate it. Chiefly, those who are 
surprised by this statement should read 
the relevant reviews of cancer 
epidemiology (Nature 265, 589; 1978) or of 
cancer trends, but some relevant points 
can be summarised briefly. 

The major age-specific trends over the 
past decades are not in general upwards, 
with the notable exception of those 
cancers associated with cigarette smoking. 
The American Cancer Society (A Journal 
for Clinicians, 28, (1), 20-21; 1978) have 
illustrated this for America, and Doll 
(Proc. Roy. Soc., in press) has shown it 
in more detail for Britain, avoiding the 
older age groups where the progressive 
elimination of mis-diagnosis produces 
artefactual trends. Any balanced 
perspective on cancer must begin with 
the role of smoking, not with any other 
aspect of the modern world. (The 
arguments recently advanced by the office 
of OSHA in the US that 20-40% of 
al cancer will soon be caused by 
industrial exposure are methodologically 
unsound, for the particular risks which 
they discuss are very considerably 
exaggerated.) 

Smoking, particularly of cigarettes, is 
the chief cause of lung cancer in Britain, 
and smoking is strongly associated with 
oral and with oesophageal cancer and 
also, albeit less strongly, with bladder 
and with pancreatic cancer. Adding up 
appropriate proportions of the numbers 
who die of these cancers, smoking is 
responsible for about 30% of all British 
cancer deaths, most of this 30° being 
accounted for by the solidly established 
causal relationship betwen smoking and 
lung cancer. 

Sexual habits are the chief known 
determinant of the risk of cancer of the 
uterine cervix, a disease which is very 
much commoner in prostitutes than in 
nuns and which is commoner among 
women who have had many sexual 
partners or who began intercourse at an 
early age. This disease, however, 
accounts for only 2% of all British cancer 
deaths, and although we have accounted 
for “many” British cancer deaths by 
smoking, we have not yet accounted for 
“perhaps most” deaths, and cannot do 
so unless we can describe likely causes 
for stomach, breast or colorectal cancer. 

Stomach cancer used to be very 
common in the United States, but over | 
the past forty years the mortality from it 
has decreased tenfold, so that it is now 
quite rare. The causes for this are quite 
obscure, especially since treatment has not 
materially improved, but since downward 
trends in stomach cancer are at last also 


developing in Britain one can hope that 
whatever (dietary?) aspects of the 
twentieth, as opposed to the nineteenth, 
century environment has protected the 
Americans will also eventually protect us. 

In Britain, apart from lung (27% of 
cancer deaths) and stomach (9%), the two 
commonest sites are breast (9%) and 
large intestine (13%), and preventable 
causes for these definitely exist although 
they cannot as yet be identified with 
certainty. Early pregnancy seems to 
protect against breast cancer, but no 
practicable other way of producing these 
protective effects is yet known, so let us 
turn to diet instead. Among rats that 
have been pre-treated with certain 
carcinogens, a moderate dietary increase 
or decrease of certain components of 
“fat” will greatly increase or decrease 
their chances of developing breast or colon 
cancer. In humans, graphs of the per 
caput fat consumption in various 
countries against age-standardised cancer 
rates have been found to yield very 
striking positive correlations with fat for 
female colon cancer (81% correlation), 
for male colon cancer (85°) and for 
female breast cancer (89%). These 
correlations, taken together with the 
evidence in laboratory animals, make it 
plausible that some gross aspect of diet is 
a preventable (since people already differ 
with respect to it) cause of these cancers. 

Of course, one particular person’s fatal 
cancer may have had more than one 
preventable cause, especially if multistage 
models for cancer induction are 
approximately correct (Peto, 1977, 
Origins of Human Cancer, Cold Spring 
Harbor publications). However, this makes 
it more, rather than less, plausible that 
among "sexual habits, smoking habits 
and gross aspects of diet” (such as the 
consumption of certain fats or fibres) we 
shall find at least one preventable cause 
for many, and perhaps most, of 
today’s fatal cancers. 

Yours faithfully, 
Ricuanp PETO 

Radcliffe Infirmary 
Oxford, UK 


World futures 


Sir,—I would like to point out some 
curious omissions in Lord Ashby’s 
review of Freeman’s and Jahoda’s 
“World Futures” (9 November, page 
144), 

Ashby cites with approval the choice 
of four growth options; he forgets that 
there are also four decay options, which 
should not be left out a priori, merely 
on the ground that they are less 
cheerful than the former. 

When Ashby agrees with the 
“outstanding practical conclusion" from 
the analysis, namely that the absolutely 
top priority is to narrow the gap 
between rich and poor, both within and 
between nations, and that this can only 
be done by devoting massive resources 
to certain problems, he fails to mention 
two important facts. First. that this 
narrowing of the gap between rich 
and poor is exactly what has been 
happening in Western industrialised 


countries for the last hundred years; 
second that the same thing is happening 
now between nations, without any 
wilful action at all. Although most poor 
nations have not become richer, western 
European countries have become 
immensely poorer, through the 
operation of political, economic and 
social forces, such as displacement of 
industry, loss of control over resources 
and the corresponding inflation. If this 
trend continues, these nations will be 
fully-fledged members of the Third 
World within a very short time, and 
this would of course resolve the problem 
of their devoting massive resources to 
aid other countries. 
Yours faithfully, 

S. V. VAECK 
Ministére des Affaires Economique, 
Brussels, Belgium. 


Energy forecasts 


Sig,—Your correspondent reports 
Amory Lovins commenting favourably 
on the predictive power of his 
tabulation of US Energy Demand 
Forecasts, (18 January, page 163). My 
analysis supports the opposite view. 

Neglecting Steinhart's forecast for 
2050 as outside the boundary, and 
taking instead the lower CONAES 2010 
figure as “beyond the pale" for '78, 
you will discover that the range between 
maximum and minimum for each year 
of forecasts is nearly constant at 60 а. 
Thus as the year of forecast approaches 
the target year 2000, so the percentage 
error on the forecasts increases! Is this 
knowing more and more of less and 
less? 

Yours faithfully, 
J. T. D. MITCHELL 

Abingdon, Oxfordshire, UK. 


ARMS cannot negotiate 


SiR,—We were gratified to read 
Mr Hounsell’s letter (18 January, page 
171) and his expression of support for 
ARMS albeit with reservations. Let us 
allay his fears on one or two points. 
First, the prime objective of ARMS is 
to seek to develop and establish career 
structures for full-time research 
scientists in biomedical sciences, and 
who could be better motivated than the 
scientists themselves to do this. 
Second, we recognise that we have 
neither the experience nor the rights to 
‘negotiate’ with employers (in the trade 
union sense) but we can at least enter 
into discussions, identify problems 
and make recommendations to both 
employers and the unions who aim to 
represent us. If researchers become 
diverted from working within a trade 
union as a result of this, then it can 
only mean that the unions themselves 
are failing to fulfil the requirements 
of these workers. 
Yours faithfully, 

ARLEEN UNGER 
ARMS, Clinical Science Labs., 
Guy's Hospital, London, SEI. 
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news and views 





Synthetic genes for human insulin 


from Michael J. Gait 


THE synthesis of human insulin by 
bacterial cells fermented on production 
scale, a dream of molecular biologists 
for several years, is rapidly approach- 
ing reality with the recent announce- 
ment of the expression of synthetic 
human insulin genes in E. coli (Crea 
et al. Proc. natn. Acad. Sci. U.S. A. 75, 
5765; 1978; Goedell er al. Proc. natn. 
Acad. Sci. U.S.A., in the press). 

The dream began early this decade 
with the discovery that pieces of DNA 
of different origin could be inserted 
into a bacterial plasmid or virus (in 
vitro recombination). The chimaeric 
DNA could be used, for example, to 
transform E. coli and clones containing 
the desired insert selected. It was not 
difficult to imagine that one day DNA 
coding for insulin could be inserted into 
a bacterium and expressed as. mature 
insulin. The idea was also attractive 
to pharmaceutical industry, conven- 
tional methods of insulin production 
being hopelessly inadequate for pro- 
jected future needs. 

Recently several giant strides have 
been taken towards insulin expression 
in bacteria. First, rat pre-proinsulin 
mRNA has been reverse transcribed 
into cDNA and inserted into the plas- 
mid pMBO9, which was used to trans- 
form E. coli cells. In one clone the 
whole proinsulin coding sequence and 
part of the N-terminal pre-peptide was 
present (Ullrich et al. Science, 196, 
1313; 1977; see also News and Views 
268, 198; 1977). More recently Villa- 
Komaroff er al. (Proc. natn. Acad. Sci. 
U.S.A. 75, 3727; 1978) inserted cDNA, 
again made from rat pre-proinsulin 
mRNA, into the coding sequence for 
the secreted protein  penicillinase 
located on the plasmid pBR322. After 
transfection and cloning a fused peni- 
cillinase-proinsulin translation product 
was detected to be secreted from the 
bacterial cell. Isolation of human pre- 
proinsulin mRNA is technically diffi- 
cult and has not yet been accomplished. 
Fortunately an alternative and poten- 





Michael J. Gait is in the MRC Laboratory 
of Molecular Biology, Cambridge. 
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tially much more far-reaching approach 
is now possible based on the use of 
chemically synthesised DNA. 

As a curtain-raiser K. Itakura et al. 
(Science 198, 1056; 1977) showed that 
synthetic DNA corresponding to the 
sequence of the peptide hormone soma- 
tostatin could be inserted into the 
plasmid pBR322, this time into the 
gene for the secreted protein, В- 
galactosidase. An extra methionine 
codon was incorporated at the N- 
terminus of the somatostatin gene 
sequence, so that after expression in 
E. coli the secreted, fused, f-galac- 
tosidase-somatostatin product could be 
cleaved at the methionine residue by 
treatment with cyanogen bromide, 
liberating somatostatin (which contains 
no methionine). 

The same research group has now 
described the chemical synthesis of two 
pieces of DNA corresponding to A and 
B chains of human insulin (Crea et al. 
ор. сй). Each DNA duplex was separ- 
ately inserted into the plasmid pBR 322 
in the same way as for the somatostatin 
gene. After transformation of E. coli, 
fused P-galactosidase-insulin A in one 
case and #-galactosidase-insulin B in 
the other were found to be secreted 
(Goedell et al. op. cit.). Free A and B 
chains are generated by cyanogen 
bromide treatment, but so far only A 
chain has been isolated in reasonably 
pure form. Nevertheless, yields of in- 
sulin chains are about 10 mg per 24g 
wet cells, about 10 times higher than 
for somatostatin. 

The aim is to reconstitute mature 
insulin by association in vitro of disul- 
phide bonds between A and B chains 
(proinsulin in vivo, consisting of B 
chain, a connecting peptide and A 
chain, folds and forms two disulphide 
bonds between chains A and B. The 
connecting peptide is then excised to 
generate mature insulin). One drawback 
to synthesis of separate insulin chains 
is that the achievement of high ef- 
ficiency of disulphide bond association 
in the correct orientation is currently 
disputed amongst specialists. Goedell 
et al. (op. cit.) indeed report low yields 


when impure A and B chains аге used 
and so far have only detected mature 
insulin by radioimmunoassay. A better 
approach might be to synthesise the 
DNA sequence corresponding to pro- 
insulin or an analogue with an easily 
excisable connecting peptide. Here 
disulphide bond formation in vitro is 
likely to be much more efficient because 
A and B chains are already in close 
proximity. However, chains of a poss- 
ibly active human gene in E. coli would. 
require much more stringent contain- 
ment under the present guidelines than 
the P2-EK2 used to clone the chains 
separately. The safety of this procedure 
would need to be established before 
large scale cloning could be considered. 

Despite the uncertainty of insulin 
reconstitution the methodology as it 
stands must be recognised as a remark- 
able contribution to molecular biology, 
at least as important as the pioneering 
synthesis of RNA genes by Н. б. 
Khorana’s group (see Khorana ef al. 
J. biol. Chem. 250, 565; 1976; the 
synthesis of the tyrosine suppressor 
tRNA gene has finally been completed 
(T. Sekiya et al. J. biol. Chem., in the 
ргеѕѕ)). Khorana introduced the tech- 
nology for joining chemically syn- 
thesised oligodeoxyribonucleotides 10- 
15 units long with the enzyme T4 DNA 
ligase. Using the specific base-pairing 
mechanism two such chains could he 
joined in the presence of a third ‘splint’ 
chain. A duplex is formed by simul- 
taneous joining of several chains 
aligned in this way. Crea et al. (op. cit.) 
have used the same enzymatic tech- 
nology, but the chemical synthesis of 
the 29 oligonucleotides needed to form 
the two duplexes has taken only a 
fraction of the time (in man-years) 
compared with that required for the 
tyrosine tRNA gene. This is the result 
of the use of the developing 'phos- 
photriester' synthetic technology (com- 
pared with Khorana's phosphodiester 
approach) as well as new rapid purifi- 
cation techniques afforded by high per- 
formance liquid chromatography. 

Now that synthetic DNA can be 
prepared on a reasonable time-scale the 
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Gravitational radiation at last? 


from P. C. W. Davies 


Scientists have used astronomy as 
a proving ground for theories of 
gravity ever since Newton explained 
the sizes and shapes of the planetary 
orbits, In 1915 Einstein proposed a 
new theory of gravity—general re- 
lativity—involving bizarre concepts 
of geometrically distorted space-time, 
and in a short while minute cor- 
rections to Newton's theory were 
confirmed by careful observation in 
the Solar System. 

Until recently, no qualitatively new 
tests of general relativity were made. 
Then, with the discovery of a weird 
type of double star in which gravita- 
tional fields are thousands of times 
stronger than in the Solar System, the 
possibility arose of confirming subtle 
higher-order relativistic corrections to 
Newtonian gravity. Known as a 
binary pulsar, 
thought to be a pair of imploded stars 
in orbit around one another. One 
star is unidentified, but the com- 


panion seems to be a neutron star, 
an object with the mass of the Sun 
but shrunk to only a few miles in 


size, so that its immense gravity 
causes even atoms to collapse into 
neutrons under their own weight. 
Rotating many times a second, this 
collapsed star emits extremely regular 
and precise pulses of radio waves 
(hence the name pulsar) which can be 
monitored on Earth and used as a 
built-in clock. 

Over the past 4 years astronomers 
have beeen able to follow the con- 
volutions of the pulsar in its orbital 
dance around its invisible companion. 
Because of the enormous gravitational 
fields in the system, relativistic effects 
are extremely prominent. For ex- 
ample, a progressive twisting of the 
elliptical orbit caused by space-time 
curvature amounts to a huge 42 
degrees per year, which should be 
compared with the celebrated 43s of 
arc per century suffered by the planet 
Mercury. 

On page 437 of this issue of Nature, 
three astronomers report measure- 
ments on the pulsar taken with the 


particular advantages of its use can be 
truly appreciated. For there are no 
tricky mRNA isolations involved, 
merely a knowledge of the required 
peptide sequence. Codon choice seems 
not to be a problem, as both the 
human insulin duplexes (incorporating 
codons chosen from those most fre- 
quently found in phage MS2) and the 
rat proinsulin cDNA have been ex- 
pressed in E, coli. In the future other 
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the new object is’ 


giant Arecibo radiotelescope in Puerto 
Rico. The precision of the observa- 
tions and the quantity of information 
encoded in the radio pulses is so 
high that not only can the mass of 
the pulsar and its unseen companion 
be deduced, but an internal con- 
sistency check can be made on the 
general theory of relativity. The 
masses are much as expected, some- 
what less than 14 solar masses, 
suggesting that both components are 
neutron stars, but the more exciting 
result concerns a small, but vitally 
significant feature of the orbital 
motion. The astronomers have found 
that, over the months, the orbital 
period of the pulsar (which is less than 
8h) is slowly changing. Although the 
shift only amounts to about one part 
in 10° per year, it is quite distinct 
and has far-reaching implications. 
The systematic drift is readily 
explained by Einstein's theory. Just 
as the motion of electric charges 
produces electromagnetic waves, such 
as light and radio waves, so the orbital 
gymnastics of the binary pulsar should 
produce gravitational waves. In 
Einstein’s theory these are literally 
ripples of space-time itself, emanating 
from the central disturbance, trans- 
porting energy away from the star 
system into space. The energy loss is 
paid for by a decay of the pulsar’s 
orbit, and it is this which the 
astronomers seem to have spotted. It 
is similar to deducing the existence 
of radio waves by observing the rise 
in one’s electricity bill when the 
transmitter is switched on. Although 
indirect, the discovery is nevertheless 
powerful support for the theory of 
relativity and is bound to attract a 
lot of scrutiny. Other theories of 
gravity exist, some of which also 
predict gravitational radiation, but 
in many of these the expected effect 
is considerably larger than that 
observed. One point which will 
receive attention is the fact that the 
relativistic formula that seems to be 
confirmed is actually only an ap- 
proximation. The theory of relativity 


peptides and proteins may well be 
prepared in this way. The DNA se- 
quence need only be synthesised once, 
Nature's own peptide synthesis mech- 
anism being useable ad infinitum (with 
careful checks for the absence of spon- 
taneous mutations). Moreover, it would 
be relatively simple to incorporate 
changes in the amino acid sequences 
of a protein (by altering the DNA se- 
quence) that might in turn alter its 
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is mathematically extremely com- 
plicated and non-linear, and there is 
some uncertainty over how accurate 
the existing approximation really is. 
There is clearly room for more 
theoretical work here. 

Gravitational waves have long been 
sought on Earth using metal bars or 
large crystals as detectors, The 
principle of these detectors, pioneered 
by Joseph Weber of the University 
of Maryland, is to measure a faint 
ringing sound as the space ripples 
sweep by. Gravity is so weak that 
even the strongest bursts of gravita- 
tional radiation expected from space 
will deliver less energy to the bar 
than would a lighted match held a 
million miles away. Tremendous 
advances in technology have been 
needed to overcome this daunting 
feebleness, and тапу physicists, 
despite some early evidence of success, 
believe that direct detection of 
gravity waves here on Earth is still 
some years away. However, new 
techniques, and new types of detector 
such as the laser interferometer, should 
eventually give birth to the new 
science of gravitational astronomy, 
enabling astronomers to look at the 
binary pulsar and other sources of 
gravity waves with gravity telescopes. 

The last great test of Einstein's 
general theory of relativity, by Sir 
Arthur Eddington in 1919, caused 
a public sensation when it was 
confirmed that the Sun's gravity bends 
starlight. The binary pulsar has been 
the first opportunity for the theory 
to be tested beyond its first-order 
corrections to Newtonian gravity, but 
physicists are treating this latest 
success with quiet satisfaction. Few 
seriously doubted the outcome. 
Nevertheless, it is fitting that the 
centenary of Einstein’s birth should 
see the confirmation of one of the 
more intriguing consequences of his 
work. 


P. C. W. Davies is in the Department of 
Mathematics, King's College, London. 





biological activity. 


Whereas synthesis of complete genes 
still requires a substantial investment 
of finance and personnel, there are 
several areas of molecular biology 
where the availability of short, 
sequence-specific oligodeoxyribonucleo- 
tides has made considerable impact 
recently. Particularly noteworthy is the 
use by C. A. Hutchinson et al. (J. biol. 
Chem. 253, 6551; 1978) of a 13-mer 
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complementary to part of the phage 
vX174 sequence in all but one nucleo- 
tide corresponding to the position of 
the am3 mutant. The oligonucleotide 
was incorporated into a complete, 
circular, complementary strand, when 
used as a primer on wild type DNA, 
with the deliberate G-T mismatch 
causing ап amber mutation in the 
newly synthesised strand. The use of 
mismatched’. oligonucleotide primers 
could in principle also be used to in- 
duce  transversions, insertions and 
deletions, and it is likely that site- 
specific mutagenesis by this and other 
techniques will be an area of great 
future activity. 

-Synthetic  oligodeoxyribonucleotides 
have also found increasing use in the 
analysis of DNA structure and func- 
tion. This topic has been recently re- 
viewed by R. Wu et al. (Prog. Nucleic 
Acids Res, molec. Biol. 21, 101; 1978) 
and includes applications to DNA se- 
quence analysis, the study of protein- 
DNA interactions, and the use of 
oligonucleotides as probes for genes 
and as tools for molecular cloning of 
DNA. Indeed the recent dramatic in- 
crease in the demand for synthetic 
DNA has only been partially met by 
the introduction of more rapid syn- 
thetic methodologies. Until commercial 
enterprise can meet this phenomenal 
demand some sort of DNA synthesis 
facility is now an important asset to 
laboratories involved in molecular 
biology. D 


Moscow revisited— 
laser fusion 1979 


from lan Spalding 


Ir is eight years since the European 
Conference on Laser Interaction with 
Matter (ECLIM) was last held in 
Moscow. At that time only a handful 
of visitors from the West contributed 
to an otherwise well-attended confer- 
ence; the practical importance for laser 
fusion of creating highly compressed 
DT targets (with densities much exceed- 
ing those normal in the solid state) was 
becoming increasingly stressed in the 
published literature, but the available 
laser technology was still relatively 
primitive. As a particular example, the 
energy then available from a state-of- 
the-art pulsed СО» laser was only 10 J, 
with a peak power of ~10MW! Of 
comparable importance, the absorption 
coefficient for radiation of wavelength 
À between } and 10 рт as a function 
of incident angle, polarisation and in- 
tensity, and as a function of plasma 





*ECLIM XII was held in Moscow's Polytechnic 
Museum on 11-15 December, 1978, 
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composition and initial distribution, had 
not been characterised in systematic ex- 
periments—nor were the existing 
measurements well coordinated with 
available theoretical (mostly analytic) 
models of relevant linear and non-linear 
interactions. Although no fundamental 
break-through was reported at the 
twelfth conference in the series held 
recently*, overall progress in the field 
has been significant and encouraging. 
Advances in laser technology over the 
past eight years have been particularly 
striking. 10kJ, 27 TW, Nd: glass and 
10 kJ, 20 TW, CO, laser systems have 
been successfully commissioned in the 
past year at the Lawrence Livermore 
and Los Alamos Scientific Laboratories 
respectively; all of the lum and 
approximately a quarter of the 10 um 
power has already been symmetrically 
focused onto gas-filled microballoon 
'exploding pusher' targets. DT neutron 
yield increases with incident Nd laser 
power to an (unoptimised) 3x10'* 
neutrons at 27 TW; scaling at both 
wavelengths fits quasi-analytic models. 
Significant thermonuclear burn will 
however require the experimental 
achievement of an isentropic com- 
pression of the target’s core, so more 
complex layered microballoon ‘ablative 
burn’ targets are now receiving increas- 
ing experimental attention. At incident 
powers <10° W, the KMS and 
KALMAR (Lebedev) Nd lasers have 
demonstrated compressions approach- 
ing X 35 (hydrogenic) solid-state densi- 
ties, using cryogenic targets and 
a-emission spectroscopy KMS claim 
that this compression is partly adiabatic. 
In summary, available ‘driver’ powers 
have increased tremendously over the 
past eight years—for СО, lasers by a 
factor of 10°; ideas advanced for larger 
systems (regenerative relayed ampli- 
fiers, stimulated Raman/Brillouin con- 
vertors and so оп) suggest that 
0.1~1 MJ drivers (predicted to be of 
practical interest) may well be oper- 
ational within the next decade. 
Developments in the understanding 
of laser-plasma interactions, and of the 
necessary diagnostic techniques, are 
equally impressive. Various groups have 
experimentally investigated the absorp- 
tion of laser light at wavelengths А of 
4, 4, Гапа 10 um, and at intensities 7 
within at least part of the range 
I— 10! — 10'* W cm^*; there now seems 
to be universal agreement that strong 
density-profile modifications are 
induced by radiation pressure effects 
when (/A7)-10" (W cm) um", and 
that resonance absorption significantly 
increases the total absorption co- 
efficient at the longer wavelengths. 
Related measurements suggest that 
much of the absorbed radiant energy is 
then converted to hot, non-thermal, 
electrons. Developments in two and 
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three-dimensional soliton theory, and 
in analytic modelling of strong turbu- 
lence by the Russian school, are equally 
impressive. The main topic for con- 
troversy appears to be the computer 
optimisation of target designs, where 
the avoidance of unwanted core pre- 
heating by the ‘hot’ electrons and of 
possible deviations from the desired 
symmetry of implosion (due to Ray- 
leigh-Taylor instabilities) poses signifi- 
cant modelling problems in tlie hydro- 
dynamic codes. The US prefer ‘thick’ 
(lower aspect ratio) double-shell designs 
to obviate both of these problems. The 
increasing tendency of American and 
Russian theoreticians to 'cross- 
calibrate' predictions from their codes 
against published experimental work 
seems therefore a noteworthy and 
potentially fruitful development. 

It is particularly interesting that 
Academician E. P. Velikhov took the 
opportunity of a round-table discussion 
(including proponents of electron-beam 
fusion and fission/fusion hybrids) to 
suggest that the time was ripe for a 
cooperative international venture in 
laser fusion, perhaps under the auspices 
of the IAEA. In making this personal 
suggestion, he cited the recent IAEA 
decision to initiate the Intor (ioint- 
Tokamak) study as a bold and historic 
venture. = 











І. J. Spalding is in the Experimental 
Division A. UKAEA, Culham Laboratory. 


Variations on 
a theme 


from Peter Newmark 


WirHOUT their analogues, synthetic or 
natural, insulin experimenters would 
soon be on the streets. Fortunately the 
chemist's ingenuity keeps ahead of the 
biologist’s appetite for quantity and 
variety. For it is through the applica- 
tion of old and new analogues that 
those attending a recent meeting* saw 
the eventual solution to most of the 
mystery still surrounding the actions of 
insulin. 

How exactly, for example, does 
insulin bind to its cell surface receptor? 
The combined powers of crystal- 
lography and analogue study have 
outlined the domain on the surface of 
the insulin which is implicated in 
binding—a domain which has never 
been so clear as in the computer- 
generated molecule presented by P. de 
Meyts (ICP, Brussels) and R. A. Feld- 
man (National Institutes of Health, 
Bethesda) (This film was not just a 


“А European Workshop on Insulin Structure 
organised at the ICP, Brussels, 13-15 December, 
1978 by P. De Meyts and D. Brandenburg. 
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remarkable travelogue around the 
surface of insulin but, since its images 
are generated from molecular X-ray 
coordinates it heralds a more accurate 
and far easier method of ‘building’ 
models than is now possible). Although 
the binding domain has been identified, 
the specific role and importance of 
individual amino acids within the 
domain remain uncertain. Certainty 
may come from new analogues. Per- 
haps the chemists will succeed in 
modifying one of the implicated 
amino acids in a minor way but with 
drastic consequences for binding. Or 
perhaps the isolation of а natural 
insulin analogue from some exotic 
species will spare the chemist’s toils. 

It would also help if the receptor for 
insulin were available in purified form. 
But that, according to L. Kuehn 
(Dusseldorf University), will require 
either a method of affinity chromato- 
graphy better than any now available, 
or an alternative, non-classical 
approach. Matters may be helped by 
the availability from the laboratory of 
D. Brandenburg (Deutsches Wollfors- 
chungsinstitut, Aachen) of  photo- 
affinity insulin probes for the receptor, 
which are now being put to use. 

Another very recent Aachen con- 
tribution is a series of covalent dimer 
insulins, potentially useful probes of 
the subunit structure of the receptor. 
Several varieties of covalent linkage 
are possible and A. Schuttler described 
their preparation from insulin mole- 
cules with protected end groups. 

Early data from the testing of the 
dimers in various biological systems 
have contained enough oddities to 
arouse even the most jaded analogue 
addict. In the adipocyte lipogenesis 
assay, for example, the activity of the 
dimer in which the linkage is between 
position 1 of the B chain of one mole- 
cule and position 29 of the B chain of 
the other is only very modestly 
reduced compared with native insulin 
(R. Jones & P. Sonksen, St Thomas's 
Hospital Medical School; Schuttler). 
Also, and against the usual correlative 
trend, the activity in vivo on blood 
glucose levels of this dimer was much 
lower than on lipogenesis in vitro and, 
for the activity observed in vivo, the 
blood clearance rate of the analogue 
was surprisingly high (Jones & 
Sonksen). 

The crystal structure of insulin is of 
course well established at high resolu- 
tion but as T. Blundell (Birkbeck 
College, London) emphasised, crystal- 
line insulin is in hexamer or dimer 
form which may not provide a good 
guide to the structure of the bio- 
logically active, soluble monomer. 
Early indications from a variety of 
sources suggest that insulin does have 
flexible surface groups whose structure 
changes considerably when insulin 
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polymerises contacts. According to 
Blundell the conformational flexibility 
seen in the crystalline insulin hexamer 
is not so evident in its stable-mate, 
pancreatic polypeptide IH, the high 
resolution structure of which is in the 
offing. 

With an inevitability characteristic of 
any peptide hormone meeting these 
days, matters were not complete with- 
out the externalisation of internalisa- 
tion. The most thorough contribution 
came from J. L. Carpentier (Ecole de 
Medicine, Geneva) The data he pre- 
sented showed convincingly that ['"I] 
insulin was internalised in lymphocytes 
and hepatocytes and, with time, 
accumulated in lysosomes and/or 
Golgi bodies. The ‘point’ of internal- 


ising insulin (and other hormones) 
remains enigmatic. There is no 
evidence for a functional role for 


insulin within the cell despite the 
somewhat surprising claim by Carpen- 
tier that the internalised hormone is 
largely undegraded and therefore 
potentially active. It must be recorded 
however that data from other less 
thorough studies was not all consistent 
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with internalisation. 

Finally J. Gliemann (Copenhagen 
University) showed that insulin mono- 
iodinated at A14 (tyrosine 14 of the A 
chain) had twice the affinity of the 
A19 isomer for the receptor on 
adipocytes, a factor of such conse- 
quence to some experiments that they 
will bear repeating when the pure А14 
isomer is available. Then there is a 
move to iodinate all analogues and to 
redetermine their binding parameters 
by direct instead of indirect means. 
And there are no end of interesting 
vertebrates whose insulin has yet to be 
sequenced—the latest to fall being the 
casiragua (R. Horuk, Birkbeck College) 
a rodent relative of the coypu and 
guinea pig. And still to be answered 
categorically is the question of whether 
invertebrates have insulin or some 
forerunner molecule. 

Insulin experimenters, the world is 
your oyster. Oysters, does your world 
have insulin? 





Peter Newmark is the Biological Sciences 
Editor of Nature. 


The world’s vanishing primates 


from Michael Kavanagh 


Tue International Primatological ` So- 
ciety this year held its Congress in 
Bangalore, India and in one of the 
satellite symposia* attention was fo- 
cused on the enormous problems 
facing primate conservationists іп 
neighbouring Bangladesh. The forests 
that are the natural home of the coun- 
try’s monkeys and apes are now almost 
entirely restricted to three areas in the 
centre and south of the country and 
they are being destroyed at an alarm- 
ing rate. None is totally protected and 
whereas the government estimates 
Bangladesh's forest area at about 8,600 
square miles, this figure is reduced to 
less than 3,000 square miles when tim- 
ber monocultures, tea estates, rubber 
plantations, grasslands, scrub and other 
man-made vegetation types are ex- 
cluded. ‘Common’ langurs (Presbytis 
entellus) seem to be extinct and there 
are estimated to be only about 35,500 
of the most abundant primate, the 
rhesus monkey (Macaca mulatta), left 
in the forests. A few more survive in 
the towns, but in contrast to India 
where wildlife is generally revered, 
Bangladesh is a country in which most 
people are ignorant about wild animals 
and regard them as dangerous or 
destructive objects to be killed or 





*Satellite Symposium on Primate Population 
Studies in India, Bangalore, India, 6-7 January, 
1979. Part of the УШ Congress of the Inter- 
national Primatological Society. 


persecuted in any way possible. In 
describing his country's situation, 
Ali Reza Khan stressed habitat destruc- 
tion and the lack of education about 
the natural heritage as the two major 
threats to primate conservation. Habitat 
destruction results from the needs of 
a human population that has reached 
an average density of 3,000 per square 
mile of land; and as far as education 
is concerned, Reza Khan reported that 
international help is desperately 
required for such basics as buying the 
books that Bangladesh cannot afford. 
He illustrated the Bengali attitude to 
wildlife with the story of a serow 
(Capricornis sumatraensis), a large, 
long-legged goat antelope, that 
wandered over the border from India. 
It was chased by a mob of thousands 
of people who attacked it with sticks 
and stones. Eventually the police 
intervened and took the animal into 
protective custody in the local jail until 
they could hand it over to the Forestry 
Department. 

In describing the plight of Bangla- 
desh’s primates and in calling for a 
moratorium on all exports at least until 
the primate populations have been 
thoroughly surveyed (a task in which 
he is involved), Reza Khan reflected 
the major concern that dominated the 
congress, Although the society is an 
academic body, no academic issue 
caught the minds of large numbers of 
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delegates in the way that was true of 
conservation. 

Inaugurating the congress, У. 
Ramalingaswami, President of the 
Indian National Science Academy, 
stated that half of the world’s 180 
non-human primate species were in 
danger of extinction and he called for 
a deeper understanding of primate 
biology in order to facilitate manage- 
ment for survival. He urged biomedical 
researchers only to use primate sub- 
jects where absolutely necessary and 
pointed out their common interest with 
conservationists in that both groups 
desire the preservation of primate 
populations. 

A Conservation Round Table, which 
was intended to last for a morning, con- 
tinued by demand of the participants 
throughout the afternoon with dele- 
gates offering summaries of the 
Situation in almost every country that 
has indigenous primates. In summing 
up this session in his report to the 
Business Meeting of the Society, Vice- 
president J. S. Gartlan struck several 
themes. First, education about con- 
servation appears to be a major need 
throughout much of the world. Where 
efforts have been made, the results have 
been encouraging. A case in point is 
Kenya, where the Wildlife Clubs are 
working successfully in schools. At a 
higher level, there is a need for the 
education of field staff (such as game 
rangers) in the developing countries. 
This must go hand in hand with the 
provision of incentives in terms of jobs 
and security. 

Second, the greatest threat to natural 
primate populations comes from habitat 
destruction, with trade and hunting for 
any purpose being of variable serious- 
ness in different areas. He contrasted 
India where wild animals are seldom 
molested with West Africa where 
hunting for protein is a major problem. 

Third, the outlook in any area can 
change rapidly, often due to govern- 
ment action. For example, Guyana still 
contains large areas of relatively un- 
disturbed forest in its interior, but the 
government has declared its intention 
to develop this land for human use 
including that of providing a site for a 
new national capital. Gartlan urged 
continual surveillance of parks and 
reserves to guard against encroach- 
ments or changes in their legal status. 

Fourth, management of the ecosytem 
is essential for a conserved area, and 
therefore any plans to create a national 
park or a reserve are worthless without 
such management. 

Gartlan’s fifth theme reflected the 
activist mood of the delegates. He 
pointed out that most wild primate 


АА 


Michael Kavanagh is a Senior Research 
Associate in the Department of Anatomy, 
University of Cambridge. 
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from David Chivers 

THE evergreen rain-forest that covers 
nearly half the land area of Peninsular 
Malaysia is rich in primates and other 
wildlife. There are three species of 
lesser ape, the siamang (Hylobates 
syndactylus) and lar gibbon (H. lar) 
with the agile gibbon (H. agilis) in 
the north, two species of macaque, 
the long-tailed macaque (Macaca 
fascicularis) and the  pig-tailed 
macaque (M. nemestrina), two species 
of leaf monkey, the dusky leaf 
monkey (Presbytis obscura) and the 
banded leaf monkey (P. melalophos), 
(with a third species, the silver leaf 
monkey (P. cristata) in the mangrove 
swamps of the west coast), and the 
prosimian slow loris (Nycticebus 
coucang). 

Habitat varies with altitude; the 
lowland Dipterocarp rain-forest has 
the most varied flora and fauna, and 
primates abound. The gibbons and 
leaf monkeys extend up into hill Dip- 
terocarp forest and  sub-montane 
formations, but the smaller gibbons 
and dusky leaf monkey are more 
restricted to the lower forests. Pig- 
tailed macaques show a preference 
for the higher, more remote forests, 
while the long-tailed macaques prefer 
riverine forest and disturbed habitats, 
in which they scavenge on the by- 
products of human society. 

Forest clearance poses the main 
treat to Malaysia's wildlife; timber 
is a valuable resource which has been 
over-exploited. There is increasing 
realisation that such benefits are 
short term, with possible disaster 
beyond. The maintenance of perma- 
nent forest reserve over about 45% 
of the Peninsula will, it is hoped, 
contain the increasing problems of 
flooding and soil erosion. The long- 
term economic benefit of sustained, 
light, selective logging, harvesting of 
other plant products, and cropping of 
various mammal species in such 
managed forests, and the benefits of 
protecting watersheds and organising 
tourism in undisturbed habitats re- 
main to be established. This needs to 
be coupled with the more efficient use 
of agricultural areas. 

Until this long-term equilibrium 
between man and wildlife is estab- 
lished there is the distressing problem 
of wildlife made homeless by clear- 
felling. Unless animals can be trans- 
ferred to other forests where numbers 
have been reduced by hunting, they 
are doomed. The Wildlife Department 


populations are to be found in tropical 
countries where much development is 
funded through international agencies. 
He suggested that modification of plans 


The primates of peninsular Malaysia 





have shown their interest in tackling:| 
this problem, and current research 
projects will, one hopes, provide guid- 
ance. 

The Game Department in Malaysia 
has been reorganised into the Depart- 
ment of Wildlife and National Parks, 
with the Chief Game Warden, Encik 
Mohamed Khan bin Momin Khan, 
KMN, as is Director-General: 
numerous research officers have been 
appointed, and a generous allocation 
of government funds has been made 
for conservation in the current quin- 
quennium under the Third Malaysia 
Plan. Apart from coordinating the 
conservation effort, with encourage- 
ment from the Malayan Nature 
Society, the department is also 
responsible to the Ministry of Science, 
Technology and Environment for 
maintaining national parks and 
game reserves and enforcing the 
rigorous laws that protect Malaysia’s 
wildlife. Only M. fascicularis is 
exported at present, at a rate of less] 
than 10,000 a year. More information 
is needed urgently to assess the effect 
of this on the wild population, 
whether the export of any other 
species can be justified for essential | 
medical research and, if so, in what 
numbers. 

It is against this background that 
a 3-year programme of collaborative 
research between Universiti Pertanian | 
Malaysia, Universiti Kebangsaan | 
Malaysia and the University of Cam- | 
bridge was started in July 1978, 
assisted with funds from the US 
Public Health Service, the L. S, B. 
Leakey Foundation and The Royal 
Society. The main aims are to study 
the socio-ecology of the lesser-known 
species such as the slow loris and the 
pig-tailed macaque, and to assess the 
distribution and habitat preferences 
of each species throughout the pen- 
insula. The intention is to determine 
precisely the effects of different de- 
grees and types of habitat disturbance 
on primate populations. Laboratory 
studies on many aspects of the hiology 
of the indigenous primates will be 
made using animals displaced by 
forest clearance. These studies should 
provide the information essential for 
their conservation in both natural 
and disturbed habitats. 




















































David Chivers is in the Sub-Department 
of Veterinary Anatomy, University of 
Cambridge. 










at an early stage could often be of 
benefit to primate conservation and 
that therefore the International Prima- 
tological Society should develop an 
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early warning system by monitoring 
international agency intentions. The 
possibility would then be open for 
members in areas to be affected to 
comment constructively to the benefit 
of conservation requirements. 

Finally, he pointed out the failure 
of many countries to sign the Washing- 
ten Convention on International Trade 
in Endangered Species. Austria, Italy 
and Belgium have not signed, and as 
a result Europe is a major centre for 
the smuggling of endangered primates. 
Similarly, Japan has failed to sign and, 
according to Gartlan, is a major market 
for endangered species. 

Many delegates volunteered to 
participate in a network of prima- 
tologists who may be called on for a 
coordinated letter-writing campaign 
whenever a conservation crisis threa- 
tens. The hope is that evidence of 
worldwide | concern will persuade 
national agencies to modify develop- 
ment plans that threaten primate 
populations. In my experience, con- 
servation is always a major issue at 
meetings of the International Primato- 
logical Society, but never before has 
there been such a general sense of 
urgency. m 


Compensation of 
Doppler-broadening 
using light shifts 


from Peter Knight 


A NOVEL technique has been developed 
by Cohen-Tannoudji and his colleagues 
at the Ecole Normale Supérieure and 
Collége de France to produce Doppler- 
free optical emission with highly aniso- 
tropic spectral properties. Normally a 
cell of excited atoms in random motion 
will produce an optical field by spon- 
taneous emission whose spectrum is 
isotropic: no matter which end you 
look at with a spectrometer, the radi- 
ation will be seen to be broadened by 
Doppler effects to a width typically 
many times larger than the natural 
single-atom width, Cohen-Tannoudji 
has found ways to pump a cell of 
atoms in random motion with an in- 
tense laser field so that the atom can 
emit (or absorb) radiation without 
Doppler broadening. The radiation 
from such pumped atoms is Doppler- 
free in the forward direction with 
respect to the laser field with a width 
governed by the homogenous (natural 
and collisional) lifetime. In the back- 
ward direction the radiation is broad- 





Peter Knight is SRC Advanced Fellow at 
Royal Holloway College, University of 
London. 
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Fig. 1 Energy level scheme for Dop- 
pler broadening compensation by light 
shift perturbations. Levels b and c 
are Zeeman split by a magnetic field. 
A circularly polarised laser excites the 


ab+ transitions and the linearly- 
polarised emission from c. to a is 
detected. 


ened in excess of the Doppler-width. 
The process operates by compensating 
for the Doppler velocity-dependent of 
transition frequencies by shifting and 
splitting the atomic levels in a balanc- 
ing velocity-dependent manner by in- 
teraction with a saturating laser field 
on a connecting laser transition shar- 
ing a common lower level (Fig. 1). 
Cohen-Tannoudji's first proposal, 
made at a symposium on frequency 
standards in 1976, required the use of 
two saturating laser fields. An optical 
field detuned by an amount @ from a 
transition frequency of an atom at rest 
in the laboratory will shift the tran- 
sition frequency to a new intensity- 
dependent ‘dressed’ frequency by a 
dynamic Stark shift (Nature 265, 683: 
1977) which ‘has a dispersion shape. A 
second laser field detuned an amount 
« in the opposite direction will pro- 
duce an equal and opposite Stark shift. 
The frequency pushing balances the 
pulling, and for this zero-velocity atom 
there is no intensity-dependent dynamic 
Stark shift, or ‘light shift. For an 
atom with non-zero velocity, then in 
the atomic rest frame the atom is 
illuminated by two laser fields with 
unequal detuning, and the light shifts 
do not balance out to zero. The laser 
perturbation of transition frequencies 
is velocity-dependent, and a careful 
choice of intensity could counteract 
the Doppler shift of emission lines. 
Together with Hoffbeck and Reynaud. 
Cohen-Tannoudji (Opt. Comm. 27, 71: 
1978) has discussed how the same 
effect can be produced using one satu- 
rating laser field interacting resonantly 
with two symmetrically detuned atomic 
transitions separated by a Zeeman 
splitting (Fig. 1). In Fig. 1. a circularly 
polarised laser at frequency @ excites 
the ab. and ab- transitions which have 
frequencies о + and w—5 where д is 
the Zeeman splitting caused by a mag- 
netic field. Each of the transitions 
light-shifts the level а (and b+). Again 
for an atom at rest in the laboratory 
with v—0 these light-shifts cancel, but 
for v#0 the atomic transition fre- 
quencies are intensity-dependent and 
velocity-dependent in a way that can 
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balance the Doppler shift of emitted 
lines. For example if the atom sketched 
in Fig. 1 were weakly excited by a 
discharge so that radiation were 
emitted in decaying from another level 
(way out of resonance with the pump 
laser on the ab line) c, down to a, the 
emitted light would be Doppler-shifted 
by a factor (1—v/c) in the forward 
direction. But if the energy level a were 
to be light-shifted in a velocity- 
dependent way as explained, this could 
shift the ac, transition frequency to 
compensate for the Doppler shift in the 
forward direction. If this can be 
arranged for a large enough fraction 
of the atoms with a spread of vel- 
ocities, then a significant proportion of 
the ac, transition radiation will be 
Doppler-free and hence narrowband. 
Conversely, in the reverse direction the 
Doppler shift factor is (l--v/c) and 
the light shift reinforces the Doppler 
shift, broadening the line to perhaps 
even double the conventional Doppler 
width. The special profile of the radi- 
ation produced by this 'dressed' three- 
level system is highly anisotropic. 
Cohen-Tannoudji et al. have deter- 
mined analytical criteria for Doppler- 
compensation and discuss the spectra 
of the emitted light and the way in 
which the intensity-dependent dressing 
interactions modify the spectrum of the 
emitted radiation in the forward 
direction and produce dynamic-Stark 
split satellite lines (which they neatly 
explain in terms of inverse Raman 
scattering). 

Two distinct cases are discussed: 
partial Doppler compensation for 
modest laser intensities, where three 
narrow structures are predicted, and 
full Doppler compensation for more 
intense fields where the spectral profile 
contains a sharp Doppler-free central 
component and two small Doppler- 
broadened sidebands. An interesting 
feature is that the narrowing is entirely 
due to the energy perturbation of the 
final state of the transition. The width 
of the narrow line is governed by para- 
meters such as natural lifetime and 
collision rates and does not exhibit 
power-broadening even at high inten- 
sities. Other early work on the can- 
cellation of Doppler shifts by a light 
shift almost linearly dependent on the 
atomic velocity was reported by 
Toschek at the 1975 Les Houches 
meeting (Frontiers in Laser Spec- 
troscopy 1, 329, North Holland, 1977). 

Experimental work in progress at 
ENS using dye laser excitation of ?Ne 
at 6,163 А in a magnetic field (to pro- 
duce the two oppositely detuned Zee- 
man transitions) and monitoring 
emission from the third level (c, in 
Fig. 1) has observed the partial Doppler 
compensation. The emission features 
in zero magnetic field (a doublet pro- 
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duced by the dynamic-Stark splitting 
of level a by the dye laser field) de- 
velops a narrow central feature as the 
magnetic field is increased, as predicted 
by Cohen-Tannoudji et al. The work 
has novel implications for Doppler-free 


superradiance, the observation of 
Doppler-free coherent transients, and 
predicts striking forward-backward 
asymmetries in spectral profiles of 
great interest in intracavity ring sys- 
tems. 0 


Interferon and double-stranded RNA 


from John Morser and Derek Burke 


THE pas de deux between interferon 
and double-stranded RNA (dsRNA) 
continues (see News and Views 
273, 97; 1978). It has been known for 
many years that treatment of cells with 
double-stranded RNA induces inter- 
feron. It now seems likely that viruses 
also induce interferon by virtue of their 
ability to make double-stranded RNA, 
as shown by the elegant study of 
Marcus and Sekellick (Nature 266, 815; 
1977), although additional factors 
might also be involved (see Kowal & 
Youngner Virology 90, 90; 1978). When 
either double-stranded RNAs or viruses 
are used as inducers, the interferon 
yield can often be increased by pre- 
treatment of cells with interferon 
(‘priming’). Priming is specific for in- 
terferon and it may often turn a 
non-inducible system into an interferon- 
producing system. Some cells, notably 
mouse L cells, also show a pronounced 
cytotoxicity when treated with inter- 
feron and double-stranded RNA 
(Stewart et al. Proc. natn. Acad. Sci. 
U.S.A. 69, 1851; 1972). Since such cells 
also produce interferon, interferon is 
being synthesised by cells undergoing 
pronounced cytotoxic damage. Finally, 
when interferon-treated cells are ex- 
posed to double-stranded RNA, trans- 
lation is blocked, and a series of recent 
papers (Kerr & Brown Proc. natn. 
Acad. Sci. U.S.A. 75, 256; 1978; Ball & 
White Proc. natn. Acad. Sci. U.S.A. 
75, 1167; 1978; Lewis et al. Eur. J. 
Biochem. 86, 497; 1978; Schmidt et al. 
FEBS Lett. 95, 257; 1978; Farrell er al. 
Proc. natn. Acad. Sci. U.S.A. 75, 5893; 


1978) shows that at least two separate. 


mechanisms are involved. One involves 
the activation of a protein kinase that 


phosphorylates, and consequently in- 
activates the initiation factor eIF-2, 
and the other involves the formation of 
рррА2°р5'А2'р5’А ('two-five A") which 
in turn activates a constitutive inactive 
endonuclease that degrades mRNA 
(see diagram). 

These effects of interferon require 
the presence of chromosome 21 in 
human cells, probably to make the 
interferon receptor on the cell surface. 
Both pathways that lead to inhibition 
of protein synthesis require ATP: the 
pathway resulting in inhibition of pep- 
tide chain initiation for the activation 
of the protein kinase system, and the 
one resulting in mRNA degradation to 
synthesise two-five A by the interferon- 
induced oligo-isoadenylate synthetase. 
The scheme reveals a paradox: cells in 
which protein synthesis has been im- 
paired by two separate mechanisms are 
also the cells in which interferon 
mRNA is being actively translated. 
How can a new protein be formed in 
such cells? Are any of the intermediates 
involved in the induction of the 
interferon gene? The enzyme that 
synthesises two-five A is possibly one 
candidate, since it complexes sufficiently 
well with double-stranded RNA for 
that to be used as a purification method 
(Hovanessian et al. Nature 268, 537; 
1977), and seems to be present in small 
amounts in cells which have not yet 
been exposed to interferon. 

One generalisation can be made, 
however. Interferon sensitises the cell 
to double-stranded RNA—so that a 
series of processes which previously 
occurred either not at all, or at low 
levels, is now activated. Perhaps this 
is the control function of interferon— 


Interferon-treated cells -- ds RNA 
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to tell the cells to respond to dsRNA 
—either added as a synthetic dsRNA 
(poly (rD-poly (rC)) or formed as a by- 
product of virus multiplication. 

It is well known that reticulocyte 
lysates are exquisitely sensitive to the 
effect of dsRNA, much more sensitive 
than are cell-free systems made from 
normal cells and as sensitive as cell- 
free systems made from interferon- 
treated cells. Hunt (News and Views 
Op. cit.) has suggested that this 18 be- 
cause erythrocyte differentiation de- 
pends on exposure to interferon at 
some stage. Certainly interferon antag- 
onises the effect of colony-stimulating 
factor, inhibits the growth of haemo- 
poetic colony-forming cells and inter- 
feres with the normal differentiation of 
granulocyte-macrophage precursors 
(McNeil & Fleming in The Interferon 
System: а Current Review. to 1978, 
Texas Reports on Biology & Medicine 
(eds Baron & Dianzani) 343; 1978). In- 
terferon also inhibits the expression of 
erythroid differentiation in Friend 
leukaemia cells treated with dimethyl- 
sulphoxide (Rossi et al. ibid page 420). 

If interferon is involved in any way 
in differentiation, is this the reason why 
the interferon system is an indücible 
rather than a constitutive svstem and 
why it is completely uninducible in 
mouse  teratocarcinoma stem cells 
(Burke er al. Cell 13, 243; 1978)? Per- 
haps dsRNA is a pleiotropic effector, 
but only active in interferon-treated 
cells? We do not yet know the answers 
to these questions, but perhaps we 
should look harder for double-stranded 
RNA elsewhere. Г] 


J. Morser is a lecturer and D. C. Burke 
is Professor in the Department of Bio- 
logical Sciences, University of Warwick. 





Radioactive waste 
management 


from 5. Weisenburger 


THIS interdisciplinary meeting*, cover- 
ing a broad range of topics, from the 
processing, solidification, and character- 
isation to the isolation of radioactive 
wastes arising from the nuclear fuel 
cycle was devoted especially to scientific 
research aspects of radioactive waste 
management. These aspects have often 
been relegated to the sidelines in inter- 
national gatherings chiefly concerned 
with systems management. 

A general review on the manage- 
ment of nuclear waste by Rustum Roy 








*An International Symposium on ‘Science 
underlying waste management’ was held in 
Boston оп 28 November- December, 1978 and 
sponsored by the Materials Research Society. The 
proceedings will be available in Spring, 1979. 
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(Pennsylvania State University) ranged 
from the selection of suitable matrix 
materials for different types of nuclear 
wastes to geological considerations rele- 
vant to nuclear waste storage. 

Several schemes of radioactive waste 
solidification are currently under con- 
sideration. Most papers dealt with 
matrix materials for high-level radio- 
active waste (HLW). The techno- 
logically most advanced solidification 
process for HLW is vitrification, which 
is already in use (for example the 
French AVM process). However, there 
are still very intensive research and 
development efforts aimed at putting 
the waste into solid forms other than 


glass, thus providing even better 
barriers, 
Processes based оп  multibarrier 


encapsulation concepts were also pre- 
sented. An alternative approach is to 
incorporate the radionuclides into 
minerals (or a synthetic host simulating 
a mineral) known to have been stable 
for millions of years in the past. 
The fixation of HLW in cermet form 
with an iron-nickel base was also con- 
sidered. Multibarrier encapsulation 
relies on up to three barriers to isolate 
radionuclides from the environment: a 
solid waste inner core, an impervious 
coating and a metal matrix. Two candi- 
date materials for the inner core have 
been suggested: sintered ceramic and 
glass marbles. If it were desirable to 
produce a waste form with enhanced 
inertnes (compared to monolithic glass) 
but with minimum technological com- 
plexity, then glass marbles encapsulated 
in a vacuum-cast lead alloy was recom- 
mended for further development. 

An example of incorporating HLW 
into minerals is the SYNROC-process 
which has been developed on a labora- 
tory scale, SYNROC is a synthetic rock 
composed of phases such as hollandite, 
cubic zirconia, perovskite and celsian 
and its bulk composition is character- 
ised by a high content of TiO. (35%) 
and a low content of SiO. (12%). 
Calcined HLW can be added to 
SYNROC-melts and the mineral 
assemblage can be formed by direct 
crystallisation from a melt cooled below 
1300 °C, or by hot pressing under sub- 
solidus conditions at 1100-1250 °C. 
The product is considered to be highly 
resistant to alteration and leaching in 
any geological environment. The 
SYNROC process is far from ready to 
be put into practice in an engineering 
sense and some important aspects are 
not entirely clear. 

Many papers dealt with the 
characteristics of nuclear waste in 
forms including glass, glass-ceramic, 





5. Weisenburger is a research staff mem- 
ber of the Nuclear Research Centre, 
Karlsruhe, Germany. 


ceramic, minerals, cement, and con- 
crete. Besides microstructural charac- 
terisation, the measurements of leach 
rates and leach mechanism of solid 
radioactive waste forms were of major 
concern. Detailed knowledge about 
leaching is required to establish which 
are the hazardous radionuclides if and 
when the waste comes into contact with 
A leaching medium. The specific radio- 
nuclides of concern are relatively few 
(Cs, "Sr, rare earths, actinides). It 
was shown that the leaching process 
can be highly complex and that the 
chemistry of nuclear waste glass re- 
actions must take into account a multi- 
tude of diffusing species, as well as 
changes in the leach interface, and that 
the solvent chemistry may not remain 
constant throughout a test run. 
Expressions were given which fit the 
leach data and which were based оп 
diffusion models in combination with 
other influences (time-dependent sur- 
face concentration of mobile species, 
dissolution and precipitation of mobile 
species, dissolution of matrix material). 
A relatively new method was described 
which allows measurements of com- 
positional profiles in the leached waste 
material using ion beam spectro- 
chemical analysis. 

The main subject of the presentations 
dealing with radioactive waste in geo- 
logical settings was the detailed analysis 
of the interaction of waste glass with 
the geological environment. The most 
credible scenario for rapid mobilisation 
of the radionuclides contained in the 
waste is dissolution due to mobility of 
indigenous water in the host rock or 
intrusion of ground water in the re- 
pository. The combination of radio- 
active decay heat (in the first few 
hundred years) and pressure would then 
create a ‘hydrothermal’ environment 
(up to 400°C, 300 bar) that may 
accelerate corrosion and breaching of 
canisters. Results of experimental work 
show that the hydrothermally reacted 
glass forms complex produces. Under 
the applied experimental conditions the 
glass tends to convert to a substantial 
extent into crystalline phases (50%), 
the major component being NaFeSi.O;. 
Bulk X-ray fluorescence analysis of the 
surface of the reacted glass had shown 
that Cs, Rb, and Mo were significantly 


leached into the aqueous phase. 
Methods were proposed to protect re- 
active waste from hydrothermal 


conditions or to produce waste forms 
which can withstand such conditions 
(multibarrier waste isolation shows 
significant promise). 

Thirteen papers dealt with radio- 
nuclide transport phenomena in geo- 
media. There is still a paucity of quanti- 
tative estimates of the various geo- 
logical materials’ ability to retard 
nuclide movement, but progress does 
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appear to have been made in estab- 
lishing a data bank for sorption and 
migration of radionuclides in different 
geological media. These data are 
urgently needed as part of the input 
for modelling and safety assessment of 
geological waste repositories. A number 
of thermodynamic as well as kinetic 
parameters influence sorption апа 
migration data and it is now being 
realised that the numerous experimental 
designs used for their measurement 
should be replaced by standard tech- 
niques. Any prediction of the long-term 
sorption and migration behaviour of 
the radionuclides, must take into 
account the effects of specific variables 
such as permeability, porosity, cation 
exchange capacity, particle size and sur- 
face area. 

Modelling and safety assessment is 
mainly concerned with detailed analyses 
of the full spectrum of phenomena 
which alone or in consort, could con- 
ceivably lead to significant leaching. 
Results were presented from a pilot 
computer program based on a model 
for a geological system containing a 
waste repository. 

To summarise, the symposium 
showed that extensive scientific research 
is being done in the field of nuclear 
waste management. However, it is also 
clear that much more research and 
development is required before the 
behaviour of radioactive waste is fully 
understood. [1 


A hundred years ago 


We learn from the Journal de St. 
Petersburg that the epidemic in Astra- 
kan was discussed before the Russian 
Medical Society at a gathering where 
800 were present. It seems that the 
people call it the plague, though it is 
not officially so known. M. Botkine 
mentioned that at the time of the last 
plague at Moscow in 1770, the question 
was discussed whether it was the true 
plague or a marked form of typhus, and 
he added that the diagnosis of the 
various forms of typhoid infection in 
Russia is very difficult. He believes that 
the spots on the body and the quickness 
with which death follows indicate that 
the present epidemic of Vetlianka is 
not a European malady. Dr. Nicolaiew, 
describing the symptomatology of the 
plague, said that its action is both 
physical and moral, and that to impose 
quarantine often helps rather than re- 
tards the spread of the disease by the 
fear it awakens. 


From Nature 19 6 February, 325; 1879. 
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Measurements of general relativistic 
effects in the binary pulsar PSR1913 + 16 


J. H. Taylor, L. A. Fowler & P. M. McCulloch* 


Department of Physics and Astronomy, University of Massachusetts, Amherst, Massachusetts 01003 








Measurements of second- and third-order relativistic effects 
in the orbit of binary pulsar PSR1913 + 16 have yielded 
self-consistent estimates of the masses of the pulsar and its 
companion, quantitative confirmation of the existence of 
gravitational radiation at the level predicted by general 
relativity, and detection of geodetic precession of the pulsar 
spin axis. 





THE earliest observations of binary pulsar PSR1913+16 
showed that, because its orbit involved large velocities (v/c == 
1077), a high eccentricity (e —0.617), and relatively strong 
gravitational fields (GM/ c?r == 1075), several special and general 
relativistic effects should eventually be observable'. The 
advance of periastron (at the rate ш = 4.2 deg уг!) was the first 
of these effects to be measured", and the rate of advance has now 
been determined to better than 0.1% accuracy^^. We report 
here the detection of four more effects of relativistic origin, 
including quantitative measurements of three of them. Together 
with the much larger effects already measured, the new 
parameters over-determine the system and provide: (1) the first 
determination of the mass of a radio frequency pulsar; (2) 
constraints on the nature of the companion star, and a 
measurement of its mass; (3) determination of the angle of 
inclination between the plane of the orbit and the plane of the 
sky; (4) quantitative confirmation of the existence of gravita- 
tional radiation at the level predicted by general relativity; and 
(5) qualitative observation of geodetic precession of the pulsar 
spin axis. The data are consistent with the general theory of 
relativity and provide some strong constraints on any alternative 
theory of gravitation. 


Pulse arrival-time data 


Most of the new information comes as the result of pulse 
arrival-time measurements, which now comprise approximately 
1,000 observations spanning 4.1 yr. The data were obtained at 
frequencies near 430 and 1,410 MHz, using the 305-m radio 
telescope at Arecibo, Puerto Rico. The normal observing pro- 
cedure involves adding together approximately 5,000 pulses, 
using a pre-computed ephemeris to define the expected pulsa- 
tion period. The resulting mean pulse profile is then fitted by the 
method of least squares to a long-term average 'standard 
profile', to obtain the precise pulse arrival time. Because of 
improvements in equipment and techniques between 1974 and 
1978, our timing accuracy has gradually improved?? from 
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~I ms to ~50 us. Data have been acquired at intervals not 
exceeding 7 months, and in spite of the short period of the pulsar 
(P = 0.059 s), there has been no problem in keeping track of the 
number of elapsed pulse periods. 

Our analysis of the timing data fcllows the formulation of 
Epstein®, and proceeds by the following steps. First, the pulse 
arrival times are corrected from the Iccation of the observatory 
to the barycentre of the Solar System, including a relativistic 
clock correction to account for annual changes in gravitational 
potential at the Earth. A correction is then made for the 
dispersive delay in the interstellar medium, using the frequency 
of observation as Doppler-shifted by the Earth's motion. 
Finally, the proper time 4, in the pilsar's reference frame is 
obtained by correcting for (1) the projection onto the line of 


Table 1 Parameters derived trom timing data 








Right ascension (1950.0) а = 1913 min 12.474 s:: 0.004 & 
Declination (1950.0) § = 16? 81' 08702 + 0706 
Period Р =0.059029995269 +2 


P-(8.64x0.02)x 107? 477 
4, sin i= 2.3424 x 0.0007 light s 
e = 0.617155 20.000007 
P, = 27986.98172 + 0.00005 s 
wo = 178.864 +0.002° 
To = ID 2442321.433206 + 0.000001 
à = 4.225 + 0.002 deg yr” 


Derivative of period 
Projected semimajor axis 
Orbital eccentricity 
Binary orbit period 
Longitude of periastron 
Time of periastron passage 
Rate of advance of perias- 
tron 
Transverse Doppler and 
gravitational redshift 
Sine of inclination angle 
Derivative of orbit period 


y = 0.0047 + 0.0007 s 
sin i =0.81+0.16 
Б, = (-3.2£0.6)% 107 ¢ 57 





Quoted uncertainties are twice the formal standard errors from the 
least-squares fit. 


sight of the pulsar's orbital position, (Z) the integrated effects of 
gravitational redshift and transverse I*oppler shift in the highly 
eccentric pulsar orbit, and (3) the gravitational propagation 
delay. These three corrections have magnitudes of order (v/c), 
(v/cY. and (о/с)? times the orbital period, respectively. On the 
basis of initial guesses for the various parameters that enter the 
timing equation (see Table 1), the pulsar phrase at the time of 
Observation can be predicted from the relationship 


$ = bot t/P - P P?) (1) 


This phase should be very close to an integer; the difference, or 
phase residual in periods, is used in a least-squares solution for 
improved values of the model parameters. 

As indicated in Table 1, our timing model contains 13 
parameters of physical interest, all of which must be determined 
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Orbit phase 


Fig.1 Differences between observed and computed pulse arrival 

times for PSR1913+16, after averaging the data into 20 equal 

intervals of orbit phase for each of two observing frequencies: lil. 

430 MHz; O, 1,410 MHz. Parameter values listed in Table 1 were 

assumed for the computations, together with a dispersion measure 
of 171.64 cm ? pc. 


from the timing data. The parameters include the celestial 
coordinates of the system a and 6; the period and period 
derivative of the pular ‘clock’, P and P; five Keplerian orbit 
parameters; and four parameters which measure effects of 
special and general relativistic origin. In addition to the advance 
of periastron, the relativistic terms include y, which measures 
the variable part of the time delays contributed by transverse 
Doppler shift and gravitational redshift; sin i, the sine of the 
angle of inclination between the orbit and the plane of the sky, 
which is measurable because of its influence on both the gravita- 
tional propagation delay and the post-newtonian corrections to 
the elliptical orbit; and P,, the rate of change of orbital period. 
Further détails concerning the timing model and methods of 
treating the data may be found elsewhere? *. 

Parameter values based on data acquired through October 
1978 are listed in Table 1. The weighted root mean square 
deviation of the 837 arrival-time measurements about the fitting 
function is 80 us. In an attempt to search for possible low-level 
systematic departures of the data from the model, the residuals 
were averaged in 20 equally spaced segments of orbit phase. The 
resulting phase-averaged residuals are plotted in Fig. 1, with 
430 MHz data and 1,410 MHz data shown separately. The 
points seem to be scattered at random about the zero line, with 
no phase dependent errors exceeding ~20 us. We conclude that 
the timing model being used provides an exact fit to the data, 
within our measurement uncertainties, and therefore that no 
significant effects have been omitted from the analysis. 

Except for c, the relativistic parameters have not previously 
been measurable to useful accuracies. As shown in Table 1, all of 
them have now been determined to within <20% accuracy. The 





Orbit phase shift (s) 








Fig. 2 Curves to delimit possible masses of the pulsar and its 
companion, based on the observed values of y, sin i and P,. On 
these criteria, the most probable masses lie in the shaded region. 
The sloping straight line is the locus of all mass pairs for which the 
general relativistic contribution to œ is the observed value, 
4.266 deg уг 1. The emphasised portion of this line is consistent 
with the measured values of y and sin i and very close to the 
measured value of P,; it probably represents the best availabie 
estimates of the masses. 
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most uncertain of the four quantities is sin i, because the terms in 
the timing equation on which it depends have the smallest 
amplitude®”’, of order P,(v/c)? = 30 us. Because this amplitude 
is somewhat smaller than the typical individual measurement 
uncertainties, we performed an F-test for the significance of 
including sini in the fit. The test gives a positive result at the 
95% confidence level, and thus we believe that the value quoted 
for sin i is valid. 

Together with the well determined Keplerian parameters, the 
values of y, sin i and P, provide strong constraints on the masses 
of the pulsar and its companion (m, and Mma respectively). These 
constraints can be illustrated conveniently in a diagram of pulsar 
mass against companion mass, as shown in Fig. 2. In constructing 
this figure we have used the relationships 


y - 0.002951 (5) (Pe 2me) (meme 7 s (2) 








Mo Mo Ms 
А m! m, m. 2/3 
sin i= 0.5083 (7) (a) (3) 
в, = лоха Mette Met ms) 7 ss (4) 
Mi Ms 
+ Ü 2/3 
don =2.11( 5") deg yc (5) 


which follow directly from equations summarised in ref. 3 and 
the parameters given in Table 1. Curves have been plotted in 
Fig. 2 bracketing the range of values of y, sin į and P, consistent 
with the data; they suggest a combination of pulsar mass and 
companion mass somewhere within the shaded region, that is 
m, m,71.6 Mo. According to equation (5), one would then 
expect to observe @ = 4.58 deg yr '. Because the observed 
value of & is well determined at ~10% less than this value, it 
seems that a much more probable solution for the masses lies 
somewhere along the emphasised portion of the sloping straight 
line, such that m, = 1.39: 0.15 Mo, т. = 1.44 x 0.15 Mo, and 
that the observed rate of periastron advance is entirely caused by 
the general relativistic effect. In this case, the observed magni- 
tude of P, agrees with the value expected from gravitational 
radiation damping to within a factor 1.3+0.3. There is no 
compelling evidence for significant tidal or rotationally-induced 
contributions to œ. 

Undoubtedly the most important new result of this work is the 
measurement of P, with the sign and magnitude expected on the 
basis of gravitational radiation within general relativity. The 
validity of the measurement is clearly shown in Fig. 3, which 
shows the accumulating orbit phase error caused by assuming P, 
fixed at its 1974.9 value, that is P, = 0. The measured points 
(which correspond to separate determinations of the time of 
periastron passage, To, for each of seven major observing 
sessions) are not well fit by a straight line. However, they fall 
very close to the plotted parabola, which represents the general 
relativistic prediction for m,-m.-1.41 Мо according to 
equation (4). The data thus provide a striking confirmation of a 
longstanding prediction of the general theory of relativity, and 
an indirect proof of the existence of gravitational waves carrying 
energy away from the orbiting system. 

Other possible contributions to P, seem to be implausible, ad 
hoc, or of negligible magnitude. For example, differential galac- 
tic rotation and mass loss from the system contribute at most 
about ~1% (refs 9, 16, 21) of the observed value of P,. If the (as 
yet unidentified) companion object is a neutron star or a black 
hole, then tidal dissipation is also of no significance. Tidal effects 
could be important in a white dwarf companion, but the only 
white dwarfs consistent with œ = 4.266 йер уг”! have either 
rapid rotation? or masses close to the Chandrasekhar limit. Such 
stars would produce either positive or negligible contribu- 
tions??? to P,. We conclude that the only straightforward 
interpretation of the observed orbital decay is in terms of 
gravitational radiation damping. 
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Gravitational radiation 


It has already been pointed out!!! that most theories of gravity 
other than general relativity predict dipole gravitational radia- 
tion from an orbiting system like PSR1913+16. In these 
theories, the predicted dipole radiation is considerably larger 
than the quadrupole radiation in general relativity, and in some 
theories it even carries energy of the opposite ѕірп!!. Unless the 
two orbiting stars are within a few per cent of being identical in 
their ratios of gravitational binding energy to inertial mass (in 
which case the dipole radiation term vanishes) it is difficult to 
reconcile our measurement of P, with any such theory. The data 


Companion mass (Ме) 





о 1.0 2.0 3.0 
Pulsar mass (Ме) 


Fig. 3 The points represent measured orbital phase errors caused 

by assuming a fixed value of P,. Uncertainties associated with each 

point are comparable with or smaller than the point itself. The 

plotted curve corresponds to the orbital period derivative predic- 
ted by general relativity if my = m, = 1.41 Mo. 


are also inconsistent with the suggestion that gravitational waves 
may be composed of half-retarded, half-advanced potentials, 
and would therefore carry no energy at all’. 

An argument has been put forth!*"* that a formula for energy 
loss due to gravitational radiation has not yet been derived 
consistently within general relativity, and that the quadrupole 
formula used'^'^ to derive equation (4) may be inaccurate 
because it ignores nonlinearities caused by radiation-reaction 
forces. As shown in Fig. 2, our data suggest that any such 
inaccuracy is not very large. The uncertainty associated with P, 
will decrease rapidly with continued measurements over the 
next few years, so it will soon become evident if there is any 
significance to the small apparent discrepancy. 

The new mass determinations are consistent with current 
ideas about neutron star structure and formation and with the 
hypothesis, based on evolutionary grounds, that the binary 
system consists of two neutron stars?!^!*, A main sequence 
helium star’? can now be ruled out as a companion, because 
it would require P,~—0.5107'?, about one-sixth of the 
observed value. 

General relativity also predicts 
geodetic spin-orbit coupling should cause the pulsar spin axis to 
precess at a rate (), = осв = 1 deg уг”. According to currently 
viable pulsar theories, a double-peaked pulse shape such as that 
observed for PSR1913 +16 is probably caused by the rotation 
through our line of sight of a hollow cone of beamed emission. 
Thus, as the spin axis precesses, we should expect to observe 
different cuts through the radiation beam, probably accom- 
panied by changes in pulse width and/or shape. 

Such an effect has now been observed, as shown in Fig. 4. 
Here we plot the average pulse profiles observed in July 1977, 


15,20,24 


that in this system | 
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Fig. 4 Pulse profiles observed at 430 MHz in July 1977 (dotted 

line) and June (dashed line) and Octo»er (solid line) 1978. The 

central component has been gradually moving to the left and 

becoming broader, while the third component has shifted to the 

right. All profiles have been smoothed :o the resolution indicated 
by the horizontal bar. 400 ps. 


June 1978 and October 1978, with the 1978 datasmoothed so as 
to have the same time resolution (406 us) as the earlier profile. 
The three profiles have been alignec at the leading edge and 
normalised so that the first componen: has identical height in all 
three cases. With this convention, the leading component does 
not seem to have changed significantly, but the central 
component has broadened substantially and moved towards the 
pulse centre. At the same time the s2paration between outer- 
most peaks has progressively increased, and the third 
component has also broadened somewhat. The extreme trailing 
edge of the pulse seems to fall more rapidly in the October 1978 
profile than in the earlier ones. However, this trailing edge is 
considerably wider than that observec* at 1,400 MHz, probably 
because of interstellar scattering. Consequently, this part of the 
pulse shape change may result from a change in the scattering 
time constant of the interstellar mediam. 

Changes of pulse shape towards a broader and more sym- 
metrical profile suggest that precessio is moving the observer's 
line of sight closer to the centre cf the radiation cone. A 
geometry that accounts qualitatively for the observed changes 
is shown schematically in Fig. 5. Mere data will be required 
over a longer time interval, preferably including polarisation 








Pulse prof le 


Fig.5 ` А possible geometry to account for the pulse shape changes 
shown in Fig. 4. Shaded regions represent active portions of a 
hollow cone of pulsar emission; horizontal lines represent loci of 
the line of sight through the beam as the »ulsar spins. Hypothetical 
pulse profiles are sketched below. As the spin axis precesses, 
moving a different portion of the beam irto the line ofvt, the profile 
is expected to change. October 1978 (solid line); July 1977 (dotted 
line). 
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information, before any quantitative description of the observed 
changes of angle can be made. 

Our measurement of the rate of change of orbital period is an 
entirely new test of general relativity, and at present the only one 
that depends on the theory's structure beyond the first post- 
newtonian approximation. The only straightforward inter- 
pretation of the data is that gravitational waves exist and carry 
energy away from an orbiting system at the rate predicted by 
general relativity. The conclusions that m, =m. = 1.4 Mo and 
@ = Фоп give strong support to the interpretation of the 
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PSR1913 +16 system as a pair of neutron stars, and provide an 
important test of the theory of late stages of stellar evolution. 
Finally, the observed precession of the pulsar spin axis provides 
a unique opportunity to obtain information on the shape of the 
pulsar radiation beam in two dimensions. 
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Application of a newly developed theory to volcanological 
observations of explosive eruptions shows that previous 
estimates of pre-explosion gas pressures may be over- 
estimated by an order of magnitude. 





THE andesite stratovolcano Ngauruhoe, in North Island New 
Zealand, erupted explosively during the afternoon of 19 
February 1975. The eruption was closely observed and filmed’. 
There were two main phases. A 1.5-h gas-streaming phase? 
produced an 11-13 km high eruption column. This phase was 
followed by a series of discrete cannon-like explosions at 15 to 
50 min intervals over a period of 5 h (ref. 2). The latter type of 
activity is common on many andesite and basaltic andesite 
volcanoes, for example Asama? and Arenal’, and is referred to 
as vulcanian type activity^*. 

Vulcanian explosions have been studied from several recent 
eruptions'? and display common characteristics: the rock mass 
ejected per explosion is usually 10? to 10* tonnes (refs 3, 6) and 
often contains a high proportion (250%) of nonjuvenile 
material; during active periods, intervals between explosions 
vary from «1 min (Anak Krakatoa) to about 1 day (Asama’, 
Sakurazima?); pyroclastic avalanches (nuées ardentes) are often 
produced? ^, 

Nairn and Self? recently described the February 1975 erup- 
tion of Ngauruhoe and interpreted the generation of cannon- 
like explosions in the light of concepts established in the vol- 
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canological literature. Here we use newly developed theory to 
re-analyse the largest of the cannon-like explosions (at 18.10 h 
on 19 February) and discuss an alternative model of vulcanian 
explosions. The model is constrained by paucity of data, par- 
ticularly on lava tensile strengths and weight percentages of 
fine ejecta and released gases, but does point out the type of 
data required for improved analysis of vulcanian eruptions. 
McBirney"? recently reviewed controls on explosive andesitic 
eruptions and criticised the use of the Bernouilli equation to 
derive pre-explosion pressures. However, use of the 'gun-bar- 
rel' equation, recommended by McBirney, is also open to 
criticism. This article revises some earlier computations? of 
pre-explosion pressures at Ngauruhoe and demonstrates that 
gas pressures required to generate vulcanian explosions are 
probably lower than previously thought. 


Direct observations of discrete 
vulcanian explosions 


The best documented discrete explosion at 18.10 h consisted of 
the expulsion of a cloud of gas containing fragments with a wide 
range of sizes. The initial velocity was supersonic, resulting in a 
shock wave’. The position and extent of the cloud was recorded 
on a series of photographs timed with sufficient accuracy for 
estimates to be made of the average velocity between each pair 
of photographs. Figure 1 shows the resulting variation of vel- 
ocity with height; an estimate of errors has been included. 
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It is known that the velocity of a cloud of material ejected into 
the atmosphere at high speed must decrease approximately 
exponentially with height" after passing through a maximum 
value, thus one estimate of the initial velocity can be obtained by 
fitting a straight line to the data shown in Fig. 1: the value 
indicated is ~400 m s^. A second estimate comes from con- 
sideration of the dynamics of the shock wave propagation: to 
produce the apparent shock velocity of at least 600 m s^! the 
velocity of the ejected slug of debris would have to be not less 
than 340 m s^! (ref. 2) calculated for a one-dimensional case. 
The true maximum velocity of the ejecta probably lies between 
these values. 


Theory of vulcanian explosions 


Discrete, intermittent explosions, with the exception of phreato- 
magmatic explosions, must be the result of the sudden release 
of pressure in a gas by the failure of some form of retaining 
medium. In the vulcanian case the gas may be magmatic or 
meteoric. It seems improbable that a layer of unconsolidated 
clasts at the top of the conduit can substantially retain the 
build-up of an appreciable gas pressure. We assume, therefore, 
that magma is always involved in such events. New magma rises 
in a conduit after a previous explosion and cools at its upper 
surface, forming a ‘cap’. 

The compressional strength of dolerite is known to remain 
nearly constant'^ with temperature up to 950 °C; in view of the 
lack of evidence to the contrary, we assume that tensile strengths 
of rocks, commonly quoted to be of the order of 1096 of 
compressional strengths, also remain constant up to this 
temperature. Tensile strengths (at low pressures) of 100- 
200 bar are deduced for rocks of andesitic type from the limited 
data available'^'^. To obtain an estimate of the thickness of 
crust sufficiently cool to provide a strength of this order, stan- 
dard treatments on heat flow can be used’. Cooling from 
magmatic temperature (say 1,000 °C) during the 50 min interval 
before the 18.10 h explosion could have produced a layer, 
cooler than 950 °C, which was up to 15 cm thick, the distance a 
thermal wave can travel in rock in this time. Clearly, cool 
fragments of rock debris smaller than 30 cm in diameter would 
be efficient heat sinks on this time scale. Indeed, the addition of 
1096 by weight of such debris, derived from the conduit walls or 
the fall-back in the vent area from earlier explosions, would cool 
a layer of any desired thickness to 950 °C. 

The pressure in a mixture of degassing magma and heated 
groundwater prior to an explosion would be equal to the tensile 
strength at depth H below the cap by an amount o,gH where с, 
is the magma density and g the acceleration due to gravity. At a 
depth of 500 m in partially degassed magma of bulk density 
1,000 kg m^? the added pressure would be about 50 bar. 

Many attempts have been made to relate the ejection velocity 
of fragments from volcanic explosions, particularly those of 
vulcanian type, to the initial pressure of compressed gas driving 
the explosion?*?75, All of these treatments are essentially 
based on a modified form of the Bernouilli equation. We are no 
longer satisfied that this equation adequately represents the 
conditions in any actual volcanic explosion. 

The simplest treatment of an explosion driven by expanding 
gas is one in which it is assumed that complete decompression to 
atmospheric pressure occurs, and that all of the internal energy 
released by the expansion is used to accelerate the explosion 
products, both released gas and clasts, to the same velocity. The 
energy equation"? is then: 


- [S | ane [ udu (1) 


in which p is the bulk density of the eruption products, P is the 
pressure, g is the acceleration due to gravity, A is the vertical 
coordinate and u the velocity. p must be defined in terms of n, 
the weight fraction of released gas in the exploding mixture, o, 
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the gas density, and c, the clast density: 
1 n l-n 
= +-—— 
р 


a is in turn dictated by the temperature, pressure and composi- 


(2) 


c о, 


tion of the gas; in the present circumstances it is adequate to 2 


assume that the perfect gas law appliss. It is necessary, before 
integrating equation (1), to decide waether the gas expansion 


will be more nearly isothermal or adizbatic; the deciding factor ^ | 


is the efficiency with which heat can be transferred from clasts to. 
gas and depends on the clast size distribution". In the case of 
strombolian explosions, in which the t:me scale is very short; an 
adiabatic approximation is valid". For vulcanian explosions, the 
best solution probably lies between the isothermal and adiabatic 
cases. The results of integrating (1) using (2) and an initial 
temperature Т; are: 
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in the isothermal case and, іп the adizbatic case: 
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where P; is the initial pressure driving the explosion, P, is the 
final pressure, assumed equal to atmospheric, ДА is the vertical 


Mean upward velocity (m s^ ') 
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Fig. 1 Deceleration of 18.10 h plume ‘rom analysis of still pho- 
tographs. Errors shown as bars. Straight line fitted between maxi- 
mum and minimum values; curved line approximates exponential 
deceleration. S is speed of sound in air for reference. The stee 
portion of curve (a) represents decelerction in gas thrust phase’: 
the flat portion (5) represents slow, stable velocity condition while 
mixing with air and column collapse takes place; (c) is a slight 
increase in velocity at beginning of conwective thrust phase. The 
downwards pointing arrow indicates onset of column collapse. 


distance over which the gas decompression occurs, y is the ratio 
of the specific heats of the gas, R is the gas constant and u is the 
final velocity. If numerical values are inserted, it is generally 
found that the term gAA can be neglected for explosions in 
which the expansion of gas occurs over a vertical distance of less 
than a few hundred metres. 

The modified version of the Berneuilli equation is usually 
written: 


P,- P; loui (8) 


in terms of the variables already defined. There has been some 
discussion" as to what density should appear in this equation: o, 
(as written here) or p. Comparison ef equations (5) and (3) 
reveals the essential problem with the modified Bernouilli 
equation: it only approximates the correct expression if n is 
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sufficiently small (and if Ah is also small). The values of n 
encountered in real volcanic explosions (say 0.1 to 30 weight per 
cent if plinian, vulcanian and strombolian events are included) 
are always too large for this approximation to be true. 

We have argued above that the build-up of pressure beneath a 
restraining cap may be the source of vulcanian explosions. In 
such a case the mixing of gas and clasts from the disrupted cap 
and the surrounding rocks may not be great in the early part of 
the motion; a physical model based on the motion of a solid 
block of coherent (or shattered) rock overlying a gas body of 


1,000 


= ww uw 
= 885 


Maximum velocity (m s^!) 





1 3 10 30 100 300 1,000 
Initial pressure (bar) 


Fig. 2 Maximum velocity of explosion products as a function of 
initial pressure driving the gas expansion for various types of 
voleanic explosions. The dotted line MBE is the modified 
Bernouilli equation (equation (5)) The dashed lines are cal- 
culations using equation (3) and are labelled by the wt % gas (taken 
to be steam) used in the calculations. For these curves perfect 
thermal contact between gas and clasts is assumed. The solid 
curves, also labelled by wt % gas in the exploding mixture, 
represent solutions to equation (7); the gas cools adiabatically 
during its expansion from an initial temperature of 1,220 K; in the 
case of the curve for 1% gas, the effect of reducing the initial 
temperature by 250 degrees is shown. The dashed and continuous 
curve for each gas content bracket the upper and lower limits of 
velocity for a given driving pressure in vulcanian explosions. When 
the ejecta are predominantly less than 10 mm in diameter, velocity 
values correspond more closely to the dashed curves. 


similar cross sectional area may be more applicable. If the 
vertical extent of the cap is L and its density is о, and if the gas 
body beneath the cap has vertical extent X, initial temperature 
Т, pressure Р, and gas constant R, then simple geometry shows 


that 
ze © 





so that the solutions may again be expressed in terms of n, the 
gas weight fraction in the explosion products. The equation of 
motion for the cap in the vertical h direction is 


Р-Р, = Го, + Log * 3p.Coh? (7) 


where Р is the general value of the pressure during the expan- 
sion. P is given by 





X Y 
p=P(——) (8) 
X+h 
initially, since the expansion is adiabatic until some small clasts 
begin to mix with, and supply heat to, the gas. The final term in 
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equation (7) represents atmospheric drag acting on the rising 
cap: Cp is a drag coefficient with value close to unity and p, is the 
atmospheric density. Equation (7) is readily integrated 
numerically using equations (6) and (8) to yield the maximum 
velocity, us, of the products during the explosion process. The 
results of such calculations, and also of the use of the simpler 
equations (3) and (4), are summarised in Fig. 2, in which и; is 
shown as a function of P, for a range of values of n in each case. 

Itislikely that at least 50 wt ?o of the fragments ejected during 
the 18.10 h explosion were smaller than 3 mm (ref. 2) and able, 
therefore, to maintain thermal equilibrium with the gas during 
the period (of the order of 0.5-2 s) of acceleration of the largest 
clasts, implies that the velocities corresponding to equation (3) 
(isothermal case) may be more appropriate for vulcanian 
explosions than those derived from equation (4); the solutions to 
equation (7) certainly represent the lowest possible velocity that 
corresponds to any particular pair of values of n and P, as they 
give the greatest weight to energy losses. The speeds given by 
equation (4) are very close to those from equation (3) at low 
pressures and fall to about 70% of the equation (3) speeds as the 
pressure approaches 1,000 bar. The n and P values given below 
are means of equations (3) and (7) biased towards equation (3) 
on the basis of this argument. 

The following combinations of initial gas pressure and 
released gas wt % are implied by the observed maximum 
velocity of 400 т57': for n = 30%, Р, = 2-5 bar; for n = 1096, 
Р, = 10-30 bar; for n = 5%, Р, = 40-100 bar; for п = 3%, Р, = 
100—300 bar. We argued above that the likely range of values of 
tensile strength of andesite at sub-solidus temperatures is 100- 
200 bar (refs 14, 15). Then the above permutations of pressure 
and gas content would imply that the explosion products of the 
18.10 h event contained 2-5 wt % water. It was estimated? that 
equal proportions of juvenile and nonjuvenile material were 
expelled in the explosion, and so if it is assumed that all of the 
water were juvenile, 4 to 10 wt % would be required in the 
magma. The lower end of this range is comparable to the 
measured primary water contents?  ?^* of andesite magmas, but 
it is probably implied that some groundwater water was also 
involved. 


Magma volume and conduit shape 
considerations 


The total volume of rock expelled in the 18.10 h explosion and 
four other similar outbursts on the same day was about 5 x 10° 
m? dense rock, approximately half of which was juvenile. We 
may assume that juvenile material was re-emplaced in the upper 
parts of the volcano between explosions, so that a total of about 
2.5 x 105 m? of pre-existing cone material was excavated. 

This volume cannot have been removed from a localised 
region near the vent because we know? that there was little 
significant change in the geometry of this region during the 
explosive activity: if 2.5 х 10? m? is taken to occupy a vertical 
cylinder with length equal to diameter, the required dimension is 
68 m, which is greater than the crater bottom diameter. There is 
an added reason why such a geometry is unlikely. Heating of 
groundwater near the magma body is only possible if heat can 
penetrate the required distance in the time available; the repose 
period before the 18.10 h explosion was 50 min, and thermal 
waves can only travel distances of the order of a few tens of 
centimetres in rock in this бте! 

A long, cylindrical conduit feeding the vent is the geometry 
which maximises the chances of groundwater being involved in 
the explosions. Ngauruhoe stands —950 m above the surround- 
ing topography; if a vertical length of, say, 500 m were involved, 
the excavated cylinder needed to provide both the juvenile and 
nonjuvenile debris for all five major explosions would have had 
a diameter of 32 m. Figure 3 shows the situation envisaged: a 
long, cylindrical conduit about 20 m in diameter containing 
vesicular magma of mean density — 1,500 kg m ^, cooled at the 
surface and chilled at its contact with the cone material, contains 
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Fig.3 Schematic of proposed cross-section through crater region 
of Ngauruhoe before the 18.10 h explosion. 


clasts which have fallen into the conduit from earlier activity. 
Water in these clasts and in the cone material immediately 
surrounding the magma is heated to near-magmatic tempera- 
tures and, together with exsolved juvenile magmatic water, 
drives the explosion when the cap over the vent fails. It is not 
possible to estimate accurately the relative contributions from 
magmatic water and groundwater. The 18.10 h explosion must 
have removed a rock layer some 5 m thick from the conduit walls 
to satisfy the observed mass. Only a small fraction of this rock 
and its pore water could have been heated by conduction in the 
50 min before the explosion, although water and steam in 
interconnected fissures may have been heated by convection. 
However, in the one to two seconds after the failure of the 
magma cap, that is during the period of acceleration of large 
blocks, rapid turbulent mixing of small fragments of disrupted 
magma and released groundwater would have taken place. It 
was shown above that up to 50% of the mass of disrupted 
magma could interact thermally with the evaporating water on 
this time scale. If all the available water in the wall rock layer 
were involved in the explosion, a water content of 2-3% in this 
rock would be consistent with the expected water contribution 
from the magma, as noted above. 

In the above treatment we have not found it necessary to 
invoke the rapid mixing of juvenile material with groundwater 
that might lead to flash boiling”. This mechanism has been 
proposed as a means of creating pressures of the order of 
3-5 kbar, similar to the pressures deduced for high velocity 
explosions" by applying the Bernouilli equation. Our analysis 
does not require such high pressures to initiate the explosion 
process. 


Eruption column behaviour 


The rise height, А, of the convective plume from the 18.10 h 
explosion can be computed from a formula for convective rise 
from an instantaneous source and compared with the observed 
height: h, in metres, is given? by 


h=1.87Q'" (9) 


where Q is the released heat energy in joules. The 18.10 h event 
emitted? 2 x 10° kg of rock, of which about half was juvenile 
(that is, hot and able to contribute to driving convection). 
However, about half of the material injected into the plume was 
lost almost immediately (after 12-15 s) by the partial collapse of 
the column to form pyroclastic avalanches’. Thus, the heat 
available to drive convection is estimated to have been a maxi- 
mum of 4x 10° J, leading to a predicted column height, Л, of 
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4,700 m. The observed value’ was at least 4,000 m above the 
vent, the discrepancy implying an efficiency of heat utilisation of 
about 50%. 

This may be compared to values much closer to 100% found 
for maintained plumes produced by other eruptions^ and also 
to the value found for a maintained plume at Ngauruhoe, During. 
part of the gas-streaming eruptive phase, lasting from 13.25 to 
13.45 h, prior to the series of discrete explosions, a 10 km high 
(above crater) convecting column existed^ over Ngauruhoe. The 
equivalent of equation (9) for continuous column convection 
124-25 


h=8.20'4 (10) 


where h is the column height in metres as before and О is the 
rate of release of heat energy in Watts. A 10 km column height 
implies a mass eruption rate of 3.2x 10% kgs"! (ref. 25). The 
estimated volume? erupted in this cloud was 1.6 х 10° т? dense 
rock which, averaged over 20 min and using the density of 
andesite equal to 2,550 kg m ^, corresponds to 3.4 x 10* kg s^*, 
in good agreement with the above value, suggesting that the 
efficiency of conversion of heat to work was close to 80% in this 
case. 

Vulcanian explosions are very common at the many active 
andesitic strato-volcanoes clustered along subducting plate 
margins. Some of these eruptions are more violent than those 
described from Ngauruhoe*?*, However, previous estimates of 
pre-explosion over-pressures have generally been too large, and 
this article demonstrates that relatively small pressures are 
probably adequate to produce the observed behaviour during 
this type of eruption. Basaltic andesite magmas have water 
contents comparable to those deduced for the explosions?! 7^5, 
and the involvement of groundwater is possibly a significant 
feature of the events, but not an essential feature. as proposed by 
Schminke”. It is not necessary to invoke violent mixing of 
juvenile material and groundwater on a large scale to explain the 
explosions though such mixing on a small scale may be a 
significant feature of some vulcanian explosions. Eruption cloud 
heights can be related to the rate of release of juvenile material 
during steady gas-streaming activity, and to the amount of 
released material in discrete explosions, using the formulae 
found to apply to larger-scale eruptions”. | 
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Concentrations of metals in very small 


volumes of soil solution 
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A new method of sampling very small amounts of soil 
solution (0.3 g) shows that soil solutions contain high 
concentrations and unusual proportions of metals. In the 
soils studied, the solution is close in both metal proportions 
and total metal mass to what may be taken up annually by 
the growth of plants at the sites sampled. Composition of soil 
solution varies seasonally and with depth in soil. 





A FUNDAMENTAL problem in soil science and plant nutrition 
has been the determination of the true chemical composition of 
the films of solution which surround particles of normal, 
unsaturated soils and which are in contact with the roots of 
growing plants. Attempts to determine metal concentrations in 
soil solution have been hampered because conventional analysis 
requires large amounts of solution, and the collection of large 
samples generally alters the composition of the solution’. 

A method for sampling very small amounts of solution from 
undisturbed, unsaturated soils in the field was used for this 
study, and techniques originally used in nuclear geochemistry 
have been used to analyse the samples. This has the advantage 
that much smaller samples (roughly single-drop size) may be 
analysed to greater accuracy for both major metals and related 
trace metals than has previously been possible. 


Field selection and sampling method 


The soil solution is rapidly blotted onto a stack of specially 
cleaned absorbent paper. In the field, the sampler cleared a flat 
space at an appropriate horizon in the soil, and placed a porous- 
plastic (Nuclepore) filter on the soil surface. Then, wearing an 
acid-cleaned polyethylene glove, the sampler pressed with his 
thumb a stack of six specially cleaned and weighed 4-cm filter 
paper disks tightly against the plastic filter for a few seconds. The 
stack was put into a clean Teflon bottle and tightly sealed for 
reweighing in the laboratory. Rare contamination of the solu- 
tion samples with particles from the soil was revealed by easily 
visible brown staining of the white absorbent paper, and proved 
in all cases to be associated with rupture of the plastic filter. The 
few such samples were discarded. 

Two published reports” have proposed this sampling method 
in principle, and results have been reported by Schuffelen et al.* 
of a study using a similar sample collection method. 

The study site, Thompson Canyon, comprised an area of 
12.2 km? in the northern part of Yosemite National Park in the 
central crest region of the Sierra Nevada of California at an 
altitude of ~2,900 m (meadow surface). The area was selected 
because of freedom from disturbance by human activity, uni- 
formity of rock (quartz monzonite) which has provided material 
to the soil since glaciation 10,000 yr ago, the fact that all water 
entering the watershed comes from precipitation, and the rather 
simple and stable assemblage of plant and animal species. The 
watershed has been used since 1970 for studies of geological and 
biological fractionation of metal families in terrestrial food 
chains. 
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Methods of analysis and soil sampling 


Metals determined in the samples were the alkali metals K, Rb 
and Cs and the alkaline earth metals Ca, Sr and Ba. These metals 
were selected because the members of each family exhibit a 
narrow but definite range of behaviour in nature owing to similar 
electronic properties and varying ionic size. The metals have 
widely varying geochemical abundances, and most have been 
used extensively in soil science investigations. Na and Mg were 
not suited to the same analytical techniques as the six metals 
reported in this study. 

Stable isotope dilution mass spectrometric analysis was used 
for all determinations. It is the most sensitive and accurate 
method known for determining very small amounts of many 
metals; the extremely small samples (~0.3 g solution) collected 
in this study were readily analysed for the six metals using this 
technique. The most extensive development and application of 
the technique has been in the field of nuclear geochemistry, and 
its use in this study is possible largely through its refinement for 
analysis of lunar material”. A known amount of isotopically 
enriched tracer was equilibrated with the sample so that the 
resultant isotopic ratio was a mass-weighted average of the 
isotopic composition of the enriched tracer and the natural 
isotopic composition of the sample. This resultant ratio was 
measured on a solid-source, thermal-emission mass spec- 
trometer, and the sample mass calculated. 

Seventeen samples of soil solution were analysed. These were 
taken from three localities (total of five horizons). Soils selected 
(entisols) were (1) a humus-rich soil in the centre of the broad, 
deep meadow in the bottom of the glacial valley, sampled in a 
single near-surface zone containing sedge roots; (2) a soil 
(humus-rich near the surface but less deeply developed than the 
meadow soil) perched on a narrow hillslope terrace, from which 
solution was sampled at both 5-cm (growth zone of shallow- 
rooted herb and sedge plants) and 30-cm depths (zone of deeper 
rooted plants such as large lupine); (3) a soil on the boundary of 





Table 1 Metals in mid-meadow soil-solutions compared to phreatic 
water, stream water, and average snow (parts per 10°) 





Phreatic Stream 
4mid-meadow water, water, 
soil- same same 
Metal solutions locality locality Snow* 
K 7,000 11.0 62.0 9.7 
Rb 71 0.17 0.26 0.042 
Cs 11 0.005 0.011 0.0048 
Ca 1,740 530 380 18 
Sr 32 13 7.4 0.15 
Ba 64 6.5 13 0.22 
K/Rb 98 66 240 230 
K/Cs 630 2,300 5,600 2,020 
Ca/Sr 54 41 52 109 
Ca/Ba 27 82 310 82 
K/Ca 4 0.022 0.16 1.8 


*Vertically integrated snowpack at maximum depth, 9096 of total 
annual precipitation. 
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Fig. 1 Variation through the growing season in the metals 
composition of soil solutions: well developed soils in mid-meadow 
and on a hillslope platform (concentrations in parts per 10°). 


conifer forest and meadow, supporting both conifers and 
meadow plants. 

For sample preparation the filter disks were leached of sample 
using 20 ml of 0.1 M, highest purity HCI for several hours at 
55 °C in an acid-cleaned quartz centrifuge tube and then centri- 
fuged to precipitate fibres. Aliquots of this solution were 
removed with a pipette, isotopically spiked, and analysed for 
metals. 

Tracers for all six metals were mixed together and added to 
aliquots of solutions made up from soil solution samples. The six 
metals were analysed in the mass spectrometer without chemical 
separation. Actual metal masses that were determined ranged 
from 160x 107? р for K to 0.02x 10? р for Cs, with blanks 
always less than 1096 of these masses. To minimise contamina- 
tion, special precautions were taken; these involved clean 
rooms, ultra-pure reagents, ultra-clean apparatus, and low 
contamination procedures in the field". 

The accuracy and precision of the soil solution sampling and 
analytical method were tested using a homogeneous stock solu- 
tion containing metals in concentrations very similar to those of 
the soil solution. The stock solution was sampled in two different 
ways. In one, an aliquot was taken directly from the bottle, 
spiked, and analysed with minimum treatment. In the second, a 
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sample was blotted onto cleaned filter paper through a Мисе- 
pore plastic filter and removed by leaching, a method analogous 
to the method of sampling the soil solution in the field. The data 
(not presented here) show that passage of moisture through the 
plastic filter and subsequent acid extraction from the absorbent 
paper do not introduce any large errors: results obtained using 
the two ways of sampling the known stock solution agreed within 
a few per cent. 

In addition, reproducibility of results from actual field 
samples was tested by two methods. (1) Two samples of soil 
solution were taken in rapid succession directly from the cleared 
soil surface in the field, only a few centimetres apart (results 
plotted as double data points in Fig. 1, 14 June collection, 
perched hillslope soil; Cs and Ba analvses failed on one of the 
samples). At the same site, a soil sample (1,500 р) was 
thoroughly stirred in a clean polyethylene pan and two solution 
samples were collected from it in rapid succession (plotted as 
double points in Fig. 1, 22 July collection). Asshown in Fig. 1 the 
variations in the duplicates are important fractions of the total 
masses, especially for Ca, but generally both values in each 
duplicate pair are close, even for Ca, and both fit well within the 
seasonal trend plotted. The variation must be attributed to 
inhomogeneities in the soil on a scale of a very few centimetres. 

In a primitive version of the method used in this study" the 
bottom disk of the stack of absorbent papers was in direct 
contact with the soil and was discarded. This method introduced 
errors because the heavier alkaline earth metal ions (Sr and Ba) 
were preferentially retained in the bottom disks of the stack, 
through which the sample first passed. This finding led to the use 
of the porous plastic filter between soil and absorber during 
collection. 

To clean the absorbent paper the Whatman No. 40 ashless, 
cellulose-acetate filter paper disks (5.5 ст) were batch-cleaned 
by leaching for 24 h in each of three successive 55 ^C baths of 
25% НСІ solutions of increasing purity (analytical reagent 
grade, G. Frederick Smith distilled, National Bureau of Stan- 
dards distilled). Moderately thorough water rinses (to pH 4 or 5) 
were used between each acid bath; highest purity rinse water 
was sucked through a few disks at a time on a Buchner funnel. 
The disks were vacuum dried between each acid bath. The series 
of HClleachings was followed by a similar series in 0.5% highest 
purity HF and in 1% NH,4CI at pH 7. The final rinse, after the 
NH. Cl, was very sparing, so that some NH; would be left on the 
paper (E. E. Dickey, personal communication). The 0.4 um 
pore size Nuclepore filters were cleaned in the same way as the 
papers. The HF and NH,CI steps reduce by 10-fold a trouble- 
some Ba analytical blank, compared to that for a simple HC] 
sequence". 


Results and discussion 


Compositions of soil solution are quite different from those of 
any phreatic and stream waters in the watershed and else- 
where! , Metal concentrations in soil solution samples taken 
near the soil surface were as much as 1,000 times higher than 
those in phreatic water or stream samples collected at the same 
location (Table 1). Soil solution is the cnly type of water in the 





Table 2 Moisture content of soils from which solution was sampled 











Mid-meadow soil 
( 5 cm depth ) ( 5 cm depth ) 
7 


Date 19% organic .196 organic 
14 June 1.14 1.05 
22 July ND 0.92 
27 Aug. 0.98 ND 
29 Sept. 1.05 0.98 


Perched hillslope soil 


Forest-meadow boundary soil 
(30 cm depth ) ( 5 em depth ) 30 cm depth ) 
2.7% organic 6.3% organic \3.3% organic/ 
- 0.96 0.61 
0.60 n 2 
ND - = 
0.63 1.00 0.58 


АМЫ Є АІ 
Values represent mass of moisture as fraction of mass of air-dry soil. ND, not determined; —, no sample collected. 
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Table 3 Comparison of metal availability in a meadow soil* by two 
different measures 





Exchangeable In soil 
bases? ошоп? 
Metal (mEq per 100 g) (mEq per 100 g) 
Na 1.3 - 
K 0.11 0.0033 
Ca 0.95 0.0016 
Mg 0.23 - 
Total exchange cations 21 - 
K/Ca 0.12 2.1 





*This soil (49% water) and soil solution collected in 1973. 

f Exchangeable bases measured with NH; at pH 7 by US Soil 
Conservation Service, Riverside, California. 

Blotting method of this study. 


watershed that has higher concentrations of alkali metals than 
alkaline earth metals. Stream water, phreatic water, and snow all 
contain more alkaline earths than alkalies. In no other natural 
waters measured are the concentrations of Rb and Cs, either 
absolutely or relative to K or to the alkaline earth metals, as 
large as they are in soil solution. 

Solutions were collected at various times in the summer, at 
various soil depths, and from various soil types. The data are 
plotted in Fig. 1. In solutions near the surface (5 cm depth) of 
humus-rich soils, the concentrations of alkali metals (K, Rb, Cs) 
are highest in the autumn (mid-meadow and perched hillslope 
soils). In samples taken at greater depth below surface (30 cm, 
more mineralic zones), the alkali concentrations are lowest in 
the autumn (perched soil). For these deeper zones the seasonal 
trend appears less distinct in Fig. 1 only because the absolute 
concentrations and their changes are smaller, and because the 
scale of the plot has not been expanded. 

Three possible factors influencing the seasonal soil-solution 
composition are the following: (1) metal uptake and release of 
metals by the standing crop of plants; (2) through-flow of 
solutions having different metal contents, and (3) uptake and 
release of metals by humus and clay in soils, in response to 
temperature, pH, or other physical and chemical factors. As for 
the effects due to the growth of plants, the mass of metals in soil 
solutions above the water table in mid-meadow is comparable to 
the mass of metals in the leaves of the standing crop of sedge 
(Table 4). Metal ratios in sedge leaves vary strongly with time of 
season! 5, but these variations may represent only internal redis- 
tribution of metals between the leaves and the root systems of 
these plants. Variation in soil-solution composition caused by 
through-flow of soil solutions of variable composition is unlikely 
in these poorly drained soils, except in the earliest snow-melt 
part of the season. pH and temperature may affect the release of 
metals from humus and clay; pH was between 4 and 5 at all times 
of the season for all soils and average soil temperatures can rise 





Table 4 Comparison of masses of metals in soil solution and in annual 
plant productivity 





In soil In annual plant 
Metal solution productivity 
K 7,000 14,000 
Rb 71 81 
Cs 11 8.5 
Ca 11,750 5,200 
Sr 32 96 
Ba 64 81 


RENE MM enne 


Mid-meadow soil; mass of metals in solution to 10 cm depth; plant 
values from standing crops of sedge leaves; from unpublished data of 
Patterson and Elias; data in g per hectare. 
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measurably in mid-season. Equilibration times needed to 
replace metals in soil solution from the humus and clay reser- 
voirs have not been determined for the soils of this study. 

Apart from seasonal variations, the major differences 
between the soil solutions collected near the soil surface 
(humus-rich zones) and those collected at greater depths 
(mineralic zones) are the following: (1) the metal concentrations 
are generally higher in the near-surface samples, and (2) alkali 
metals are more abundant relative to the alkaline earth metals in 
the near-surface samples. K/Ca ratios are most commonly 
greater than unity in the deeper zones. It is empirically true in 
samples from the field area of this study that, in direct cor- 
respondence to the composition of the shallow and deep soil 
solution, the leaves of shallow-rooted plants (sedges) have 
higher K/Ca ratios than those of more deeply rooted plants 
(conifers)'®. Roots of these plants were present in the respective 
zones at the actual sampling sites. 

The moisture contents of the soils sampled in this study (Table 
2) are high and do not vary greatly. There are distinct differences 
between shallow, organic-rich soils and deeper, mineralic soils, 
but these subalpine soils do not dry out through the summer as 
do soils in other environments. The effect of lowered moisture 
content on the absolute or relative concentrations of the two 
families of metals determined are not known from the experi- 
ments of this study; it is accepted that changes in moisture 
content alter the distribution of monovalent and divalent metals 
between soil and solution", but it seems that the seasonal 
variation in solution metal composition observed in this study 
(Fig. 1) is to be associated with other factors. It is not known 
whether samples large enough for analysis could be collected by 
the blotting technique from soils much less moist than those of 
this field area. 

The data presented in Table 3 show that in the particular 
non-agricultural soils of the study area the reservoir of metals 
contained in soil solution is much smaller than the reservoir 
available as exchangeable cations. In the study area the mass of 
metals in the soil solution is approximately equivalent to the 
mass turned over by plants in the annual growth cycle (Table 4). 
The proportions of the metals in the solution reservoir are very 
different from those in the exchangeable cation reservoir: in soil 
solution, the alkali metals seem to be relatively more abundant 
than the alkaline earth metals, whereas in the exchangeable 
cation reservoir the reverse is true (Table 3, K/Ca values 2.1 and 
0.12, respectively). 

This work was done in collaboration with C. Patterson 
(Division of Geological and Planetary Sciences, California 
Institute of Technology) and was supported by NSF grant GB 
31038 and grants from the Geological Society of America. 
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Crystal structures of Streptomyces subtilisin 
inhibitor and its complex with subtilisin BPN’ 


Y. Mitsui, Y. Satow*, Y. Watanabe, S. Hirono & Y. litaka 


Faculty of Pharmaceutical Sciences, University of Tokyo, Hongo, Tokyo 113, Japan 


Crystal structure of a microbial protein proteinase inhibitor 
SSI (Streptomyces subtilisin inhibitor) and its complex 
with subtilisin BPN' were solved at 2.6 Å and 4.3 Å 
resolution respectively. The mode of binding to the pro- 
teinase of SSI is compared with that of bovine pancreatic 
trypsin inhibitor, soybean trypsin inhibitor and the sub- 
strates. Stereochemical considerations for the possible 
evolutionary relationship between SSI and pancreatic 
secretory trypsin inhibitor are presented. 





MANY protein proteinase inhibitors from animal and plant 
tissues have been extensively studied'. However, bovine basic 
pancreatic trypsin inhibitor^^ (Kunitz, BPTI) and soybean 
trypsin inhibitor^? (Kunitz, STI) are the only protein proteinase 
inhibitors which have been studied by X-ray diffraction. Strep- 
tomyces subtilisin inhibitor (SSD, isolated from Streptomyces 
albogriseolus by Murao and Sato'?, is one of the few well 
characterised microbial protein proteinase inhibitors. SSI has 
been characterised chemically and spectroscopically and by the 
X-ray diffraction studies carried out in a collaborative study 
involving nine laboratories, led by K. Hiromi (summarised in 
ref. 9). Unlike classical trypsin inhibitors, SSI strongly (K, = 
107? M)'? and specifically? inhibits bacterial alkaline pro- 
teinases (such as subtilisin BPN’), although it also weakly 
inhibits a-chymotrypsin and trypsin (K,;~ 10 5 and 10^ M, 
respectively)! ?, SSI is a stable dimer” (1,) composed of two 
identical subunits each of molecular weight 11,483 (ref. 14). In 
the trigonal crystals (P3,21, a = b = 40.6 A, c = 115.2 A) of SSI 
analysed here, the two subunits are related by a crystallographic 
йаа”. 

The inhibition of subtilisin BPN’ by SSI occurs when one 
subunit (I) of SSI inhibits one molecule (E) of subtilisin 5", and 
the molecular species of the SSI - subtilisin complex in solution 
was characterised as E-I, (ref. 18). The orthorhombic crystal of 
this complex (1222, a 7 77.5, b = 186.9, c = 69.6 A), analysed 
here, contains half the complex molecule (EI, MW ~ 39,300) in 
an asymmetrical unit". Furthermore, the amino acid sequence 
of the subunit of SSI, a single polypeptide chain with two 
disulphide bridges, was determined by Ikenaka et al.'*. Chemi- 
cal evidence, including the unusual susceptibility of the Met-73- 
Val-74 bond to trypsin and a-chymotrypsin, led these workers 
to propose that this was the susceptible bond'*. We have shown 
here that this hypothesis is correct by crystal structure analysis of 
the complex molecule. 


Structure of SSI 


The structure analysis of SSI at 4 A resolution was reported 
previously’®. For 2.3-À resolution study, about 13,000 





*Present address: Laboratory of Molecular Biology, National Institute 
of Health, Bethesda, Maryland 20014. 
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reflections (including Friedel pairs) we-e collected for each of 
the three  heavy-atom derivatives, | (NH4)J;Hg(SCN),, 
(NH4);Pt(NO;), and ethylmercuric thiosalicylate, for which the 
root-mean-square (r.m.s.) heavy-atom structure factor/r.m.s. 
lack-of-closure error was 38.6/19.3; 34.9/18.6; and 36.8/19.6 
electrons, respectively. Detailed analysis of the statistics, 
however, revealed that the phasing between the 2.3-À and 
2.6-À spheres was unreliable so that the maximum resolution of 
the map was 2.6 À. The map was interpreted using a half-mirror 
device? and the 1A=2cm Kendrew model. For rapid 
measurement of the coordinates of the wire model, a semi- 
automatic device using two He-Ne lazer tubes and magnetic 
encoders was developed^'. Details of the structure analysis will 
be published elsewhere, 

A schematic drawing of the subunit has been previously 
presented”; the electron densities are easily interpretable 
except for the N-terminal four residues almost missing! and the 
region Ala-62-Met-70, where only the approximate course of 
the main chain can be traced. The size of the subunit is about 
25x35x40 À, whereas that of the dimer shown in Fig. 1 is 
about 30x40x65 A. The subunit has a five-fold antiparallel 
B-sheet twisted as usual’*, and two short a-helices (a (46-57) 
and o; (100-107)). The topology of the B-sheet in relation to 
the primary sequence is such that the five B-strands are arranged 
from the top to the bottom of the mosecule thus: 8, (residue 
numbers 89-97)/, B4 (77-874, 8, (10-19), Bz (29-3S)], and 
Вз (40-42), where arrows indicate the polarity relationship 
between the polypeptide chains. The seme -sheet topology is 
seen elsewhere only as part of tke variable region of 
immunoglobulin ?*?5, in which the 30-49 8-strand corresponds 
to the В; strand of SSI. | 

According to Levitt and Chothia*’, $1 subunit belongs to the 
“class П” or “all B" type of proteins. Most of the non-crystallo- 
graphic predictions? on the states of scme specific amino acid 
residues have proved qualitatively cor-ect. These include the 
nature of the peptide NH (refs 28,29, conformation of $-8 
bridges (M. Nakanishi, unpublished obszrvation), and the states 
of tryptophyl??!, tyrosyl????. histidyl^??, and methionyl resi- 
dues”. Detailed evaluation of these results will be published 
elsewhere”’. 


The subunit-subunit interface 


The interface is formed by the stackimg of a B-sheet of one 
subunit on top of a 8-sheet of the other subunit, related by a 
diad. The planes of the two 8-sheets are roughly parallel (Fig. 
1a), whereas the B-strands in the oppos te sheets are inclined at 
about 30° to each other (Fig. 15). Simila- stacking of 8-sheets at 
the subunit-subunit interface has been previously reported only 
at the dimer-dimer interface of concanavalin®* and in the 
monomer-monomer interface of glycezaldehyde-3-phosphate 
dehydrogenase related by the ‘P’ axis**. In the former case, the 
B-strands in the opposite sheets are inclined to each other in 
about the same way as in SSI, but in the latter case, they seem to 
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Fig.Í a-Carbon chains of a SSI dimer viewed a, along the diad and, b, perpendicular to the diad. The reactive site PI, РІ residues are marked. Scale bars represent 
10 A and 5 A, respectively, for a and b. 


run almost parallel. All the 48 intersubunit contacts of less than 
3.8 À, except for three possible hydrogen bonds, are non-polar 
in agreement with the observed susceptibility of the dimer to 
SDS (ref. 36). An interesting feature of the side chain packing in 
the interface is the straight side chain of Arg-90 held tightly in a 
pocket formed by Thr-15, Ala-22, Pro-27 and Leu-79 of the 
opposite subunit, and constituting an effective device for correct 
alignment of the subunits. 

Of the 15 residues participating in the subunit-subunit inter- 
action, only one replacement residue, Thr-34 to Asn, is seen in 
the closely related dimeric inhibitor, plasminostreptin (isolated 
from Streptomyces antifibrinolyticus)"" ^?, which has 64% 
overall homology with SSI. This suggests that the purpose of the 
dimeric structure is the preservation of its own function and or 
stability. Inspection of the model shows that all the amino acid 
side chains replaced in plasminostreptin can be accomodated in 
the structure of SSI. SSI and plasminostreptin are, therefore, 
homologous proteins. 


Fig. 2 a-Carbon chains of SSI (solid 

lines) and subtilisin BPN’ (broken lines) in 

the region of contact fitted into a 4.3-À 

resolution electron density map of the 

SSI- subtilisin complex. The scissible 
bond is marked by V. 


The reactive site and the C-terminal region 


The electron density around the reactive site residues (Cys-71 to 
Tyr-75) is very high indicating the rigidity of this region as in 
BPTI* and ЅТІ. The region seems to be tightly held by the 
Ba-strand embedded in the #-sheet and by the 71-101 
disulphide bridge which, in turn, is fixed to the core of the 
subunit through helix a; and the C-terminal residues. The 
C-terminal four residues Val-110, Phe-111, Ala-112 and Phe- 
113 (the 111 and 112 order has been reversed (T. Ikenaka, 
personal communication)), can be selectively removed from 
intact SSI by treatment with carboxypeptidase A (M. Sakai, M. 
Odani & T. Ikenaka, in preparation). This derivative, SSI-A, 
still weakly inhibits subtilisin BPN’. However, the inhibition is 
only temporary if an excess of the enzyme is present. The normal 
inhibitory activity was almost completely recovered by adding a 
30-fold excess of the C-terminal deca-, nona- or octapeptides to 
SSI-A. These observations, together with the UV difference 
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Fig.3 a-Carbon chains of a complex of SSI dimer (sobd bonds) with two subtibsin BPN’ (open bonds) The diad (horizontal line ш the centre) is inchned to the plane 
of the paper at an angle of 60°. Scale bar represents 10 A. 


spectra, suggested that SSI-A has a somewhat loosened struc- 
ture which is susceptible to proteolytic attack, but that the 
structure of intact SSI is almost fully restored on addition of the 
C-terminal oligopeptides. The C-terminal four residues make 
43 inter-atomic contacts of less than 4 A with the rest of the 
molecule, 9396 of them being non-polar; this may explain the 
destabilisation of the molecule when they are removed. 


Comparison of main-chain conformations 
of the reactive site 
residues and the substrate 


Table 1 compares the main-chain torsion angles in the reactive 
sites of BPTI, STI, SSI and a hypothetical substrate*? when 
bound to subtilisin BPN'. For BPTI and STI the values were 
obtained from the published refined coordinates? ^, The values 
for SSI, aithough not yet refined, are probably correct within 
15*. The values for the substrate are based on provisional 
coordinates. Between BPTI and SSI, the angles for P;, P,, P! and 
Pj agree within experimental error, despite the completely 
different amino acid sequences at the reactive site and the 
different proteinase specificity (BPTI does not inhibit subtilisin 
BPN’). For P; and P, the agreement extends to STI as well. The 


difference in P5 parameters between STI and SSI clearly reflects 
different chain conformation. The Р; parameters of STI present 
a problem. The combination of ф and w is energetically 
unfavourable, and Sweet et al.5 noticed that, in the given orien- 
tation of the peptide bond between Ile-64' and Arg-65', there 
was no suitable hydrogen bond for NH(65"). Re-examination of 
the map shows that $ (P1) may well be ~ 180° (J. Janin, personal 
communication). For Ps, the trypsin inh. bitors do not share a 
common conformation with SSI. This reflects the fact that, in the 
trypsin inhibitors, Р, P4, --——— are not on the surface of the 
enzyme, but those in SSI are still on the surface. 

Comparing SSI and the hypothetical substrate, the overall 
agreement (except for W(P2)) is clear, if allowances are made for 
the appreciably large errors in the latter coordinates. The 
difference in $(P,) and $ (P1) might be significant, but detailed 
study must await a high resolution map of the SSI - subtilisin 
complex. At the resolution now obtainable, there is no clear 
indication of any change in SSI conformation on complex 
formation. The structure of the hypothetical substrate was 
deduced from X-ray difference Fourier studies on the binding of 
various peptide chloromethyl ketones*' and polypeptides ^ to 
subtilisin BPN’. Apparently because of weak Р, specificity 
(compared to trypsin), the results were controversial. Despite 
these difficulties, the present comparison strongly suggests that 
the productive binding mode of substrates to subtilisin proposed 
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by Kraut et а.“ is essentially correct and that, as in the case of 
trypsin inhibitors??, the binding mode of a protein proteinase 
inhibitor (SSI) to subtilisin is, at least, closely related to that of 
substrates. 


Comparison of overall conformation 
in BPTI, STI and SSI 


The similar conformations of the reactive sites of the three 
inhibitors prompted us to investigate whether the similarity 
extends to any other part of the molecule. Despite the large 
difference in length (BPTI, STI and SSI have 58, 181 and 
(2x)113 residues, respectively) and apparent heterology in 
primary sequences, this seemed relevant, as three-dimensional 
structure is one of the properties which is probably most highly 
conserved during evolution. The coordinate systems of BPTI 
and STI were translated and rotated by a least-squares pro- 
cedure to optimise the overlap between the corresponding 
main-chain atoms of the reactive site residues (P; to P5 for BPTI, 
P, to P; for STI) and those of SSI. The general non-relatedness 
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hypothetical substrate (Table 1), and then adjusted by fitting it 
to the electron density through computer graphics (Fig. 2). At 
this resolution, there is no sign of major conformational change 
on complex formation in either SSI or subtilisin BPN’. As in the 
case of trypsin inhibitors?*, the region of contact is small: of the 
113 and 275 amino acid residues, respectively, composing SSI 
subunit and subtilisin BPN', only 11 and 19 residues are in 
contact. Recent estimation of the thermodynamic parameters of 
the complex formation using the temperature dependence of K, 
yielded a value AH = +4.2 kcal mol`’ and AS = + 57 e.u. (at 
25°С, pH 7.0)'°, showing that the process is entropy driven as is 
the case for other trypsin inhibitors’. 


The SSI-subtilisin interface 


Figure 4 was obtained by the same procedure as for Fig. 3. 
Because the parameters defining relative translation and orien- 
tation of the two molecules were adjusted with reference to the 
electron density map, the nature of the model is semi-empirical. 


АНАМЫН 


Table 1 Reactive site residues and main-chain conformations of BPTI’, STI? and SSI 





P3 


BPTI 
STI 
SSI 
Hypothetical 
substrate 
BPTI Pro 
STI Ser 
SSI Cys 
Hypothetical 
substrate Ala 





Р» Р, P PS 
ф ф dr Ф [7 b d 
152 ~116 
136 -89 
134 -92 
























(162) 





(1163 





{-62) 


Cys Lysi 15} Ala 16} Arg 
Tyr Argi63) Неба) Arg 
Pro Met(73) Vai(?4) Tyr 
Ala Tyr Val Val 


ee rn 
Corresponding data (in parentheses) for a hypothetical substrate ^? productively bound to subtilisin BPN' are only provisional. Dihedral angles within 35° of the 


corresponding ones in SSI are outlined. 


between SSI and BPTI (or STI) was clear, although there is some 
topological resemblance between residues 6—43 of BPTI and 
residues 60-103 of SSI (details will be published elsewhere)". 
Most probably, the three inhibitors have evolved convergently 
from independent ancestral proteins, for the common purpose 
of inhibiting serine proteinases, and resulting in a similarity of 
the reactive site alone. 

It is interesting that there are already three distinct patterns of 
‘protein proteinase inhibitor fold’, and the number of such folds 
is likely to increase, as there are many examples (such as soybean 
Bowman-Birk inhibitor) of compounds whose structure cannot 
be similar to any of the known folds, because they have a 
different pattern of disulphide bridging’. In contrast, the serine 
proteinases, the target molecules, show only two basic patterns 
of chain folding, those of trypsin and subtilisin. 


Structure of the complex molecule 


The mixture (~1:2) of SSI and purified subtilisin 
BPN'(EC3.4.21.14) (Nagase, lot. 7370935) in 0.05 M Tris-HCl 
buffer (pH 7.5) was separated from excess inhibitors and auto- 
digested enzymes by gel filtration. The crystals were easily 
obtained by leaving the main fractions in a cold room'*. The 
structure was solved at 4.3 Á resolution using two heavy-atom 
derivatives, (NH,);Pt(NO;), and К,РІСІ,, for which the ratio 
r.m.s. heavy-atom structure factor/r.m.s. lack-of-closure error 
for the 3,550 independent reflections was 16.4/7.6 and 
15.7/7.3, respectively, and of which details will be published 
elsewhere. 

The model shown in Fig. 3 was first constructed using a rough 
correspondence in reactive site conformation between SSI anda 


The model is based on the coordinates determined for the 
crystals of SSI alone and subtilisin BPN’ alone****. Thus, in the 
actual structure, induced fit could cause movement of, for 
example, Tyr-104 of the enzyme (as observed in the difference 
Fourier studies??^*' on subtilisin BPN’). As in trypsin 
inhibitors?$, the sequence of P, (Met-70', (prime indicates the 
inhibitor)), P4 (Cys-71'), P; (Pro-72') and P, (Met-73’) makes an 
antiparallel B-sheet with the Ser-125-Gly-127 sequence of the 
enzyme. A possible scheme for hydrogen bonding is shown. 
Discussion of the nature of the interaction between the suscep- 
tible bond and the active serine (Ser-221) must await high 
resolution studies. 

There are two kinds of interaction which differ from those 
made by trypsin inhibitors?^. First, Р, (Met-70'), Р, (Asp-68)) 
and P; (Glu-67’) are still on the surface of the enzyme. Although 
the precise mode of interaction involving these residues cannot 
yet be considered because of their flexibility in the SSI crystal, 
the proximity of Р, to Gly-102, Glu-103 and Туг-104 and of Pe 
and P; to Ser-130 is clear. In the complex crystals, the electron 
density for the region Glu-67' to Met-70' is comparable with 
that for other regions (Fig. 2). We may tentatively conclude that 
the flexible loop (Glu-67'-Met-70') of SSI becomes fixed on 
complex formation with subtilisin BPN'. We suggest that the P4 
and the subsequent (to the Nterminus) residues may be 
important for the interaction of substrates with subtilisin BPN’. 
Robertus et al.*° suggested that the S, site has a strong affinity for 
the phenylalanine side chain and that the site might have an 
important role in determining the cleavage point for the poly- 
peptide substrate. P5 (Asp-76') and the subsequent (to the C 
terminus) residues, on the other hand, are not in contact with the 
enzyme. 
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The second unique interaction made by SSI is located along 
the polypeptide chain close to the reactive site, through the 
71'-101' disulphide bridge. In this region, Ser-98' is close to 
Asn-155 and Glu-156, whereas Glu-102' is close to Glu-156 
(Fig. 4). Let us call this site of interaction the ‘secondary contact 
Tegion’, as opposed to the ‘primary contact region’ which is 
related to the reactive site residues (Glu-67'-Tyr-75^). The 
interaction through the secondary contact region is also present 
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in the complex of BPTI with ігурвіп?“. In this case, the residues 
Gly-36', Gly-37' and Cys-38', which are close to the reactive site 
through the 14—38 disulphide bridge, are on the surface of the 
enzyme. A hydrogen bond is present between the peptide 
carboxyl group of Gly-37' and the phenolic hydroxyl group of 
Tyr-94 (ref. 3). However, optimal superposition of BPTI on SSI 
(mentioned above) shows that the stereochemical relationship 
of the secondary site to the primary site is completely different 


Table 2 Comparison of ammo acd sequences of SSI!^ and plesmmnostreptin®” with those of the PSTI family 
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for the two inhibitors”. In- the case of STI, which has no 
disulphide bridge close to the reactive site, there cannot be a 


similar secondary contact region, although some interactions: 


other than those at the primary site are present*. 


Relation to pancreatic secretory inhibitor 
There is evidence for the close evolutionary relationship of 
pancreatic аш (Kazal) trypsin inhibitors (РЅТІ)“, 
acrosine inhibitors*®, canine submandibular inhibitors" and 
avian ovomucoids“*. "Let us provisionally call this ‘family’ of 
trypsin inhibitors the PSTI family. Moreoever, Ikenaka et al.“ 
discovered a homology between SSI and PSTI. To a recent 
exhaustive list of the PSTI family made by Laskowski“, data for 
SSI'* and plasminostreptin" have been added (Table 2). In the 
reactive site (the primary contact region) the homology between 
the SSI sub-family (including plasminostreptin) and the PSTI 
‘family extends over 19 residues, ranging from Glu-67' to Val- 
85' of SSI. Another homologous region exists between Val-96' 
and Glu-102' of SSI". In both the PSTI family and the SSI 
sub-family, the cystine corresponding to Cys-71' of SSI is 
connected to that corresponding to Cys-101' of SSI. Surpris- 
ingly, this second homologous region is exactly-the same as the 
secondary contact region mentioned above. In SSI, the side 
chain of Glu-100' is exposed to the solvent, making no contact 
with either gubtilisin or other parts of SSL Thus the frequent 
replacement of this residue by a lysine having opposite charge is 
understandable. Asn-99', having no contact with subtilisin, 


seems to act as a spacer between the primary and secondary. 


contact regions. The persistent conservation of this asparagine 
residue might reflect such a role. The replacement of this residue 
by histidine inactivates the inhibitor (Laskowski, personal 
communication). 

Ser-98’ makes contacts with Asn-155 and Glu-156. The 
replacement of this residue seems to be mostly restricted to the 
residues with stereochemically similar side chains. The same 
restriction seems to apply to Glu-102’ the other residue making 
direct contact with subtilisin. The other highly conserved resi- 
dues, Phe-97' and Val-96', make no contacts with subtilisin. 
However, Phe-97' seems to have the important role of fixing the 
secondary contact region to the rest of the molecule, with its 
benzene ring being tightly held by Met-103', His-106' and 
Arg-95'. Based on these findings it is very tempting to conclude 
that the inhibitors of the SSI sub-family and those of PSTI family 
are evolutionarily related despite their large phylogenetic dis- 
tances. The inhibitor from leech“ (see Table 2) supports this 
hypothesis. However, before it can be confirmed, many more 
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inhibitors from sources : phylogenetically located between 
bacteria and mammals must be sequenced, and we plan a crystal 
structure analysis of a complex of PSTI-with trypsin. 


Origin of proteinase specificity" 

SSI strongly inhibits subtilisin BPN’ but only weakly inhibits 
a-chymotrypsin and trypsin'’"?, BPTI and STI, on the other 
hand, strongly inhibit mammalian serine proteinases of the 
trypsin family but do not inhibit subtilisin BPN’ (ref. 1). Using 
the same principle as that used for preparing Fig. 3, a hypotheti- 
cal complex of subtilisin with BPTI or STI can be generated. In 
the case of BPTI, there are serious overlaps of atoms around 
Cys-38' of BPTI and around Gly-100 of subtilisin. Inspection of 
the model shows that these cannot be avoided by adjusting the 
relative orientation of the two molecules. The same situation 
exists for STI, where the overlaps are between-atoms around 
His-71' of STI and Ala-99 of subtilisin. The reason that BPTI 
and STI do not inhibit subtilisin BPN' is simply due to the steric 
hindrance of atoms not belonging to the reactive site. In a 
complex of SSI with trypsin, on the other hand, there is no such 
obvious steric hindrance. The reason for weaker inhibition of 
trypsin!! must lie in the reactive site itself. It should first be noted 
that P, of BPTI (Lys-15^) and STI (Arg-63’) form a strong ion 
pair with a carboxyl group (Asp-189) of trypsin?5. For SSI 
having Met-73' as Р,, the carboxyl group would constitute an 
isolated minus charge in the 581: trypsin complex. In subtilisin 
BPN’, there is no charged group in the S; сгеуісе“, and the fit of 
the methionyl side chain seems ideal. Plasminostreptin with 
lysine as P, moderately inhibits both trypsin and subtilisin BPN’ 
(К, = 107*М)??. Apart from P,, we note that P4 is arginine in 
both BPTI and STL. The guanidium ion has no complementary 
charge in the corresponding crevice of trypsin and, in this sense, 
tyrosine (in SSI) or phenylalanine (in plasminostreptin) might be 
more favourable. The P; residue has a bulky group in both BPTI 
(Cys-14^ and STI (Tyr-62^, but has only a moderately bulky 
group in SSI (Pro-72^) and plasminostreptin (Thr-68^. Recently, 
Fujiwara ef al”? estimated K, for the SSI- thiolsubtilisin 
complex to be 1.3x 107 M at pH 7.0. The finding that the 
introduction of an atom with van der Waals radius larger only by 


‘0.45 A results in dramatic weakening of the association, 


suggests that the strong affinity between SSI and subtilisin BPN’ 
is highly dependent on the precise geometrical fit between the 


| two molecules. 
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The E. coli gene encoding heat stable toxin 


is a bacterial transposon 


flanked by inverted repeats of 187 
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Restriction endonuclease subclones of the Escherichia coli 
gene encoding the heat stable (ST) toxin exhibit a stem and 
loop structure similar to those seen in many procaryotic 
transposons. An EcoRI DNA fragment encoding tetra- 
cycline (Tc) resistance but no transposition functions was 
spliced into the ST gene in one of these subclones. By 
monitoring Tc', we were able to show that the ST gene 
transposes. Restriction and DNA sequence data strongly 
suggest that the ST transposon, Tn1681, is flanked by 
inverted repeats of IS1. 


ENTEROTOXIGENIC Escherichia coli have been implicated in 
diarrhoeal disease of pigs, cattle, sheep and man’. Toxigenic 
strains of E. coli elaborate two types of toxins, one heat labile 
(LT) and the other heat stable (571). Like cholera toxin, LT 
stimulates adenyl cyclase; moreover it is immunologically cross 
reactive with cholera antitoxin"?. LT activity is assayed using 
either Chinese hamster ovary cells (CHO)* orY-1 adrenal 
mouse cells'?. ST is small (less than 5,000 MW)!""!2, is nonim- 
munogenic and probably exerts its toxic effects via stimulation of 
guanylate cyclase ^, ST activity is assayed in suckling mice. 
The genetic determinants for both toxins are plasmid borne and 
can occur together on the same plasmid or separately!$ 7. We 
have reported the cloning of the gene which encodes the LT 
toxin as a DNA fragment of 3.0 kilobases'* and the gene which 
encodes the ST toxin as a fragment of 8.9 kilobases'?. We report 
here the subcloning of the' ST determinant into restriction 
fragments ranging in size from 3.4 to 0.4 kilobases. Detailed 
study of one of these subclones revealed that the ST gene resides 
on a transposon flanked by inverted repeats of 151. 


Subcloning the ST gene 


The construction of a plasmid hybrid (ESF3001) consisting of an 
8.9 kilobase EcoRI fragment encoding the ST toxin cloned into 
RSF2124 (ref. 19) has been described. Cleavage of this fragment 
with BamHI results in two fragments of approximately 5.6 and 
3.4 kilobases (Fig. 1a). These two BamHI-EcoRI fragments 
were cloned separately in pBR322 which had been cleaved with 
BamHI and EcoRI. Removal of the internal BamHI-EcoRI 
fragment from pBR322 results in a tetracycline sensitive (Tc") 
phenotype since the BamHI site is within the Tc resistance 
gene”. Following transformation into E. coli RR1 (refs 20, 21), 
clones were selected for resistance to ampicillin (Ap) and then 
tested for sensitivity to Tc. The restriction pattern of plasmids 
from six clones exhibiting the Ap' Tc' phenotype were examined 
and found to contain either the 5.6 or 3.4 kilobase insert. Only 
the clones containing the 3.4 kilobase insert produced ST. One 
such clone was used for further study and was designated pMS2. 

Digestion of the pMS2 insert with Psd results in three frag- 
ments of 1.7, 1.4 and 0.3 kilobases (Fig. 1a). The central 
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1.7 kilobase Рзй fragment (Fig. 15) was cloned in the PstI site of 
pBR322. The single Psd site within pBR322 occurs in a region 
encoding Ap resistance”. Transformants were therefore selec- 
ted for Tc’ and checked for sensitivity to Ap. Tc’ Ap' clones 
contained the 1.7 kilobase insert and produced ST. One such 
clone was used for further study and was designated pMS3. 


Characterisation of the ST clones 


Examination of single-stranded DNA from the ESF3001 plas- 
mid which contains the EcoRI ST* fragment in the electron 
microscope? reveals the presence of a prominent inverted 
repeat (double-stranded segment) flanking a shorter single- 
stranded region (Fig. 2a). Measurement of this double-stranded 
segment relative to native relaxed pSC101 DNA (9.4 kilobase) 
included in the same grid places the size of the inverted repeat at 
760 base pairs. Examination of the BamHI—EcoRI and the Psi 
fragments shows that the inverted repeat’ is present in these 
inserts (Fig. 2b,c). The Рзй sites are apparently within the 
inverted repeat since the double-stranded portion of the single 
stranded Psti fragment is shorter than the original length by 
approximately 180 base pairs. 

Figure 1b shows a restriction map of the pMS3 insert. Since 
the Рзй fragment has an inverted repeat (IR), restriction sites 
within the IR would be symmetrically arranged and digestion 
with these restriction enzymes would yield two DNA fragments 
of identical molecular weight. Digestion of the РУЙ fragment 
with Alul yields fragments of 392 base pairs (two fragments), 
102 base pairs (two fragments), 350 and 290 base pairs, when 
calibrated with НілсП fragments of X174 RFI РМА”. The 
Alul sites giving rise to the largest and the smallest fragments 
would therefore lie within the IR. 

Many antibiotic resistance determinants are known to be 
transposable; they lie in discrete regions of DNA bounded by 
inverted repeated sequences (see ref. 24 for review). Tbe cloned 
fragments of DNA containing the ST gene exhibit strikingly 
similar morphology. By analogy to known transposable genetic 
determinants, the ST gene would be expected to lie within the 
area comprising the loop in the stem and loop structure visu- 
alised in the electron microscope. Referring to the map (Fig. 1) 
the site would be located within the area delineated by the two 
middle Alul fragments. These two Alul fragments were purified 
and cloned separately in the HindIII site of pBR322. Since 
DNA cleaved with Alul contains duplex or ‘flush’ ends, the Alul 
fragments were.ligated to synthetic decameric oligodeoxy- 
nucleotides, ог: ‘linkers’, encoding the restriction site for 
Ніпії?°. Neither Alul fragments thus cloned gave rise to an 
ST* phenotype. In the same experiment we also cloned the 113 
base pair Alul fragment. These clones were also ST. 

In a separate experiment a partial Alul digest of the Psd 
fragment produced a double Alul fragment consisting of the 350 
and 290 base pair fragments. This Alul double fragment was 
subsequently purified and cloned into pBR322 again using the 
Ніла linkers. Clones containing this 640 base pair fragment 
were ST”. It thus seems that the middle Alu] site is within an 
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Fig. 1 Restriction maps of a, the 8.9 kilobase ESF3001 EcoRI 
insert and 5, the 1.7 kilobase pMS3 Psil insert. Restriction enzyme 
analyses of DNA fragments were performed in conditions 
recommended by the suppliers. Alul, BamHI and Hincll were 
obtained from New England Biolabs; HindIII from Boerhinger- 
Mannheim. Pstl and EcoRI were purified in the laboratory accord- 
ing to the procedure of Greenet”. DNA fragments were elec- 
trophoresed in 0.8% agarose in Tris-borate buffer*', with EcoRI 
fragments of à phage as molecular markers; or in 7% acrylamide in 
Tris-borate buffer, with Hincll fragments of ®X174 RFI DNA as 
markers??. Alul sites were not mapped beyond the 1.7 kilobase 
Pstl fragment. 


area essential for ST expression. Plasmids containing this frag- 
ment are termed pMS6. 

Restriction analysis of the pMS2 insert has already shown that 
there is a Hincll site close to the centre of the fragment within 50 
base pairs of the middle Alul site. To determine if this Hincll 
site is also necessary for ST expression, we mutated the site by 
ligating into it the HindIII linkers. There are three Hincll sites 
within pMS2, two of them within pBR322 (ref. 20). pMS2 
plasmid DNA was digested with HinclI in conditions which 
allowed on the average one cleavage per molecule, so that the 
majority of the DNA consists of unit-length linear molecules. 
Kinase-treated HindIII linkers were added at a molar ratio of 
decamer to plasmid of 25: 1, and ligated with T4 polynucleotide 
ligase. The DNA was restricted with Hindlll to generate 
cohesive termini and the preparation electrophoresed through 
an acrylamide gel. Unit-length linear DNA was extracted from 
the acrylamide, circularised with E. coli DNA ligase and used to 
transform E. coli RR1. Transformants were selected for Ap' and 
the plasmid DNA analysed for the location of the new HindIII 
site. Plasmids containing the HindIII insertion at the location of 
the former Hincll site had the ST” phenotype. These plasmids 
were designated pMS2a. 
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Identification of the inverted repeats flanking 
the ST gene 


Several lines of evidence strongly suggest that the inverted 
repeat flanking the ST gene sequence is 15 1. The estimated size 
of the ST inverted repeat (760 base pairs) is similar to that given 
by Ohtsubo for 151 (768 base pairs) (ref. 26). In addition, 
Ohtsubo reported that in IS/ there are two Alul sites within the 
region delineated by the РП site and the right hand end of IS 7. 
The sizes of these fragments are (Psrl-AluI) 407 base pairs, 
(Alul-Alul) 113 base pairs, and ( Alul-end of right end) 66 base 
pairs; these values agree well with those estimated for the 
corresponding fragments of the ST inverted repeat: (Pstl-Alul) 
392 base pairs, (Alul-Alul) 102 base pairs and ( Alul-end of ST 
IR) 66 base pairs. 

The nucleotide sequence of the pMS6 insert was determined 
using the Maxam and Gilbert procedure"; the complete 
sequence will be reported elsewhere. The first and last 66 bases 
of the sequence are inversely repeated relative to each other. 
The top line of Fig. 3 shows the first 70 bases of the sequence. 
The first and last 66 bases comprise the end of the inverted 
repeat proximal to the loop as seen in the electron micrographs; 
comparison of the sequence with the last 66 bases of the right 
hand end of IS1 (ref. 27) (bottom line) show that the sequences 
are identical; thus, we conclude that the ST gene is flanked by 
inverted repeats of IS/. 


Transposability of the ST gene 


The lack of a direct method of selection for the ST gene has 
hampered efforts to test for its transposability. However, the 
restriction sites within an area essential for ST expression pro- 
vided a means to test this possibility. Antibiotic resistance genes 
can be inserted into that region and the resistance marker used 
to monitor transposability and to measure the frequency of 
transposition. For these experiments, pMS2 was used because it 
contains the entire inverted repeat. Octameric linkers contain- 
ing the recognition sequence for EcoRI was ligated into the 
Hincll site of the BamHI-ECcoRI insert as described above. A 
2.4 kilobase EcoRI fragment encoding resistance to Tc but 
specifying no transposition functions was ligated into the newly 
generated EcoRI site. This fragment was originally cloned out of 
pBR322 using EcoRI linkers”. As the cloning vehicle retains a 
portion of its own tetracycline resistance genes, the resultant 
hybrid was transformed into the recA strain MV12(RSF2001) 
to preclude recombination with the newly introduced Tc' genes. 
RSF2001 is a kanamycin resistant derivative of F (ref. 29). 
Transformants were selected for resistance to Tc and plasmid 
DNA from these clones were examined for the presence of the 
EcoRI-Tc' fragment. One clone containing this fragment was 
used for the transposition studies and is designated pMS2b. 





Fig. 2 Electron micrographs of single stranded DNA of a, ESF3001 plasmid; b, the 3.4 kilobase pMS2 BamHI-EcoRI fragment; c, the 
1.4 kilobase PMS3 Psil fragment. Preparations of single stranded DNA fragments for microscopy were obtained by the procedure of Davis Я 
and were examined using а JEOL 100В or a Philips 301. Micrographs in (b) and (c) were taken at the same (28,000) magnification. 
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Fig. Э Nucleotide sequence of (top line) the first 70 bases of the 

pMS6 insert encoding ST, and (bottom hne) the last 76 bases of the 

right band end of IS1 (as published by Ohtsubo”*). The nucleotide 

sequence of the pMS6 insert was determined as described by 

Maxam and Gilbert". DNA fragments *?P-labelled at one 5' 

terminus were obtained either by cleavage of the labelled fragment 
with a restrichon enzyme or by strand seperation?". 


A method for the detection of transposition of an antibiotic 
resistance gene from a CoIE1 type plasmid has been described 
previously^'. ColE1 has a strict dependence on the poll function 
of E. coli? while F-type plasmids do not. The strain 
MV12(RSF2001, pMS2b) was mated in 2.0 ml L broth with the 
nalidixic acid resistant (Nx') poll strain SF800 (ref. 29) at a 
donor to recipient ratio of 1:3. After 1 h of gentle shaking at 


37 °С cells were plated on fresh MacConkey agar containing 20 


ug mI! Nx, 5 ug ml ! Tc. Since pMS2b is a CoIE1 derivative, it 
cannot be maintained in SF800; Tc' transconjugants arise only 
on transposition of the EcoR1-Tc' fragment from pMS2b to the 
plasmid RSF2001 and the subsequent conjugal transfer of 
RSF2001Tc' to SF800. Nx' Tc clones were observed in three 
separate mating experiments. Six of these clones were isolated 
and all were able to retransfer Tc' and Kan' together in 
subsequent 1-h matings with HB101 or RR1 as recipients. The 
frequency of transposition of the EcoRI-Tc' fragment by the ST 


n, expressed relative to the frequency of RSF2001 - 


transposo 

transfer to SF800, is ~4x10™%. In the same experiments, 
MV12(ESF2001,pBR322) yielded Nx'Tc' transconjugants in 
frequencies of «0.01 x 10% when crossed with SF800. 

We examined 20 of these Tc'Kan' exconjugant clones from 
the MV12(RSF2001,pMS2b) x W3110 matings and found them 
to be also Ap’ and colicin immune indicating that the RSF2001 
recipient plasmid contains the ColE1 portion of the pMS2b 
genome in addition to the ST gene. This event is IS] mediated 
and is recA independent. These observations are analogous to 
those of Jeffrey Miller (person communication) on Tn9, a 
transposon flanked by direct repeats of IS1 (ref. 31). Using the 
same detection system he observes that transposition of Tn9 
from a CoIE1 derivative onto F results in plasmid cointegrates in 
which two complete copies of Tn9 have inserted into F as direct 
repeats flanking ColE1. Our preliminary results suggest the 
same sequence organisation in the recipient plasmid. In view of 
the observation that the transconjugants are in fact plasmid 
cointegrates it can be argued that the ST gene is not a true 
transposon. However, in rec* conditions the flanking direct 
repeats of the ST sequences recombine, leaving only a single 
copy of the ST transposon on RSF2001. Thus the end product is 
identical to a transposition event and it would be difficult to 
argue that transposition does not normally occur with such a 
transitory intermediate. In fact, transposition of certain mutants 
of Tn3 onto RSF2001 results in cointegrate plasmids with an 
identical sequence arrangement (Tn3-ColE1-Tn3) (ref. 32). 
Perhaps we are observing in these Tn3 mutants what would 
normally be an intermediate in the transposition process. 


Discussion 


Many plasmid mediated bacterial genetic determinants are 
known to be on transposons. They were first characterised in 
genes specifying antibiotic resistance in E. coli and Salmonella 
(sec ref. 24 for review). More recently, transposons have been 
described in Pseudomonas specifying enzymes involved in 
resistance to mercunc ions" and in the degradation of toluenes 
and xylenes™, and in Yersinia specifying enzymes for the utilis- 
ation of lactose". To our knowledge the ST gene is the first 
pathogenic determinant shown to be on a transposon. 

Most transposons are flanked by repeated sequences whose 
identities have yet to be established. Tn10 is reported to be 
flanked by inverted repeats of IS3 (ref. 31) while in the case of 
Tn9 the chloramphenicol resistance (Cm) genes are flanked by 
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direct repeats of IS1 (ref. 36). Direct repeats of 151 have also 
been found on several R factors of the fi* class bracketing the 
resistance determinants (see ref. 37 for review). The ST trans- 
poson is the first instance in which the ends are flanked by 
inverted repeats of IS1. That IS1 can occur in both orientations 
suggests that the directionality of IS1 is not an important factor 
in transposition. On the other hand, Ohtsubo has reported the 
presence of short terminal inverted repeats within the ISI 
sequence itself; thus regardless of the orientation of the two IS 1, 
the intervening genes still would be flanked by inverted repeats. 
And it is these internal inverted repeats which may play an 
essential role in transposition. 

Transposable elements known to date confer easily detectable 
phenotypes. This, in fact, is how their transposability was first 
Observed. Many other genetic determinants are not as amenable 
to such analysis because, like ST, their detection is difficult. 
Splicing an antibiotic resistance marker into such a gene to 
monitor transposition is a useful general strategy in such cases. 
The transposability of the ST gene accounts for the hetero- 
geneity of the ST plasmids, which differ in their molecular size, 
96 G-- C content and incompatibility grouping! *. A Psfl frag- 
ment of similar molecular weight encoding the ST toxin has been 
cloned from an E. coli enteropathogenic for pigs (N. Harford, 
personal communication). It would not be surprising then if the 
ST toxins elaborated by E. coli strains are closely related if not 
identical proteins. 

Simple acquisition of an ST plasmid does not render an E. coli 
pathogenic. Besides producing ST, a strain must also elaborate 
an adherence or colonisation factor (CF) before it can become 
fully раћовепіс! 20, Such factors are plasmid encoded and 
are cell and animal specific. The colonisation factor is expressed 
as filamentous cell surface proteins which enable the organism to 
adhere to the mucosa of the upper bowels of the animals, an area 
normally devoid of such organisms. In addition, diarrhoeagenic 
E. coli isolated from pigs elaborate a CF different from those 
isolated from calves or man. In the course of association 
between an ST and a CF plasmid within a pathogenic E. coli one 
would expect the eventual acquisition of the ST gene by a CF 
plasmid. Indeed such a case has been found. A plasmid encoding 
the human colonisation factor has been shown to harbour the ST 
gene as well (P. Shipley, personal communication). 

Other pathogenic determinants such as the heat labile (LT) 
toxin and the K antigens may also reside on transposons. Silva et 
al. have reported the presence of inverted repeats bounding an 
area known to contain genes for both the ST and the LT in & 
plasmid isolate of an enteropathogenic E. coli*'. Transposition 
has proved to be an important mechanism in the dissemination 
of antibiotic resistance; it may ultimately prove to be as common 
a mechanism as conjugation and phage conversion by which 
pathogenic determinants are acquired by bacterial genomes. 
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Death throes of massive stars 


MASSIVE stars undergo violent deaths, forming the type II 
supernovae believed to result from gravitational collapse of the 
stellar cores. Such an event may be recognised by the optical 
outburst which occurs when the thermal and kinetic energy 
generated by the collapse propagates to the stellar photosphere. 
This occurs ~5-20 d after the collapse’. However, the optical 
data are incomplete in the sense that supernovae are invariably 
discovered at or shortly after peak optical intensity so only the 
decline from maximum brightness has been recorded in any 
detail. In addition, various theoretical models suggest that the 
optical radiation will be preceded by bursts of other forms of 
energy (neutrinos, gravitational waves, y and X rays). Detection 
of these bursts, as well as of the early part of the optical light 
curve, would be greatly facilitated if the occurrence of a super- 
nova could be predicted on the basis of the pre-supernova 
behaviour of the star. We show here that neutrino emission in 
the final stages of nuclear burning (as originally proposed by 
Morrison?) could, in principle, provide such a warning, though 
the current practical limitations are severe. 

Our results are based on a study of the final stages of evolution 
of a 15M s star (details will be published elsewhere). The 


evolution through hydrogen, helium, and carbon burning was. 


computed with a hydrostatic stellar evolution code). The 
subsequent stages (neon, oxygen, and silicon burning) were 
followed with an implicit hydrodynamic code*. The nuclear 
reaction network included the species 1H, *He, ?C, **O, Ne, 
?*Mg, ?*Si, 226, "5 Ar, and “Fe. Neutrino emission was computed 





Fig.1 Cross-section (not to scale) of the star at the beginning of 
the silicon-burning phase. Jagged lines indicate active burning 
regions. The composition of the O and Si zones consist of a number 
of species; PUN ote DEM ie tee anc (HT Mab ИА 
contained in the Si zone. 
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according to the rates of Beaudet et al. which include the pair-, 
photo-, and plasma-neutrino processes. The Weinberg-Salam 
model for weak interactions suggests that these rates should be 
revised üpwards5, but experimental evidence’ indicates that the 
correction is less than a factor of 2. All of these processes 
produce equal numbers of (electron) neutrinos and antineu- 

The strücture of the star at the start of the period of intense 
neutrino emission is shown in Fig. 1. This represents the begin- 
ning of the core-silicon-burning phase. The results of the cal- 
culations for the subsequent evolution are shown in Fig. 2, in 
which nuclear burning and neutrino energy emission rates are 
plotted against time. Average ncutrino energies at represen- 
tative times are also indicated. As the dominant neutrino emis- 
sion process is the destruction of electron-positron pairs, the 
neutrino energies include the 0.511 MeV rest-mass energy of 
the annihilated particles. The first (broad) peak in neutrino 
emission represents core silicon burning, which occurs several 
months before collapse, and subsequent (sharp) peaks are due to 
increasingly violent shell flashes. The last major burst cor- 
responds to a silicon flash —4 d before collapse. We should 
emphasise that, although the nuclear energy generation rate 
varies by 7 orders of magnitude during this period, no detectable 
variations in the surface photon luminosity occur. To an optical 
observer, the star appears as a perfectly normat red supergiant 
and gives no warning of the impending explosion. 

To examine the detectability of the predicted fluxes, the 
background levels over which the stellar neutrinos (or antineu- 
trinos) must dominate should be considered. For this purpose we 
choose the last peak, at which time the neutrino (plus antineu- 
trino) luminosity is 6107'Z. and the average energy per 
particle is 0.83 MeV. For the neutrinos, the main background is 
the Sun. Optimal discrimination against solar neutrinos is 
afforded by a detector which is insensitive to the copious p-p 
neutrinos, such as the "Cl experiment of Davis*. The condition 
that the capture rate for stellar neutrinos be greater than for 
solar neutrinos is 


OF _>LooFo=1.6X10% в! (1) 


where we have used the measured value for the solar neutrino 
capture rate’. With о, 22.4 x 107% cm?, we find that the pre- 
supernova object would have to be within 34 pc to be detected. 
Obviously this is unacceptable. Note that Bahcall’® has esti- 
mated that the neutrino burst due to core collapse would be 
detectable at a distance of 4.5 kpc. However, radiochemical 
detectors are generally not very suitable for supernova predic- 
tion as they involve long integration times and give no direc- 
tional information. 

The situation is more favourable for the antineutrinos, where 
the solar background is negligible and the main background is 
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Time before collapse (months) 


Fig.2 Total energy emission due to neutrino pairs (solid line) and 

energy generation by nuclear reactions (dashed line) as functions of 

time. Average neutrino energies are indicated at various points. 

The E, = 0.83 MeV notation refers specifically to the last silicon 
flesh. 


due to radioactive decays in the Earth's crust. The flux of 
terrestrial antineutrinos is not well known, but it is estimated to 
be Fre ~ 3.5 x 10* cm? 3 5, if we eliminate the decays with peak 
energies below 0.5 MeV". As the remaining decays yield ener- 
gies comparable to the expected stellar antineutrino energies, 
we can directly compare fluxes, without referring to cross- 
sections for a particular detector. The condition F,, > Ку now 
leads to a distance limit of 1.5 kpc. With an expected event rate 
of ~0.1 supernova yr! in the entire Galaxy, this is not very 
encouraging. If we wish to monitor the entire Galaxy, a space 
experiment would be necessary. For a satellite in geosyn- 
chronous orbit, the terrestrial antineutrino background would 
be negligible, although the technical difficulties involved in 
designing a suitably sensitive detector should not be under- 
estimated. 


Antineutrinos emitted by massive stars in the final stages of 
nuclear burning could then be used to predict supernovae, 
though major improvements in detection techniques would be 
required. Note that the results presented above apply to a 
particular stellar mass (15 Mo) and that other masses might give 
substantially higher fluxes. 

S. S. thanks the National Research Council for support in the 
form of a Senior Research Associateship, and A. S. E. thanks the 
NSF for grant no. AST78-08611. 
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An ultraviolet spectrum of 
the high redshift quasar Q2204 — 408 


AN ultraviolet spectrum of the radio-quiet quasar Q2204 — 408, 
redshift z 23.18 (ref. 1), detected with the International 
Ultraviolet Explorer (IUE) is reportzd here. The object was 
selected for observation because of it3 high Lyman-a flux and 
the absence of a cut-off at the Lyman limit. The spectrum was 
obtained on 9 August 1978 with the short wavelength spec- 
trograph which covers the range 1,:50-1,950А (ref. 2). A 
finder field for Q2204 — 408 has besn given by Osmer and 
Smith! and as the quasar is too faint (21, 17.5) to be detected 
by the fine error sensor of IUE, a blind off-set technique was 
used to image the quasar in the large (10 x 20 arc s) aperture of 
the short wavelength spectrograph. A very faint continuous 
spectrum of average signal ~5 DN above a background of 
~60 DN was detected after an exposure of 350 min. (DN stands 
for data number and 256 DN gives full scale.) An emission 
feature is also probably present at 1,270 A (304 A in the rest 
frame of the source). 

A computer program was developed to track the spectrum in 
both the raw and the photometrically corrected images. The 
data, in a strip 18 pixels wide and centred on the spectrum, were 
extracted without rebinning and only wavelengths longer than 
the night-sky Lyman = line have Беса considered. The data in 
the photometrically corrected image were compared with those 
in the raw image, and a visual examination made of the photo- 
write of the raw image so as to identify and remove signals 
caused by cosmic ray events and other noise spikes. The data in 
the central 6-pixel wide strip were combined and a background 
correction made by subtracting the smoothed signal on either 
side, thus giving the net spectrum. The signals were converted to 
absolute fluxes with the most recent? absolute efficiency of the 
short wavelength spectrograph. À scaling factor was used to 
convert the бох value obtained with the data extracting pro- 
cedure used here to that which would be obtained with the 
extraction procedure used to derive the absolute efficiency of the 
spectrograph. This was determined to be —1.2 by reducing the 
spectrum of the quasar MKN205 (alsc observed by us) with the 
two extracting procedures, and compering the outputs. 

The spectrum of Q2204 — 408 was averaged in 100 À bands 
and the resulting fluxes and central wavelengths are given in 
Table 1. The r.m.s. errors are also given and the increase at the 
longer wavelengths is due to a high Iccal background that was 
accumulated during the long exposure The data between 1,400 
and 1,500 А have not been used, as they lie in a sensitivity 
minimum of the instrument (caused bx the photocathode in the 
camera) where the signal becomes too low to be significant. 
Because of the large errors, the UV дага have been combined to 
give the weighted mean listed in Table 1, where the error has 
been increased to allow for the uncertainty of —1096 in the 
absolute calibration’. The UV flux сал now be compared with 
the visible flux measurement of Osmer and Smith! also given in 
the Table. 





Table 1 Fluxes and central wavelemgths for Q2204 — 408 





Wavelength (À) Wavelength (À) 
Rest frame of - Flux Rest frame of 
observer (10715 erg cm? 37! 47!) source 
1,350 4.21.0 323 
1,650 10.4+1.4 395 
1,750 9.9+49 419 
1,850 5.53.4 442 
1,480* 6.31.0 354 
6,1651 2.9 1,475 
*UV welghted mean. 
tFrom Osmer and Smith’. 
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As usual, we assume a continuum flux distribution in 
frequency terms of the form f(v)av ^ and from the UV and 
visible data derive a value for the spectral index a = 1.5 x 0.3. 
This is in the range found for quasars from optical and radio data 
and shows that the non-thermal continuum extends to 
wavelengths as short as ~300 A in the rest frame of the source. 
It also confirms the great transparency of the intergalactic 
medium which has been well established by several workers 
(see, for example, refs 4, 5). A difference here is that the 
Observed flux has been subjected to the full absorption charac- 
teristics of neutral hydrogen, that is, in the Lyman continuum 
and Lyman series, and this occurs in a local epoch (z « 1). 
Additionally, the flux will suffer absorption by any intergalactic 
neutral helium in the early epoch z ~ 2-3. 

The extracted spectrum shows an emission feature near 
1,270 A which is probably real. Its wavelength is uncertain 
because the only internal standard is provided by the night-sky 
Lyman а line whose signal is saturated. However, the 
wavelength is clearly close to 304 A in the rest frame of the 
quasar and the feature is likely to be the redshifted Hell 
resonance line. Its total intensity is estimated as ~2 х 
107^ erg cm? s^! which сап be compared with the intensity of 
(Lyman а + NV) = 11x 107^ erg cm? s^! given by Osmer and 
Smith’. Further observations are being made which should 
confirm the reality of the feature. 

The observations were carried out during UK time awarded 
by the SRC at the ESA Ground Station near Madrid. We 
acknowledge the support of Dr A. Heck and Mr F. Pevar during 
Observations, and of Dr N. Argue in measuring off-sets. 
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The August 1972 solar proton 
event and the atmospheric ozone layer 


OXIDES of nitrogen are generally accepted to be important for 
regulating the atmospheric ozone content through catalytic 
reactions first described by Crutzen’ and Johnston’. In the 
stratosphere, nitric oxide is produced naturally by the reaction 
of nitrous oxide, emanating from the biosphere, with excited 
oxygen atoms generated by ozone photolysis at wavelengths 
shorter than about 310 nm. As Crutzen et al.’ have pointed out, 
large amounts of nitric oxide may also be produced by high- 
energy solar protons, mainly at geomagnetic latitudes greater 
than 60°, and altitudes above about 35km. The ozone 
measurements reported here made during an intense solar 
proton event in August 1972 suggest that NO production rates 
due to ionising particles are higher than those calculated by 
Crutzen et al. 

This process of NO production is likely to occur in several 
steps: nitrogen molecules are ionised and dissociated by secon- 
dary electrons with energies in the range of tens to hundreds of 
electron volts. The subsequent reaction N+ О, > МО + Oisslow 
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and temperature dependent for ground N (*S) atoms, but not for 
electronically excited N (^D or ?P) atoms. As the electronic 
states of the N atoms were not known, Crutzen et al., in their 
computation of NO production rates for three major solar 
proton events, considered two extreme situations with either 
complete or no production of N atoms in the excited states. 

Recent rocket measurements of mesospheric and ther- 
mospheric nitric oxide concentrations revealed strong 
enhancements during auroral particle precipitation events (ref. 
4 and F. Arnold, personal communication). From these 
measurements, and simultaneous measurements of ionisation 
rates, it is inferred that the NO-production rate is about 2-2.5 
times the ionisation rate, while Crutzen et al. base their esti- 
mates on 1.5 mol per ion pair, as given by Winters’. These values 
imply that most of the N-atoms resulting from electron impact 
dissociation of N, are probably in an electronically excited 
state*. 

On 4 August 1972 а solar proton event occurred that was the 
most intense of any recorded within the past 25 yr. Ozone 
measurements made with the BUV experiment aboard the 
Nimbus 4 satellite during that period were the first ever to show 
unambiguously a decrease in stratospheric ozone due to a solar 
proton event. Figure 1 shows total ozone amounts above the 
4 mbar level, for three latitude belts, as published by Heath et 
al.5. Zonally averaged daily values are plotted with the respec- 
tive error bars for the months of July and August 1972. In the 
polar region, between 75? and 80? N, the event produced an 
abrupt decrease in ozone above 4 mbar, of about 0.002 atm ст 
or 1696, which apparently persisted throughout the month of 
August. At latitudes between 55 and 65? N a very sharp drop 
was noticed 2 d after the event followed by a slow decrease of 
5% within 8 d, and a gradual ‘recovery’ thereafter. Heath er al. 
interpreted this behaviour as being due to the advection of 
modified air from the source region, which is symmetric in 
geomagnetic coordinates by geographically orientated zonal 
motions, with the succeeding ‘recovery’ being similar to the 
seasonal changes found in other years in this latitude range. The 








XXX 


Sa SS 


T 
= 








Total ozone above 4 mbar (atm cm) 











0.013 - $ 
И 
F B 
OO lc ambe. SA Жыл ы и ao Hi 
= — = 
015 - | | | i 
0.013 i "m | | 
Boii | tia T^ 
eee tpt HY | 
TE Я Т. 
„4 ТШШЩ 
- i 4 
| A 
( | ji i 1 I. 2l 
SUME 5 10 15 20 25 30 5 10 * 20 25 30 
July 1972 August 1972 


Fig. 1 Zonally averaged total Оз, above the 4-mbar pressure 

surface for equatorial (a), middle (b), and high latitudes (c) during 

July and August 1972. The solar proton event occurred on 4 
August. After Heath er а15. 
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Fig. 2 Comparison of BUV-NIMBUS-A ozone data (a) with 

model prediction for high latitudes (b). The model results are 

plotted as relative depletions with respect to the ‘undisturbed’ level 

on 4 August, before the event The solid line bases on NO 

production rates as given by Crutzen ef al.. The dashed line 
includes Arnold's modification‘. 


ozone measured in the tropics are, although different from those 


observed in earlier years, not related uniquely to the proton. 


event. According to Heath ef al. the slow ozone increase during 
July and the steeper decline in August are likely to be partly due 
to an abnormal temperature decrease in July associated with a 
Southern Hemisphere stratospheric warming, followed by a 
recovery in August. 

As Crutzen et al? pointed out, studies of the ozone dis- 
tribution in the stratosphere in periods following certain proton 
eventz, may be important for validating numerical models of 
photochemistry and transport processes in the stratosphere. We 
have performed such modelling experiments using the Oxford 
zonally averaged, two-dimensional model, described in detail by 
Harwood and Pyle’. This time-dependent model extends from 
the South Pole to the North Pole, with 19 latitude belts of 
slightly less than 10? width, and from the Earth's surface to 
about 80 km altitude, with a height increment of about 3.5 km 
(0.5 pressure scale heights). Eddy fluxes of heat and matter are 
treated using large-scale diffusion coefficients, while the 
momentum fluxes are specified from temperature measure- 
ments made mainly by the selective chopper radiometer on the 
Nimbus 5 spacecraft. Radiative processes, such as the absorp- 
tion of solar radiation by ozone and the radiative cooling due to 
the CO, and O, emissions, are included in the model. The 
photochemical scheme, which was specified in the lowest 17 
layers corresponding to the lowest 60 km of the atmosphere, 
comprises the most important photochemical reactions deter- 
mining the concentrations of oxygen, nitrogen, and hydrogen 
compounds. Continuity equations are written for the following 
species or groups of species: 0, OD), O3; N, NO, NO4;; HNO,; 
H,0,: Н, OH, НО, (ref. 8). For the latter group the photo- 
chemical time scales are short and dynamical processes are 
1gnored. 

The solar proton simulation experiments were performed 
after the model had reached a quasi steady state thus ensuring 
that all trace gas variations were merely due to seasonal changes. 
On 4 August, when the event occurred, a sudden injection of 
NO was introduced in the model. In a first experiment we used 
NO production rates for the August 1972 event as calculated by 
Crutzen et al.’ for excited N atoms. (In fact, the differences of 
NO production rates between ground-state and excited N atoms 
only become important for altitudes above 50 km, whereas the 
highest ozone depletion rates through this effect are found 
below that altitude. Additional test runs showed that the ozone 
depletions for both cases differ by 796.) A second experiment 
was run with the same set of NO injection rates, but multiplied 
by a factor of 1.7 as suggested by Arnold's findings. For both 


È 


459 


cases the solar proton-produced NO was introduced at geo- 
graphical latitudes greater than 60°. It is inherent in our zonally 
averaged approach that geomagnetic and geographic latitudes 
are assumed to be coincident. The results of these experiments 
are given in Figs 2 and 3 for polar and mean latitudes, respec- 
tively. For comparison with the BUV data as taken from Fig. 1 
(scale on a) the model results are plotted as relative depletions 
with respect to the undisturbed conditions immediately before 
the proton event occurred (scale on 6). Total ozone was 
integrated above the 6.8 mbar level of the model which yielded 
the best match with the total ozone amounts indicated, obtained 
above 4 mbar by the BUV experiment. 

For the polar latitudes (Fig. 2) the model results fit the 
observations reasonably well when the NO production data by 
Crutzen et al? are increased by 1.7 as discussed earlier (dashed 
line). Without this modification, as shown by the solid line, the 
predicted ozone drop due to the proton event is too small. The 
same holds for the model results for the 55 to 65° latitude belt 
shown in Fig. 3. As this latitude region is covered by two 
adjacent latitude belts in the model, that is ~50 to 60° and ~60 
to 70°, predictions of ozone depletion for both are plotted 
separately. Superimposing the two dashed lines, corresponding 
to modified NO production rates, there is, within the accuracy 
indicated by the error bars, good agreement with the BUV 
observations, before the ‘recovery phase’ which starts after 
about 20 August. If the interpretation offered by Heath et al. for 
the mid-latitude changes is correct, we should not expect a 
zonally averaged model to reproduce all the details of the effect. 
Furthermore, one should bear in mind that the ozone shows 
natural variations illustrated best by those observed in the 
tropical region (Fig. 1a) where the solar proton event did not 
cause any measurable effect. 

We have investigated the changes in the ozone budget in the 
model following the event. Thus we have separated the net rate 
of change of ozone into contributions due to the photochemical 
and the mean and eddy transport terms. In high latitudes, the 
increased photochemical destruction during the event is 
counteracted to some extent by the transport. For instance, 
between about 60° and 70°N, where the perturbations to the 
ozone concentration are largest, the eddy terms tend to increase 
the ozone while the mean motion terms, which on average 
remove ozone from this region, are reduced in magnitude 
following the event. 

It is interesting that the model overestimates the ozone 
recovery after about 23 August, at the highest latitudes con- 
sidered, but underestimates it in middle latitudes. It is possible 
that the meteorological conditions prevailing at this particular 
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Fig. 3 Comparison of BUV-NIMBUS-4 ozone data (a) with 

model prediction for mdlatitudes (b). The 55 to 65° N latitude 

range of the BUV data is somewhat between the latitude belts 50 to 

60° N and 60 to 70 °N of the model The solid line and the pointed 

Ime correspond to NO production rates given by Crutzen et al? for 

the two latitude belts, respectively. The dashed lines include 
Arnold's modification’. 
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time were such that there was a transport of ozone from high to 
middle latitudes, larger than calculated in the model. Clearly a 
model using monthly diffusion coefficients and momentum 
fluxes cannot be expected to reproduce dynamical changes on a 
synoptic time-scale. For this reason we do not discuss here our 
results for the Southern Hemisphere, where the calculated 
ozone changes were smaller, because the circulation, and thus 
the ozone distribution, would have been dominated by the 
aforementioned stratospheric warming. The model did predict 
temperature and circulation changes following the event but 
these were small, with temperature reductions not greater than 
1% in the region of the greatest ozone changes. Using data from 
the Nimbus 4 selective chopper radiometer, the temperature 
sounding instrument built by the Department of Atmospheric 
Physics at the University of Oxford, we have looked for changes 
in temperature following the event. The top channel of the 
instrument provides information on the temperature averaged 
over about a 10 km thick slab in the upper stratosphere. The 
radiance data from this channel showed no significant changes 
associated with the event. It would appear that the feedback 
between the ozone concentration and temperature was not 
particularly important in this case. Indeed, our preliminary runs 
in which this feedback was suppressed, produced substantially 
the same results. 

The results suggest that the NO production rates due to 
ionising particles are possibly higher than those originally cal- 
culated by Crutzen et al.’ although the theoretical study of 
Porter, Jackman and Green? indicates even smaller rates. This 
work stresses the importance of the study of such natural 
phenomena for our understanding of atmospheric photochem- 
istry and dynamics. It would be a major advance if, during one 
of the next major solar proton events, other related minor 
constituents could be measured. In this respect, satellite 
experiments such as those on Nimbus G, gain additional 
importance. 

This work was carried out while P.F. was a visiting guest to the 
Department of Atmospheric Physics at Oxford. It has been, in 
part, sponsored by the German Federal Ministry of Research 
and Technology, grant No. FKW-03. The Natural Environment 
Research Council have supported J.A.P. and R.J.W. 
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Energetic protons 
near the plasma sheet boundary 


It has long been evident that energetic particles are produced in 
the Earth's magnetotail in association with magnetospheric 
substorms' *. These particles may be important in producing 
ionospheric effects such as auroral zone absorption and they also 
lead to the injection of energetic particles into the interplanetary 
medium. We provide here an interpretation for the behaviour of 
a class of very intense, short-lived bursts of protons and other 
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ions which appear at the edge of the plasma sheet during the 
expansion phase of substorms. 

The characteristics of impulsive proton bursts in the 
magnetotail were first described by Sarris et al.’ using obser- 
vations of energetic proton and electron fluxes with good time 
resolution (— 10 s) made at a geocentric distance of ~35 R. by 
experiments on the spacecraft IMP 7 and 8. The bursts are 
observed only on the dusk side of the magnetotail, have dura- 
tions of 10-30 s at a given energy (perhaps depending оп the 
energy resolution of the detectors) and are not detected beyond 
~1.8 MeV in energy. The differential proton intensities at 
~300 keV can be as large as 10° cm? s^! sr^' MeV" and they 
are highly collimated along the magnetic field direction with 
anisotropies as large as 10°:1 directed towards the tail. The 
most important features of the bursts is that they exhibit an 
inverse velocity dispersion. That is, the bursts are observed first 
at low energies and at higher energies some 10-205 later, 
frequently when the low energy proton burst has already 
subsided. In general, energetic electron bursts are not observed 
in association with these impulsive proton bursts. 

At least 12 of these bursts have been found and they have 
been shown by Roelof et al.® to be directly associated with the 
expansion phases of large geomagnetic substorms. An 
examination of the University of Iowa LEPEDEA spectrograms 
(L. A. Frank and K. L. Ackerson, personal communication) 
reveals that the bursts occur near the outer boundary of the 
plasma sheet during times when the plasma sheet disappears 
from the spacecraft (that is, during ‘thinning’). Measurements of 
the magnetic field on the same spacecraft indicate that, in the 
case described here, the burst coincided with a transient pertur- 
bation of the magnetic field in both magnitude and direction (N. 
F. Ness and R. Lepping, personal communication). Obser- 
vations of multiply-charged species indicate that in this event 
these particles behave in a similar fashion to that described 
above for protons (G. C. Gloeckler, personal communication). 

Figure 1 shows the responses of the P1 (0.29-0.50 MeV), P2 
(0.50-0.97 MeV) and P3 (0.97-1.85 MeV) channels of the 
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Fig. 1 Count rates of the P1 (0.29-0.50 MeV), P2 (0.50- 

0.97 MeV). and P3 (0.97-1.85 MeV) channels with a 10-s time 

resolution during the impulsive proton burst described in the text. 
(JHU-APL IMP 7 experiment, 27 March 1973.) 
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JHU-APL IMP 7 experiment during an impulsive proton burst 
which took place on 27 March 1973 at about 03.06.30 UT. The 
spacecraft was situated in the dusk magnetotail with solar 
magnetospheric coordinates x —-—31.5 Re y - 16.6 Re z= 
—5.0 R,. The LEPEDEA spectrograms show that the burst was 
associated, to within the accuracy allowed by the observations, 
with a plasma sheet boundary crossing in which the plasma sheet 
disappeared from the position of the spacecraft. The duration of 
the main pulse in each energy channel was ~20 s. The Uni- 
versity of Maryland experiment on the same spacecraft, using a 
detector with a smaller energy window (125-160 keV per 
charge, z = 1), found the pulse width to be noticeably smaller, 
namely <5 s (G. C. Gloeckler, personal communication). It is 
clear from Fig. 1 thatthe low energy (P1) burst was observed first 
and that it was followed ~10 s later by the higher energy (P3) 
burst. The arrows on the figure mark edges of the burst where 
the proton intensities increase sharply by more than an order of 
magnitude. 

There was no electron burst associated with the proton burst, 
although weak fluxes of electrons were present before the burst. 
It is possible however, that a very short-lived («1 s) electron 
burst could have occurred and escaped detection as a 
consequence of the ~1.38 spin period of the spacecraft. A 
telescope responding to a-particles in the energy range 0.64 
E «1.17 MeV per nucleus indicated that no a-particles were 
present in this energy range. The University of Maryland 
experiment detected multiply-charged ions (z 22) with an 
intensity about 10% of that of all particles with z z1 and 
apparently having a rather sharp energy cut-off in the range 
800-1,200 keV. We have estimated the possible contribution of 
heavy ions to the P1, P2 and P3 counting rates using the 
observations of magnetospheric ion bursts reported by Fan et 
al? as a basis, and find that such ions are likely to make a 
significant but small contribution to the counting rates. 
However, on the basis of the measurements presently available 
we cannot rule out the possibility that helium and oxygen ions 
(perhaps singly-ionised) make a substantial contribution to the 
counting rates which we have attributed to protons. 

The properties of the proton bursts described above are 
consistent with the presence of a field-aligned sheet-like dis- 
tribution of energetic protons which moves rapidly past the 
point of observation. The particles appear to have originated at a 
point on tbe sheet lying between the position of the spacecraft 
and the Earth and the magnetic field lines must be open so that 
the particles can escape freely. There is no evidence for any 
north-south difference in the occurrence of the bursts so that it 
can be expected that similar sheets exist simultaneously on both 
sides of the plasma sheet. The two sheets may therefore meet at 
a line where the particles originate, and this may be associated 
with magnetic field reconnection taking place at a neutral line 
which is (temporarily) situated between the spacecraft and the 
Earth’. In the following we examine the whole phenomenon 
from this point of view. 

The situation must be such that the magnetic field lines which 
are reconnected at the neutral line are open, ‘lobe’ field lines 
(that is, with one end connected to interplanetary space) and 
with the plasma concerned being part of the very low density 
population observed in the lobes of the magnetotail!'. The 
characteristic Alfvén speed in these circumstances is very high 
indeed (perhaps several thousand km s^!) and one can expect 
that, for a short time at least, reconnection takes place very 
rapidly with large inductive electric fields existing in the vicinity 
of the neutral line and voltage drops of ~1 MV. The situation is 
rather similar to that found in laboratory reconnection experi- 
ments where the reconnection rate is observed to suddenly 
increase, with a corresponding enhanced production of ener- 
getic particles, at the time when magnetic field lines carrying low 
plasma densities reach the neutral point. Note that these 
electric fields are not directly observable at ionospheric levels, 
however, one is naturally led to associate the neutral line with a 
type of auroral arc which moves pru polewards during the 
expansion phase of substorms" > 





Fig. 2 Schematic diagram of the motions of magnetic field lines 
and the associated accelerated energetic particles resulting from 
magnetic reconnection. The positions of particles released from the 
neutral line at fo and at progressively later times f4, f2, fy and £4 are 
shown more or less to scale, as is the motion of the spacecraft 
relative to the whole configuration ў 


In this context the inverse velocity dispersion may be inter- 
preted as follows: it is assumed that particles on a given field line 
are accelerated more or less simultaneously in a small region 
surrounding the neutral line as the feld line becomes recon- 
nected (that is at the time it reaches the neutral point). Following 
reconnection, the magnetic field lines carrying this population of 
energetic particles move tailwards and earthwards away from 
the neutral line and on the tailwards side, the particles stream 
freely away from the Earth into interplanetary space. A sche- 
matic of the motions of magnetic field lines and the energetic 
particles is shown in Fig. 2. Reconnection of a particular 
magnetic field line and the associated particle acceleration is 
assumed to occur at time fp. At subsequent times (fi, f2, fs, . . .) 
this magnetic field linc moves away from the neutral line while 
the energetic particles it carries disperse along the line such that 
the faster particles are at any time further away from the source. 
During an outbound crossing of the plasma sheet boundary by a 
spacecraft (which is the case here, since the plasma disappears 
from the vicinity of the spacecraft) the magnetic field lines 
should appear as almost perfect ‘velocity selectors’ such that the 
lower energy particles are observed on the inner lines and the 
higher energy particles on the outer lines with respect to the 
plasma sheet. Thus particle detectors on the spacecraft could in 
principle detect a sequence of mono-energetic pulses with the 
energy increasing in time at a rate depending on the speed of the 
field lines and the motion of the plasma sheet boundary relative 
to the spacecraft. With finite energy and time resolution and a 
finite source size, the pulses must, of course, have finite width, 
but the dispersion effect will not be changed. In the present 
example, we estimate from the dispersion and the width of the 
pulses that the speed of reconnection is of the order of a few 
times the speed of the boundary moton, if the reconnection 
point is at a distance of ~20 R, from the Earth. 

How do these particles become energised? There is mounting 
evidence that much of the energy dissipated resistively in the 
reconnection process goes into the production of high energy 
particles'*, The rather pronounced dawn-dusk asym- 
metry^^1?2? suggests a simple cross-tail acceleration mechanism 
associated with magnetic field reconnection?!??, In this case one 
might expect the high energy channels іо be dominated by highly 
charged species (for example O* апа Ее” !?* from the solar 
wind, if available) and this does not seen to be in agreement with 
the observations. However, if the recoanection takes place at a 
distance of the order of 20 R, from the Earth it is likely that the 
plasma involved is of ionospheric origin and therefore singly 
charged. It is also possible that there cculd be local electrostatic 
acceleration in the vicinity of the neutral point, resulting from 
the fact that the electrons are constrained to move with the 
magnetic field lines, whereas the ions become 'non-magnetic' 
and hence the necessity for charge neutrality might require that 
the ions be ejected from this region. This would produce a 
similar energy per charge signature to tne cross-tail acceleration 
mechanism, but the dawn-dusk asymmetry could not be easily 
explained. The latter seems also to be a difficulty for any 
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stochastic mechanism as does the potentially large gyro-radii of 
the ions and the very high anisotropy which is produced. Finally, 
pulses with the reversed velocity dispersion should be observed 
when the plasma sheet envelopes the spacecraft during the 
‘thickening’, which takes place at.a later stage in the substorm. 
We expect, however, that the voltage drops prevalent at such 
times are much smaller than during thinning and hence that the 
particle bursts should be detectable only by instruments with 
lower energy thresholds than described here. 
We thank Dr S. M. Krimigis for making available data from 
the Johns Hopkins University, Applied Physics Laboratory 
experiment on IMP-7, and Dr L. A. Frank, Dr G. C. Gloeckler, 
and Dr N. E, Ness for results of experiments on the same 
spacecraft. 
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Temperature dependence of 
atmospheric absorption in 
the wavelength range 8-14 pm 


THE Earth's atmosphere has relatively high transparency to 
wavelengths between 8 and 14 jum, which makes them parti- 
cularly important for communications and remote sensing. A 
reliable model of molecular absorption in this range is of parti- 
cular value! as it may be used to relate atmospheric tempera- 
tures to radiant flux measurements made by artificial satellites— 
it seems that even in conditions when particle scattering сап be 
neglected, absorption losses can be greater than is expected 
from present models. To study the remaining loss, or anomalous 
absorption, we have made new measurements in which parti- 
cular attention was given to the temperature dependence of the 
anomalous component. The motivation for this was to test the 
hypothesis? that anomalous absorption could be ascribed to an 
equilibrium concentration of water dimers in the atmosphere. 
We find that this explanation cannot MEQUE for anomalous 
absorption in all conditions. i 

Measurements were made on a horizontal obuia of atmos- 
phere 1.5 m above ground level and 560 m in length. The 
spectral observations were supplemented by laser measure- 
ments at wavelengths of 10.6 and 0.63 jum, the latter being used 
to quantify visibility. Standard meteorological determinations of 
air temperature and relative humidity were also made. À total of 
—2,000 h of usable observation in various weather conditions 
was obtained between January and September of 1977. We have 
limited this discussion to conditions when the visibility was 
greater than 40 km so that the infrared absorption we measured 
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would not be complicated by particle attenuation, of which the 
upper limit could be estimated from the visibility. 

The first step in the analysis was to separate out the water 
monomer component which is predictable from the measured 
humidity and temperature. The input to these model cal- 
culations is summarised in Table 1 and a representative spec- 
trum is shown as curve mm’ in Fig. 1. The values of anomalous 
absorption were then derived by subtracting predictions from 
observations. Contours were formed by taking average values 
for each of the 15 low absorption regions (windows) shown at the 
top of Fig. 1 and joining up their absorption ordinates at the 
mid-wavelength points, the windows being chosen to exclude 
most of the water monomer line centres. 

The attribution of anomalous absorption to water dimers rests 
entirely on the observed temperature dependence being in 
agreement with that expected from the known intermolecular 
binding energy of the dimer. To test the hypothesis, therefore, 
we used equation (1) to reduce the field observations to standard 
conditions of density and temperature. 


а = Са? exp (B/k6) (1) 


а is an absorption coefficient in dB юп; d is the measured 
water vapour density; B is a temperature exponent in eV per 
molecule, k is Boltzmann's constant in eV per molecule per deg 
К; 0 is the temperature in K; C is a constant containing the 
relevant absorption cross sections which are assumed to be 
independent of temperature. 

The values of B were then calculated for each window 
wavelength and the data were also separated into low and high 
temperature blocks to see if the exponents were themselves 
dependent on temperature. The division was made at 286 K to 
give about equal amounts of observation in the two ranges 
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Fig. 1 Curves с-а’ and b—b' show observed anomalous absorp- 
tion values for mean temperatures of 281 and 290 K respectively, 
reduced to a water vapour density of 4.8gm ' . The estimated 
error is +0.02 48 km, Curves А-А’ and B-B' are the cor- 
responding temperature dependence values expressed as the 
exponent B in equation (1), with a maximum estimated error of 
+0.04 eV per molecule (at 12.6 jm wavelength). Curve 4" shows 
laboratory values from ref. 3 scaled to 290 К and density 4.8 gm”, 
and L-L' B the corresponding laboratory temperature depen- 
dence. Curve m-m' shows 1 monomer model spectrum from the 
data in Table 1, for 290 K and density 4.8 g m °. The values given 
by P and Q are taken from ref. 1, and apply to the temperature 
range 258 to 299 К. 
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Table 1 Sources of data used to compute theoretical 


Air broadened Hine widths 
Criteria for inclusion in the computation 
I 601 H30 lines in the interval 710-1,250 cm ^! 
849 CO, lines in the interval 710-1,250 стг! 
273K. 
П 16 H3O lines in the interval 500—710 cm! 
377 HO lines in the interval 1,250-1,800 cm ^! 
358 CO, lines in the interval 0-710 сш! 


Scattering model , 


of monomeric water vapour and carbon dioxide in the range 8-14 jum 


absorption spectra 
(1,250—710 cm™*) and estimates for scattering 


Gross аз formulated by Zhevakin and Naumov" and with corrections noted by 
Emery 


McClatchey et al”. 
Benedict and Kaplan’®. 


Lines which, at their peak, contribute 0.004 dB km ^! or more absorption for 4.6 torr 
water vapour pressure (or 330 p.p.m. CO.) when broadened by latm. of air at 


Lines which contribute 0.0004 dB km " — € PIER 
710-1,250 ст! bend in the above condition. In this category there are no Н.О 
lines above 1,773 cm ^ and no CO; lines above 1,250 ст . No H20 lines below 
500 ст! were Included. 

When the visibility ıs >40 km the 0.63 pm attenuation is «0.4 dB km’. For all 


infrared wavelengths we have assumed a scattering component of one-tenth of the 
value at 0.63 um wavelength The average expected spectral dependence for the 
scattering component shows a monotonic decrease from its value at 8 um to half the 
value at Тышка аш. 


which were specified by their mean values of 281 K and 290 K 


y. 

Figure 1 shows that the measured anomalous absorption 
(curves а-а’ and b-b’) is on average several times greater than 
both the monomer model absorption (curve m—m’) and the 
excess absorption which was measured in the laboratory by 
Burch? (curve H’). The spectral shapes a—a' and b-b' are also 
different from both the model and laboratory results. In the 
absence of a theoretical prediction of the strength and shape of 
the dimer spectrum at these wavelengths, such results by them- 
selves give little insight to molecular models. The variation of 
absorption with temperature, however, is predicted by the dimer 
. model to have a temperature exponent B equal to the inter- 
molecular binding energy and this can be determined indepen- 
dently. Values from 0.12 to 0.16 eV per molecule are given from 
two different sources. One is derived from the temperature 
dependence of the second virial coefficient and the other comes 
from ab initio calculations of the total electronic binding energy 
and the change in vibrational zero point energy on dimerisa- 
tion**. Figure 1 shows that while ‘the temperature exponent of 
absorption measured in the laboratory by Burch (curve L-1.") 
can reasonably be identified with the equilibrium dimer binding 
energy, the values which we measured in the real atmosphere 
(curves А-А' and B-B') cannot. These are on average 
significantly higher, with the greatest divergence between 
laboratory and field results appearing at the lower mean 
temperature. We conclude from this that an explanation of 
anomalous absorption being due to water dimers for all atmos- 
pheric conditions is untenable. 

In relating our results to those of other workers, Coffey! 
provides a useful survey of available data. It also includes new 
observations which give an even higher temperature depen- 
dence as shown by the points P and Q in Fig. 1, and it is 
surprising therefore that Coffey concludes that they support the 
equilibrium dimer hypothesis. The discrepancies between 
temperatures determined radiometrically from satellite obser- 
vations and those made ‘in situ’ also suggest that a dimer model 
is inadequate’. We note that some of the discrepancies reported 
are greatest at low temperatures' which is in line with the 
present results. 

No alternative molecular model is yet available to explain 
anomalous absorption. As a pointer to possible mechanisms we 
_ note that there are other results for water vapour which show 
anomalously high temperature exponents at low temperatures. 
These are from measurements of the speed of sound” and of 
absorption’? in the region of 7 cm !. However, as such steep 
temperature dependence is not predicted from equilibrium 
properties, we propose that the phenomena must be attributed 
to non-equilibrium molecular complexes of water. There is 
some support for this notion in the fluctuations of absorption 
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which appeared in our measurements. These were about three 
times greater than could be attributed to detector noise and were 
too large to be caused by refractive angular scintillation. The 
results suggest that the dissipative absorption may itself be a 
time-dependent quantity whose relaxation is responsible for the 
fluctuations. Such variability has been reported elsewhere. 

Our results show that new molecular phenomena may have to 
be considered in the search for a better understanding of 10-um 
region absorption and the importance of satellite radiometry 
alone points to the pressing need for this. If, as we suggest, 
non-equilibrium phenomena do play a part, this will complicate 
modelling but may bring some benefit, as it suggests that a 
systematic study of absorption fluctuations could lead to an 
improved understanding of the underlying physics. 

The measurements were made at tbe Royal Aircraft 
Establishment, Farnborough and we thank R. R. Allan, 
S. Craig, T. D. F. Hawkins and P. Ashdown for their coopera- 
tion. This work was supported by the Procurement Executive, 
Ministry of Defence. 
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Effects on prolific petroleum source 
rocks and major coal 


deposits caused by sea-level changes 


THE nature and abundance of planktonic organic matter—the 
main source of crude oil—and moreover its preservation in 
sediments are affected by sea-level changes. Deposition of 
paralic coals might be also influenced. It is shown here that these 
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Fig.1 Distribution of coal and petroleuin as a function of geolo- 
gical time. The surface of the block areas is proportional to the total- 
Tesources (in place, not necessarily recoverable) in geological series 


of each period. Data on coala, from Strakhov! are related to world 

reserves, Data on crude oil, from Bois et al.“ are related to 148 

petroleum zones, amounting to ~85% of the world resources. The 
age plotted for crude oil us the age of the source rock. 


considerations would explain large accumulations of coal or 
petroleum source rocks over relatively short periods of time. 

Available evidence indicates that coal and petroleum are 
unevenly distributed among geological periods. Figure 1 shows 
the time distribution of coal (world reserves’) and petroleum 
source rocks. The latter is plotted in terms of total—not neces- 
sarily recoverable—oil stored in reservoirs derived from the 
source rock. The plot includes 148 petroleum zones (ref. 2 and 
C. Bois, personal communication) of the world amounting to 
~400 x 10? tons of oil in reservoirs. Prolific petroleum source 
rOcks, deposited over part of Jurassic and Cretaceous (from 180 
to 85 Myr) are responsible for 7096 of the crude oil in these 148 
petroleum zones; however, this interval amounts to 1796 only of 
the time elapsed since the Precambrian. Considerable accumu- 
lations of coal occurred during Middle and late Carboniferous, 
Middle and Upper Permian, Lower and Middle Jurassic, Lower 
Cretaceous, and uppermost Cretaceous to Epcene. These 
intervals amount to 30% only of the time elapsed since the 
Precambrian, but they integrate ~95% of the world reserves of 
coal. 

Organic PECES studies have shown that source rocks 
able to generate large quantities of oil have specific charac- 
teristics. They contain an abundant organic matter of planktonic 
and/or bacterial origin, preserved and deposited in a reducing 
environment’. The resulting kerogen belongs to types I or II 
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defined by Tissot et al. on the basis of elemental analysis and 
infrared (IR) spectroscopy. However, the cause for accumulat- 
ing large quantities of-this material over wide areas during 
certain periods of time was not clear. . 

Recent developments i in marine geology and eosin made 
possible a comparison of these events with global sea-level 
changes. Pitman” showed that absolute rise or fall of sea-level 
are caused by the volume changes of the mid-oceanic ridge 
system. These changes are mainly due.to change in spreading 
rate and to creation or destruction of a ridge system. The sea 
level (curve E, Fig. 2) was ~ +350 m above present in the late 
Cretaceous (85 Myr) and fell to +60 m in Middle Miocene 
(15 Myr). Since that time glacial fluctuations may have 
dominated sea-level changes. Vailf studied the relative changes 
of sea level, that is, its rise'or fall with respect to land surface, 
from the onlap of coastal deposits in seismic records of maritime 
sequences (curve R, Fig. 2). Both curves E and R show a good 
agreement, with respect to general trend and average value. 
Thus, it is possible to extend curve E from Cretaceous to 
Palaeozoic by E' (averaging the general trend of-R): two major 
cycles? of sea-level rise and fall occurred from Cambrian to 
Triassic (570-200 Myr) and from Jurassig to present Us 
OMyr. . 

Productivity and composition of marine phytoplankton—the 
main primary producer of marine organic matter-—seems 
greatly influenced by these global cycles. An estimation of its 
total abundance shows two distinct maxima (Fig. 2) correspond- 
ing to the highest sea level, the largest extension of epicontinen- 
tal seas, which аге more productive than deep oceans’. 
Furthermore, the first cycle was governed by organic-walled. 
plankton (acritarchs, green and blue-green algae), whereas the 
second cycle was- dominated by calcareous nannoplankton 
(coccolithophorids, dinoflagellates) and later siliceous plankton 
(silicoflagellates, diatoms’). Dominant epibenthic faunas* were 
also replaced. On land, the disappearance of lowland plains in 
late Cretaceous time (sea level 350 m above present) may also 
be responsible for some dramatic changes of fauna. 

Preservation of organic matter is a crucial point for deposition 
of rich source rocks. The main factors of destruction of this 
material are feeding heterotrophic animals and biochemical 
degradation by aerobic bacteria: thus the absence of oxygen in 
waters and in freshly deposited sediments is the main condition 
for preservation’. Shallow epicontinental seas transgressive 
over continental depressions often fulfill this requirement. The 
sea is surrounded by emergent lands, providing mineral 
nutrients and favouring algal blooms. In turn, the blooms resul- 
ted in an abundant bacterial consumption of oxygen and pro- 
vided temporary anoxic conditions in the landlocked sea, where 
waters were not sufficiently renewed’. In deeper waters, anoxic 
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Fig. 3 Principal periods of deposi- 
tion of prolific oil source rocks and 
major coal deposits are compared 100 
with worldwide transgressions and 
regressions. The periods considered 
for petroleum source rocks are 

le for more than 10* tons of 
ой Муг”! during the first cycle (570- 


200 Myr) and more than 
10° tons Муг! during the second 
cycle (200-0 Myr). 


basins, such as the Black Sea, or areas associated with upwelling 
may provide comparable conditions. 

. Worldwide transgressions over the continental platform have 
been observed. Transgressions and regressions result from the 
balance of the rate of sea level rise or fall and the rate of 
subsidence minus sedimentation rate. Thus worldwide trans- 
gressions may be caused by changes of the rate of sea level rise or 
fall. The second-order cycles of curve R (Fig. 2) illustrate these 
events‘: a transgression appears as a rise of R with a positive 
departure compared to Е-Е’; a regression appears as a fall of R 
with a negative departure. The comparison of these cycles with 
the major occurrences of prolific oil source rocks (Fig. 3) 
indicates that they were mainly deposited during periods of 
global marine transgressions. For instance, the Silurian trans- 
gression deposited the rich source rocks of the Sahara over the 
glacial topography inherited from the Ordovician continent. In 
Western Europe, the successive Jurassic transgressions over the 
Triassic continent deposited the source rocks of the North Sea 
and the Toarcian and Kimmeridgian oil shales (France, 
Germany, UK). 

However, the potential for oil Senemton seems to be lower by 
about 1:10 in the older cycle, ав compared to the younger one. 
This is probably due to a greater thermal maturation—generat- 
ing gas—and to tectonic events (faults, folding and erosion) 
which have destroyed a large part of the oil originally formed. 

Most important coal occurrences were formed by large 
accumulations of terrestrial higher plants in coastal or paralic 
basins. A long-lasting subsidence is necessary to provide thick 
series of shallow deposits and a moderate relief of the hinterland 
to avoid dilution by inorganic material. The most typical 
environment is provided by coastal lowlands with swamps which 
develop after regression of the sea. The comparison of the age of 
the major coal deposits—> 50x 10? tons Myr ’—with the 
second-order cycles of curve R (Fig. 3) indicates a frequent 
correlation with worldwide regressive periods. 

- я B. TISSOT 
Institut Francais du Pétrole, - 
SHAR Malmaison, France 
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Trace elements in the 
fluid phase of the Earth's mantle 


IT has become apparent during the past decade or so that CO, is 
a significant component of the Earth's upper mantle. In addition 
to the indirect evidence including CO; 2manations from vol- 
canoes throughout the world and the ebundance of CO, in 
kimberlites and carbonatites, it is now known that CO, is 
ubiquitously present in xenoliths of mantle material brought up 
in alkalic basalts and kimberlites. This latter point was first made 
by Roedder’ who demonstrated that the fiuid ip optically visible 
inclusions is essentially pure CO; under p as great a$ 
5 kbar at eruptive temperatures. Such pressures provide only a 
minimum depth of origin, because Roedder further showed that 
most of the inclusions he observed are secondary, that is, they 
occur as arrays on healed cracks. A more r=cent study? indicated 
pressures as high as 10 kbar in secondary inclusions. H.W.G. 
and Radcliffe? found, using transmission electron microscopy 
(TEM), that submicroscopic fluid inclusions also occur within 
the crystals of mantle xenoliths, and that these bubbles have 
exsolved (precipitated) ftom solid soluticn. Thus, at least the 
CO, now present in submicroscopic fluid inclusions is 
indigenous to the crystals in which it is found, and probably 
represents the source of crack formation and filling to produce 
the secondary inclusions on the way to the surface". The effect 
CO,-bearing phases have on the distribut on of trace elements 
in the mantle and during partial melting is considered here. 

The term 'fluid inclusion' is used here as a descriptive term 
only; I reject the usual connotation tha- the fluid has been 
‘included’ into the crystals as a growth accident in an igneous 
environment. For example, virtually all of the rocks in question 
are metamorphic and show no signs of introduction of a fluid 
phase from an external source. Moreover, metamorphic recrys- 
tallisation ‘excludes’ fluid and concentrates it onto sie age bound- 
aries, rather that ‘including’ it during grair growth 

CO, would appear, then, to be an important component of 
most, perhaps all, of the upper mantle and two questions are 
paramount: (1) in what phases does the CC, reside in the upper 
mantle?; and (2) what effect do these CO4-bearing phases have 
on the partitioning of trace elements within the mantle and 
between melt and residuum during partial melting? The former 
is easier to answer. There now seems to b2 too much CO, (at 
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least in the uppermost mantle) for it simply to be dissolved in 
the silicates as originally assumed by H.W.G.*; moreover, 
recent experimental work indicates that in the mantle beneath 
undisturbed continents, the CO;-bearing phase is probably a 
carbonate" and beneath oceans the stable phase may be 
a carbonate*® or supercritical fluid’. All the data strongly 
suggest, however, that because of the steeper geothermal 
gradient in the vicinity of an oceanic ridge, the stable phase in 
the lithosphere under ridges will be fluid CO;. The second 
question is more difficult to answer, but is fundamentally more 
important because the concentrations of trace elements in melts 
derived from the mantle are routinely used to infer the present 
composition of the upper mantle and its geochemical evolution. 








Fig.1 Photomicrographs showing region of olivine specimen H-1 

before (a) and after (b) ion probing. A healed crack decorated with 

2-phase CO, bubbles intersects the top of the thin section along 

line AC. Arrows in (a) point to bubbles which were removed by 

sputtering and are absent in (5). Irregular black and grey areas in 

(b) are surface pits from which the gold film could not be removed 
after probing. 


These inferences are always based on calculated or exper- 
imentally determined element partitioning between basaltic 
melt and mantle silicates, especially clinopyroxene and garnet. If 
significant quantities of these elements reside in another 
phase—a CO;-bearing phase—and if portions of this phase are 
not incorporated into the melt, then current interpretations of 
trace element data could be in error. The ubiquitous occurrence 
of CO, inclusions in refractory xenoliths such as harzburgite and 
dunite indicates that melt extraction does not scavenge all of the 
CO,-bearing phase. 

As a first step to determination of the trace element problem, 
an ion probe study has been inaugurated to attempt detection of 
trace elements in СО, inclusions. The procedure chosen was to 
‘drill’ down through host crystal and break bubbles. To simplify 
the initial search, elements known to be major components of 
carbonatites and to have no good crystallographic home in 
mantle phases (olivine, orthopyroxene, clinopyroxene, garnet, 
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Fig. 2 Depth profiles for masses 24, 39 and 47 obtained from 

areas A, (a) C, (b) and B (c) of Fig. 1. Area B is a control profile 

obtained where no (optically visible) bubbles were present. Bil, зк; 
О, "Ti; ©, Ма. 


spinel) were chosen as good candidates. In addition, mass 
numbers known to give interfering peaks produced by the 
matrix elements and polyatomic reaction products of matrix 
elements with the '°O beam were omitted. For example, '*C, 
?8CO, “*CO,, “Са, " Ar were not attempted due to interference 
with **Mg’*, ??Si, **SiO and *°MgO respectively. Five or six 
different mass numbers were searched in each run, including 
trace elements and elements to serve as internal monitors of the 
matrix, such as Мр. The results were positive for masses 39(K) 
and 47(Ti), suggestive for mass 140(Ce) and inconclusive for 
masses 1(H), 85(Rb), 86(Sr), 87(Sr), 138(Ba), 142(Ce) and 
208(Pb). 

A portion of a bubble array on a healed crack in olivine of 
dünite specimen no. H-1 from the 1801 Kaupulehu lava flow of 
Hualalai volcano, Hawaii, is shown in Fig. 1a before ion probing 
and in Fig. 16 after probing. At site C, four inclusions were 
removed during bombardment of the surface for 80 min with a 
15 nA '5O beam of elliptical cross-section (~8 ym х 15 рт). 
Mass numbers were examined sequentially with each mass 
counted for 5 s, except for Mg which was counted for 3 s. The 
concentration profile produced during the erosion at site C is 
given in Fig. 2b. The four distinct peaks in masses 39 and 47 are 
presumed to correlate with the four bubbles removed by sput- 
tering; no corresponding peaks (or valleys) in "Mg are 
observed. 

Another profile measured at site A of the same inclusion array 
broke two bubbles (Fig. 1) and shows two peaks (Fig. 2a), 
whereas a control profile measured at site B in the same olivine 
crystal in an area of no fluid inclusions shows no peaks (Fig. 2c). 
Figure 3 shows similar results for an olivine crystal of lherzolite 
specimen No. SAL-3 from Salt Lake Crater, Oahu, Hawaii, and 
Fig. 4 shows the results of a long profile of an orthopyroxene 
crystal of this same specimen. The apparent noise in the mass 39 
data of the latter profile is produced by breaking numerous small 
inclusions (<1 шт diameter) and three larger ones (~5 шп 
diameter). Of particular interest in the mass 39 profile of Fig. 4 is 
the large, double peak between 6,200 and 7,400s, and the 
secondary one between 7,800 and 8,500s. These probably 
represent penetration of the three larger bubbles. These peaks 
correspond exactly to the highest values of the mass 140 profile 
which also shows a large, divided peak and a narrower one. 
Although the maximum count-rate is 4.5 c s^' for mass 140, this 
represents 2.9 standard deviations above the mean of all data 
points after surface contamination had been removed (2,700 s). 
Similarly, the two subsidiary peaks represent 1.8 standard 
deviations above the mean. Thus, the data can reasonably be 
considered significant on their own, and correspondence with 
the largest peaks in mass 39 increases the likelihood that these 
inclusions contain detectable amounts of cerium. 

Quantitative interpretation of these data depend on the ion- 
isation and collection efficiency of the ions involved, which, in 
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turn, critically depend on whether the elements in question are 
in the fluid itself or are present as a solid film on the surface of the 
bubbles. For potassium, for instance, the fraction of atoms 
detected from a fluid is of the order of 107°, but from a solid 
substrate is ~0.6 (T. Whatley, personal communication). Two 
lines of evidence strongly suggest that the trace elements detec- 
ted here are in a surface film: (1) If the efficiency of detection is 
10^, the K content of the bubbles in Fig. 2 is >10%, an 
apparently unreasonably high value. On the other hand, if the 
detection efficiency is 0.6, the K content is about 1,000 p.p.m. of 
the fluid contents; (2) the peaks last too long. The best example 
of this phenomenon is the double peak in Fig. 4, which lasts for 
20 min. During this time the beam will have eroded about 
0.5 um deeper into the pyroxene crystal and opened an orifice as 
large as 3 j.m.across on the 5 ып bubble(s). We can expect that 
the fluid, under very high pressure, would escape in the first few 
seconds of this time, hence the mass 39 and 140 elements cannot 
be in the fluid phase itself. It would seem most reasonable to 
conclude, therefore, that the trace elements detected in this 
study were originally in the fluid at high pressure and high 
temperature, but are now located in a film on the bubble walls; 
after penetration of the bubble, the ion beam ‘washes out’ the 
thin film. i 

Masses 39 and 47 which have been definitely detected here, 
are not uniquely interpreted as K and Ti; they could be *NaO 
and “PO. Na is unlikely to be a major contributor to the peaks 
reported here because the vast majority of Na is always regis- 
tered at mass 23. A significant contribution of Na at mass 39 
would therefore imply a very large Na content to the inclusions, 
a composition inconsistent with the conventional fluid inclusion 
studies'?. ?!P, however, is commonly detected as "PO with an 
150 beam (T. Whatley, personal communication) and hence may 
be a significant, even dominant contributor to the peaks at mass 
47. In this regard it is important to distinguish the results of this 
study and the analysis of glassy rims sometimes found on fluid 
inclusions in these rocks. Although K, Na, Ti and P have been 
detected in such rims?, the surface film detected here seems to be 
a different phenomenon. Most inclusion arrays in peridotite 
xenoliths contain only fluid. This has been determined by optical 
observation of the brownian motion of the inner vapour bubble 
when the inclusions are sufficiently large (72 i.m diameter), and 
by TEM when they are not. In every array investigated, when all 
of the large inclusions show an inner bubble in motion and no 
glass rim, the TEM confirms the absence of a glass rim on the 
smaller inclusions. Some submicroscopic inclusions, however, 


do suggest a very thin («100 A) surface film, which I have so far - 


been unable to convince myself was definitely present. 
Furthermore, the three larger inclusions originally present in 
specimen SAL 3-14 (Fig. 4) displayed moving vapour bubbles 
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Fig. 3 Depth profiles for masses 39 and 47 for three areas of ` 

specimen SAL-3: а, SAL-3-14A; b, SAL-3-26A; с, SAL-3-25A."’ 

Profile 25A is a control obtained where no (optically visible) 
i bubbles were present. lil, °K; О, 
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Fig. 4 Depth profile for masses 39 aad 140 for area 14 of 

specimen SAL-3. Large doublet, peak be-ween 6,200 and 7,400 s 

(cycles 33—43) is replotted in (b) m terms of the ratio (R) of 

counts s^! divided by the average counzs 1^! for cycles 33-43. 
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and lacked a glassy rim. The volume fraction of fluid is thus very 
much larger in the inclusions described here than in those with 
glassy rims figured by Roedder! and Murek et al.?, and it would 
scem difficult to interpret my results as evidence of an immisci- 
ble silicate liquid incorporated along with the CO;. It seems 
more likely that these elements were dissolved in the fluid at 
high pressure. 

The results of this study demonstrate that the CO,-bearing 
phase in the mantle contains significant quantities of cations 
Other than carbon. They do not, however, help much in deter- 
mination of whether the CO, was already a fluid or was in a 
carbonate when it began its trip to the surface (because the 
inclusions analysed are secondary and could conceivably 
represent the product of carbonate breakdown). However, 
other workers have shown that the CO, bubbles in xenoliths also 
contain significant quantities of noble geses™™. Of major inter- 
est is the detection of excess "Xe (ref. 11) with its implication 
that the Earth formed within 76 Myr of nucleosynthesis’? and 
has not been totally outgassed since that іте!!'2, Another point 
of major importance is the large quantity of “Аг, giving 
anomalously old K/Ar ages. These latter observations suggest 
that the CO;-bearing phase has acted as a sink for rare gases—a 
property which is more likely to characterise a fluid than a 
carbonate. 

Finally, the detection of alkalis and a suggestion of light rare 
earths suggest caution in interpretation 5f mantle compositions 
from basalt chemistry using silicate-liqu.d partition coefficients. 

Н. W. GREEN п 
Department of Geology, 
University of California, 
Davis, California 95616 
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Speciation of dissolved 
iodine in estuarine waters 


IODINE in seawater is present as iodate (IO, ) and as iodide 
(L)'?. Although there is some uncertainty in the true redox 
potentials of natural waters, the thermodynamically stable 
species of iodine in seawater, and in river waters which are well 
oxygenated, is iodate^". We have studied an estuary to deter- 
mine the distribution of iodine species as a function of salinity, 
and examined the results for evidence of interconversion of 
species in the estuary. We report here that iodide is the 
dominant form in river water and is oxidised to the ther- 
modynamically stable iodate in the sea, not in the estuary. 

Our study area was the estuary of the Yarra River, which 
drains part of southern Victoria, Australia, and includes the city 
of Melbourne with 1,200,000 inhabitants in its catchment. The 
estuary is 22 km long and highly stratified?, but not oxygen 
deficient. The river discharges into Port Phillip Bay, a large 
embayment with only a small outlet to Bass Strait. The survey 
was made in late winter at a time of high river flow (22 August 
1978). Water samples were filtered through prewashed Gelman 
0.45 um membrane filters, stored in glass bottles at 4 °C in the 
dark, and analysed within a month of collection. Previous 
storage experiments showed that no measurable changes in 
iodate or iodide occurred in water stored in these conditions. 

Iodate in seawater, and in estuarine waters of salinity >2% 
was determined directly by differential pulse polarography 
(DPP)*'^. A 20-ml aliquot of the water sample was pipetted into 
a polarographic cell, EDTA solution was added to suppress the 
zinc wave, and the solution deoxygenated by bubbling argon. A 
Metrohm E500 series Polarecord with a dropping mercury 
electrode, platinum wire counter electrode, and Ag/AgCl/M 
KCl reference electrode, was used. Concentration of iodate was 
determined by the method of standard additions. lodide was 
determined in a separate aliquot of the sample by oxidation of 
iodide to iodate by addition of chlorine water'', evaluation of 
the new level of iodate by the polarographic method, and 
calculation of iodide by difference. We found ultraviolet (UV) 
irradiation'? unsuitable for iodide determination, as it produced 
peroxide that interfered and also gave iodate from 'organo'- 
iodine compounds in estuarine waters. No interfering species 
were produced by chlorine water in the experimental conditions 
used. In river water, the iodate-plus-iodide concentration could 
not be found by simple addition of chlorine water, as the large 
amount of dissolved organic matter interfered with the deter- 
mination. A modified procedure was developed, in which a 
50-ml aliquot of river water was treated with sodium hydroxide 
and chlorine water, then evaporated to dryness under an 
infrared lamp. The residue was redissolved in 10 ml of doubly 
distilled, deionised water, this solution treated with chlorine 
water, and sodium formate solution added. The resulting solu- 
tion was filtered to remove coagulated organic matter and made 
up to 25 ml with water. lodate-plus-iodide was then determined 
on a 20-ml aliquot after addition of EDTA. Analysis of water of 
salinity 5% by both procedures yielded results that were not 
significantly different, indicating that the more complex treat- 
ment did not convert any further iodine to iodate. 

Replicate analyses of a bulk estuarine sample of salinity 
19.4%, collected at an earlier date, gave 7.9 wg 1^! I as iodate 
with a coefficient of variation of 6.796; 53.4 ug 1 ^' I as iodate- 
plus-iodide with a coefficient of variation of 3.2%; and by 
difference, 45.5 рр 1^! I as iodide with a coefficient of variation 
of 9.9%. The limit of detection of iodate is largely dependent on 
establishment of the baseline of the polarograms, but taking 
two standard deviations at the 7.9 ug 1^! level it is about 
1.0gug1^! І. Salinity was measured using an AutoLab 602 
salinometer calibrated using IAPSO standard seawater. 

Results from the Yarra River estuary (Fig. 1) indicate that 
both iodide and iodate show conservative behaviour. The river 
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Fig. 1 Relationship between salinity and concentration of iodate 

(О) and iodate-plus-iodide (89). Lines of best fit are shown, and the 

dashed line represents the iodide concentration determined by 

difference. The concentration of iodate-plus-iodide in river water 

(B) was determined by a procedure different from that used for 
estuarine waters. 


water contained 23 pg 1`'I as iodide, and <1.0 pg 17" as 
iodate. The seawater contained 28 ugl''!l as iodate, and 
36 ug 1^! as iodide, as the average of five samples with a mean 
salinity of 34.0%. ‘Iodine’, as iodide-plus-iodate, determined 
after oxidation with chlorine water, was 23 ug 1^' in the Yarra 
river water which is within the range of 2.2 to 424 pg 17 
reported for iodine in other rivers of the world". The dominant 
form of iodine in rocks and soils is iodide. This is likely to be the 
case in the Yarra drainage basin, and apparently no conversion 
to iodate occurs in the transit from source mineral to the river. 
‘Iodine’ in seawater of 34% salinity from Port Phillip Bay at 
64 ug 1^! I is higher than seawater values reported by Trues- 
dale, but comparable with the average values of Barkley and 
Thompson? and Wong". 

The present study indicates that there is no measurable 
conversion of the iodide of river water to iodate within the Yarra 
River estuary, and that the iodate in the estuary comes from the 
seawater. Consequently, it seems that oxidation of iodide to the 
thermodynamically stable iodate occurs in the seawater outside 
the estuaries. Two mechanisms, which are known to effect 
oxidation of iodide to iodate occur through UV irradiation, and 
by biological activity of algae. We have used UV irradiation for 
conversion of iodide to iodate as an analytical technique, and 
found that quantitative conversion of iodide to iodate required 
—3 h exposure to a 1,200 W mercury lamp at a distance of 6 cm. 
Sunlight would be expected to affect only the surface water, and 
then at a very slow rate. The effects of algae on iodide and iodate 
in seawater have been reported. Sugawara and Terada? found 
that a diatom culture in seawater containing 16 ug 17! iodide 
converted 3 ug 1^' iodide to iodate in four weeks. Truesdale’? 
found that some Chlorophycae, cultured in seawater containing 
50 рв 17' interconverted not more than 5 pg 1] in an 
unspecified time. 

Although we did not observe any apparent reaction of iodide 
or iodate in the estuary, we did detect the presence of a third 
iodine form. When we exposed waters of intermediate salinity to 
UV irradiation for 4h before addition of chlorine water, we 
Observed an increase in the iodate detectable by DPP compared 
with that found after oxidation using chlorine water alone. Our 
experiments with 2-iodo-benzoic acid in the conditions used in 
analysis of estuarine waters showed that iodide in this compound 
was not converted to iodate by treatment with chlorine water, 
whereas UV irradiation followed by treatment with chlorine 
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water gave quantitative recovery of the organo-iodine as iodate 
determined by DPP. The estuarine water of salinity 13.4% 
contained 27.9 ug 177 I as iodide, 11.6 ug 17! as lodate, and a 
further 7.0 ug 17° released after UV irradiation and treatment 
with chlorine water. The increase is probably the result of 
decomposition of organo-iodine compounds by the UV irradia- 
tion, and 1596 of the total iodine was present in this estuarine 
water as 'organo'-iodine. The seawater of 34X. did not yield 
additional iddate when UV irradiated before chlorination. 
Organo-iodine has been reported in seawater by Truesdale!5 
but there are no previous reports of iodine speciation in estu- 
arine or river waters. 

The results of Truesdale’? show a relatively constant ‘total’ 
iodine in seawaters, with a decrease in iodide and increase in 
iodate progressing from Menai Strait, through the Irish Sea, to 
North Atlantic Ocean waters. He suggests that lodate-reducing 
substances introduced to the sea by terrestrial run-off might 
explain these observations. 

On the basis of our evidence, variations of iodide to iodate 
ratio might also be largely explained as the result of oxidation of 
iodide delivered by rivers to the oceans. The production of 
iodate seems to be thermodynamically favoured, but limited by 
the slow rate of conversion, with a reported half life of tens of 
years". This is too slow for it to be observed in the Yarra River 
estuary, where residence time is only days. Hence conversion of 
iodide to iodate must occur in the ocean, possibly under the 
influence of enzyme systems. 

J. DAVID SMITH 
EDWARD C. V. BUTLER 
Marine Chemistry Laboratory, 
School of Chemistry, 
University of Melbourne, 
Melbourne, Victoria 3052, 
Australia | 
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Effect of glacial ice melting 
on the Antarctic Surface Water 


MOST glacial ice melting occurs below the sea surface and in 
regions where ice shelves and icebergs are concentrated, as 
along the Antarctic coastline. We show here that this melting 
can significantly affect the Antarctic Surface Water (AASW) 
chemistry and biology only for glacial ice constituents are greatly 
depleted (for example, salt, oxygen-18) or enhanced (for exam- 
ple, ammonia?) relative to the ocean. The surface water nutrient 
(nitrate, phosphate, silicate) budget is controlled primarily by 
the upwelling of deep water. Melting bencath the Ross Ice Shelf 
results in the northwards lateral movement of near-freezing 
water to the continental shelf break. Basal melting of icebergs 
&nd smaller ice shelves may contribute to the temperature 
minimum at the base of the AASW. 
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The volume of meltwater produced annually from melting 
Antarctic glacial ice will be three order: of magnitude less than 
the AASW reservoir, which extends from 50 to 200 m depths 
over the 20 x 10° km? area south of the Polar Front (Antarctic 
convergence). For an Antarctic ice capin an equilibrium state, 
the average annual volume of glacial ice lost must equal the 
0.15 m yr! net accumulation over the 14x10°km? area of 
Antarctica’, We assume relatively little ablation?. Net deep 
melting of 0.30 m yr ^! (refs 3, 4) beneath the large ice shelves, 
which comprise less than 11% of the ісе сар“, would account 
for no more than a quarter of the 2.1:« 10° km? wastage. The 
remaining ice will melt at shallower levels, within or near the 
base of AASW from icebergs, ice streams, small ice shelves and 
from the northern edges of the major ice shelves. 

Parker et al. have suggested that nitrogen-laden ice originat- 
ing on the Antarctic continent provides, on melting, a major 
contribution (7% yr!) to the nitrogen budget of the 50m 
epipelagic zone of the Antarctic oceans. Since then Biggs has 
shown’ that Parker et al. used incorrect nitrate (NO;,-N) values, 
and he has recomputed the nitrate inpu: from continental ice as 
0.0296 of that in the AASW, assuming a surface mean of 
12 ug-atoms 1‘. However, there are significant differences 
between the nitrate observations repo-ted by various expedi- 
tions in the Antarctic oceans (Fig. 4 in rez. 8). Our AASW nitrate 
measurements** and those of the Geocecs expeditions’? range 
from 15-30 ug-atoms 171, with a mean around 22 pg-atoms 1! 
With this higher nitrate mean, and a reservoir thickness closer to 
100 m than to 50 m, the net nitrate input from glacial ice would 
be 0.005% of that already in the AAS'W. 

The Parker et al nitrate mean of 19.57 рё! (1.4 ug- 
atoms 1^!) is an order of magnitude less than the AASW nitrate 
concentration, so iceberg melting would cause a slight nitrate 
decrease locally in the AASW rather than an enrichment as 
claimed. Subsequently, Parker et al.” reported nitrate values as 
high as 37 ug-atoms1~' in additional ice samples, but they do 
not indicate whether their nitrate mean has increased or 
decreased from 1.4 gg-atoms]1 !. We have made nitrogen 
measurements on glacial ice recovered fom the sea near a green 
iceberg’? and on an ice core sample from 66 m below the surface 
of the Ross Ice Shelf at 82722.5'S, 168*37.5"W. The nitrate assay 
was 3.9.1.g-atoms 1^! in the iceberg, anc 1.1 u.g-atoms 1! in the 
ice core, consistent with the earlier Parxer et al. data. 

Nitrate, phosphate and silicate are the nutrients commonly 
measured in seawater. These nutrients are present in abundance 
in the AASW south of the Polar Front and are not generally 
believed to limit phytoplankton growth. If other compounds 
such as ammonia (NH4-N) are limiting to the rate of primary 
production’, then melting glacial ice may be an important factor, 
locally. Our ammonia value for the ice sh=If core sample (2.4 as 
atoms 173) is similar to the Parker et al. mean (1 ug-atoms]- 
н аа ена оноу i. 

water ammonia concentrations reported for Ње Ross 
Sea (<0.1-0.3 ug-atoms 1^!) (ref. 7). The ammonia levels of 
aliquots drawn from the atypical green iceberg sample ranged 
from 25 to 33 ug-atoms "^, slightly abcve the range for South 
Pole ice core samples“. The green iceberg sample also contained 
quartz grains and metallic particles (J. Anderson, personal 
communication), fibres, algal cells, and ал organic nitrogen level 
of 241.6 »g-atoms 171. A thin section showed it to be derived 
from a valley glacier (A. Gow, personal communication). 

Upwelled deep water is the primary source of nitrate, phos- 
phate and silicate in the AASW. Beneath the AASW, nitrate 
values are uniformly above 30 ug-atoms |! (refs 9, 10). This 
deeper water upwells into the surface layers, replacing waters 
that mix and sink as Antarctic Bottom Water and Antarctic 
Intermediate Water. The upwelling rate, based upon tempera- 
ture, salinity and oxygen-18 budgets, hes been estimated to be 
60 x 105 m? в (refs 13, 14), corresponding to а nitrate input to 
the AASW of 8x10" tonnes yr! . This is four orders of magni- 
tude greater. than the meltwater contribution of 3x 
10* tonnes yr ^, derived from the Parke- et al. mean nitrate for 
glacial ice and the assumption of an equilibrium ice cap. Nitrate 
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enrichment of 18% in the euphotic zone of a glaciated Arctic 
бога was first attributed to rock flour? and later to upwelling!*. 

Most iceberg melting occurs below the sea surface in the 
predominantly above-freezing environment that exists there 
during all seasons. Holdsworth and others have shown that the 
amount of downwarping of sea ice attached or frozen to icebergs 
in d'Iberville Fiord, NWT, Canada, may be accounted for by 
continuous melting of the submerged portions of the glacier ice 
throughout the year. Thus, there may be no sharp seasonal 
glacial ice melting peaks coincident with phytoplankton 
blooms‘. 

Several associations have been reported between glacial ice 
and the biological community. Bottom scouring by icebergs 
affects bottom dwellers in several ways’’. Links have been noted 
between icebergs or shelf ice and microflora’, diatoms!?, Arctic 

, seals in the Arctic" and leopard seals in the Antarctic’. 
We have observed Antarctic petrels, snow petrels and Adelie 
penguins on and in the vicinity of icebergs. Glacial ice contains 
some 3-896 (by volume) compressed air bubbles? that may 
influence mixing processes when the ice melts. The ‘sizzling’ 
noise that accompanies the bubble pressure release “should be 
detectable by sonar . . . out to distances of 50-100 miles against 
the ambient sea d’”. If plankton levels are higher 
near icebergs, then the noise of that melting ice could well attract 
higher species. 
There is evidence that melting glacial ice may influence 
vertical processes in the surface layers. Neshyba™ has pointed 
out the potential importance of iceberg-induced upwelling on 
the oceanography of the Weddell Sea, and Foldvik and Kvinge” 
have described the possible thermohaline upwelling of near- 
freezing water near ice shelves. Few oceanographic observations 
have been made in the vicinity of Antarctic icebergs. The 
anomalously high subsurface salinities and . temperatures 
recently reported near a large Antarctic iceberg? may be an 
artefact of the instrument or calibration. In the Ross Sea we have 
observed brash or pack ice surrounding an iceberg (see also Fig. 
24 in ref. 27) but separated from it by a ring of open water. This 
may result from upwelling along the walls, wave and swell 
interaction, or differential motion between iceberg and smaller 
pieces of ice with shallower draft. Upwelling was considered 
responsible for muddy ice-free water at the sca faces of glaciers 
in Greenland™. Josberger™ reported field measurements of 
melt-driven upwelling adjacent to an Arctic iceberg, and 
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modelled both upwelling and downwelling in the laboratory. 
Several of his vertical temperature—depth profiles suggest addi- 
tional effects at 50-70 m. 

In another laboratory experiment? sable att was observed 
to mix and spread laterally away from ice blocks inserted into 
salt-stratified water. Huppert and Turner noted the production 
of a "series of tilted convecting layers which grow out into the 
environment". They found that “а considerable portion of the 
melt water can be fed into the environment close to the level at 
which it is produced and very little, if any, rises to the surface". 

We have measured the large scale lateral spreading of water 
(Fig. 1) that has been cooled by melting at the base of the Ross 
Ice Shelf’. This Ice Shelf Water?! extends northwards to at least 
the continental shelf break. A similar water mass is found on ће 
continental shelf in the Weddell Sea’ and adjacent to the 
Amery Ice Shelf**. Ice Shelf Water temperatures are as low as 
the in situ freezing point; salinity ranges from 34.4 to 34.75%, 
but does not usually form a local minimum within the vertical 
halocline. Ice Shelf Water with potential temperature below 
— 2.0 °С has been observed in the Ross Sea at depths from 225 
to 525 m. We have hypothesised? that the main source of heat 
for melting at the base of the Ross Ice Shelf is provided by an 
intermediate-depth warmer layer, derived from the Circum- 
polar Deep Water. Pettersson” seems to have modelled several 
of the thermohaline features we observed north of the Ross Ice 
Shelf. 

Similar to flow away from the Ross Ice Shelf (Fig. 1) and ice in 
the laboratory”, most meltwater from icebergs may spread 
laterally rather than upwell along the sides. Typical tabular 
Antarctic icebergs will have initial drafts approximating the 
depths below sea level of the terminal faces of the ice shelves. A 
study of 407 Antarctic icebergs®* showed a mean freeboard of 
40 m, corresponding to a subsurface draft of 182m. Mean 
widths for icebergs observed with Landsat imagery in one 
Antarctic sector were 0.4 lan on the edge of the pack ice and 
0.7 km in the pack ice”. For icebergs with dimensions larger 
than about 0.7 km, basal area will exceed wall area. The base 
should then be the primary wastage surface™ and this surface 
will frequently be near the lower levels of the AASW. Alter- 
natively, if calving as a result of wave-induced melting ‘and 
mechanical erosion were the primary disintegration 
most melting would take place nearer the sea surface. We have 
often observed the calving of brash and growler-sized pieces 


Fig. 1 Potential temperature profile from 
USCGC Northwind stations taken in Decem- 
ber 1976 (ref. 46). The section extends about 
500 km north-east of station 62, which was next 
to the Ross Ice Shelf at 178° E longitude. A 
layer of ice shelf water?! (0 < — eae that 
results from melting beneath the ice shelf, 
reaches the continental shelf break. A shal- 
lower layer of ice shelf water (6 < — 1.8 °C) also 
extends north from the ice shelf at Antarctic 
surface water depths. An intermediate depth 
warmer layer (6 > 1.8 °C), better developed on 
the east-central continental shelf, provides the 
major heat бих for melting of the glacial ice". 
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from the northern face of the Ross Ice Shelf, but note that much 
‘of the region populated by Antarctic icebergs and ice shelves is 
' covered by sea ice for most of the year, which should limit 
wave-induced erosion. 

The temperature minimum at the base of the Antarctic Sur- 
face Water is generally attributed to vertical winter mixing, with 
subsequent capping by a warm summer mixed layer?*. However, 
the large latent heat exchange (80 cal g^") at the base of melting 
icebergs and subsequent lateral mixing of the meltwater could 
also contribute to this feature. Where the temperature minimum 
is shallow, as in the Weddell Gyre, the impact of iceberg melting 
may extend well below the AASW. The step-structure in the 
centre of the Weddell Gyre that Huppert and Turner attribute to 
“systematic injection of meltwater at intermediate depths” is 
best developed just below the temperature minimum in their 
Fig. 15 (ref. 30). Over the AASW region south of the Antarctic 
Convergence, the heat exchanged annually in melting glacial ice 
should be sufficient to lower by 1?C the temperature of a layer 
7.5 m thick. While the upwelling rate used above corresponds to 
an AASW residence time of only one year, decreasing this rate?? 
would allow to a greater influence of iceberg melting on the 
AASW. An order of magnitude more heat will be taken up by 
the summer melting of pack ice than by the annual melting of 
glacial ice, but the melting pack ice will primarily involve only 
the top few metres of seawater. That meltwater will have a 
stabilising effect on the water column, and the associated latent 
heat flux will be more than offset by incoming radiation”. 

The environmental impact of melting icebergs will not be 
evenly distributed in space and time. Iceberg tracks will be 
influenced by currents, oceanic fronts, winds, pack ice, bottom 
topography, and by the location and productivity of drainage 
areas. From our observations and published accounts 72€*7^* of 
iceberg distribution and movement, we would expect the 
maximum impact from melting icebergs to occur in the Antarctic 
coastal zone. There a cold and fresh water mass, V-shaped in 
cross-section™ is frequently observed over the Antarctic 
continental slope. It extends to depths of several hundred metres 
and apparently defines the deeper portion of the surface west- 
wards coastal current. Its low temperature and low salinity“ 
probably result in part from melting glacial ice. It may be a 
source reservoir for both the AASW temperature minimum and 
the fresh component of Antarctic Bottom Water. 


North of the continent, icebergs frequently appear in clusters ` 


and are likely to travel preferred routes. The gigantic Trolltunga 
iceberg that bas been tracked by satellite for 11 years (Fig. 23 in 
ref. 27) may provide evidence for the association of icebergs 
with convergent frontal zones. Once Trolltunga entered the 
northern Scotia Sea it seems to have tracked the southern 
boundary of the Polar Front, possibly grounding as it croesed the 
North Scotia Ridge. Moving parallel to the bottom contours, it 
then executed two reversals in an east-west direction, a charac- 
teristic feature of the front in that region“. To the extent that 
icebergs are associated with frontal zones**, the meltwater may 
contribute to lower surface salinities sometimes observed there 
(Fig. 4b in ref. 49). 

This work has been supported by the NSF, Division of Polar 
Programs grants 76-81240, 76-11872 (Ross Ice Shelf Project) 
and 77-22209 to Columbia University. We thank the officers 
and crews of USCGC Northwind and Ara Islas Orcadas, and J. 
Ardai, P. McDonald, M. Rodman, and A. Roy for help. The 
Ross Ice Shelf core sample was provided by C. Langway. 
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Isolation and characterisation 


of a bipotential haematopoietic cell line 


VARIOUS cell lines have been used to study the regulation of 
proliferation and differentiation, and events occurring during 
mutagenesis and carcinogenesis. These include ‘normal’ cell 
lines which, however, frequently show chromosome changes, 
especially aneuploidy, and where normality is based essentially 
on the nontumorigenic capacity of the cells. Whether such cells 
retain the ability to fulfil their genetically programmed 
functional state in vivo has not been determined. Moreover, 
although studies using transformed, tumorigenic cells (Friend 
leukaemia’, myeloid leukaemia? and neuroblastoma’) have 


‘given useful information on some of the factors involved in 


differentiation, the fact that the cells are tumorigenic indicates 
that caution must be exercised in the interpretation of results. 
We report that we have now isolated and cloned an autonomous 
haematopoietic cell line where the cells have a diploid comple- 
ment of chromosomes, are non-tumorigenic and bipotential 


_(can be induced to differentiate in vive into two distinct haema- 


topoietic lineages), and which in appropriate circumstances 
protect mice from potentially lethal radiation. 

The cell line was isolated from a long-term culture* of 
(C57BL/6 xDBA/2)F, female bone marrow cella, which had 
been infected with NB-tropic, polycythaemia-inducing Friend 
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Fig. 1 a, Cultured 416B cells stained with May-Grunwald 
Giemsa. Note large nuclear : cytoplasmic ratio, vacuolated cyto- 
plasm (x750) 6, Section through a pellet of 416B cells after 
glutaraldehyde-osmium fixation, showing the size variation of 
cultured cells. Three small round cells are apparent (corresponding 
to а), with smooth nuclear profiles and undifferentiated cytoplas- 
mic morphology. The large cell (perhaps a megakaryocyte pre- 
cursor) is characterised by size, dense mitochondrial population 
and extensive nuclear segmentation (x4,500). c, Detail of the 
cytoplasm of an undifferentiated cell, showing vacuoles containing 
intracellular immature virus particles, lacking the external coat. 
Extracellular virus particles are also apparent (x26,000). 
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leukaemia virus (FLV)*. Table 1 shows the essential features of 
these cultures. For the first 5-6 weeks, the virus-infected 
cultures behaved similarly to the controls, with both groups 
demonstrating extensive production of granulocytes (all stages 
of maturation) and maintenance of haematopoietic stem cells 
(CFU-S)É and granulocyte precursor cells (CFU-C)’*. The 
CFU-S formed spleen colonies containing all haematopoietic 
elements (erythroid, granulocytic and megakaryocytic). 





Fig.2 а, Section through mouse spleen (stained with haematoxy- 

lin and eosin) showing colonies produced from 416B cells (x5). b, 

Part of a spleen colony, demonstrating granulocytes in various 
stages of maturation and a single megakaryocyte (750). 


Subsequently, haematopoiesis in the control cultures decreased, 
and eventually only phagocytic mononuclear cells remained. In 
the virus-infected cultures, on the other hand, there was a 
sustained granulopoiesis (with a marked shift towards the 
production of immature forms) and a massive increase in CFU- 
S. However, as previously reported’, such CFU-S show limited 
differentiation capacity, producing spleen colonies containing 
only granulocytes and megakaryocytes. No erythropoiesis was 
observed. It is particularly significant that throughout the 
culture period, injection of the culture cells or cell-free super- 
natants into neonatal or adult syngeneic mice did not result in 
the development of leukaemia at >1 yr post-inoculation. In this 
respect, therefore, the cultures differ from our previously 
reported results where we showed that following infection of 
genetically susceptible marrow cultures with FLV complex, both 
the helper (LLV) and the ‘defective’ (SFFV) viral components 
replicated, resulting in a maintenance of the erythroleukaemia- 
inducing capacity of the virus. In the present experiment, 
although the LLV component is detectable (with weekly titres 
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Table 1 Characteristics of normal and Friend leukaemia virus-treated long-term marrow cultures 
Weeks Cell count Morphology Total Total 
cultured x 10° B EG LG Mono CFU-S CFU-C 
1 14.8(11.3)* 4(0) 8(4) 58(62) 30(32) 703(358) ND(4,380) 
5 20.4(54.0) 35(27) 29(30) 23(36) 10(8) 340(1,120) 5,050(18,000) 
10 20.8(10.2) 10(3) 708) 5(60) 12(28) 1,730(211) 2,670(ND) 
14 21.6(6 6) 30(8) 60(10) 1(6) 5(76) 32,9401(0) ND(328) 
16 31.8(1.0) 16(0) 66(0) 12) 15(98) 136,7401(0) ND(0) 
18 33.6(3.0) 25(0) 70(0) 0(0) 4(100) 500,0001(0) ND(0) 
20 50.0(1.8) 400) 55(0) 00) 5(100) 250,0001(0) 50,0001 (ND) 





Cultures were established as previously described’. The cells were tested weekly for CFU-S and/or CFU-C and smears made for morphological 
examination. B, Blast cells, EG, promyelocytes and myelocytes; LG, metamyelocytes and polymorphonuclear cells; Mono, phagocytic mononuclear 


cells; ND, not done. 
* Control (normal) values are in parentheses. 
t Restricted differentiation capacity. 


ranging from 2 x 10* to 8 x 10° plaque-forming units per ml (ref. 
9), the erythroleukaemogenic ability (the SFFV component) has 
been lost. The precise reasons for this are unclear (and now 
under investigation), but the end result was that we were able to 
isolate a cell line with unique characteristics. 

After 20 weeks of culture (Table 1), aliquots of cells were 
transferred to fresh culture flasks. After several days, cell proli- 
feration of a nonadherent population was observed and further 
sub-culture was possible. The cells were designated 416B and 
samples of these carly isolates were cryopreserved. Morpholo- 
gically, the cells are heterogeneous: the majority are 
undifferentiated blast cells and ‘promyelocytic’ cells (Fig. 1a), 
with occasional larger cells with lobed nuclei. Ultrastructural 
analysis shows that the majority of cells are undifferentiated, 
have a large nuclear: cytoplasm ratio, smooth nuclear profiles 
and limited condensed chromatin (Fig. 1b). A minor proportion 
of cells shows some nuclear segmentation characteristic of 
immature granulocytes. The larger multi-lobed cells strongly 
resemble megakaryocytes (Fig. 15). Many cells show cytoplas- 
mic and extracellular forms resembling C-type virus particles 
(Fig. 1c). The population doubling time of the cells is 38-44 h. 
Karyotype analysis showed that about 95% of the cells possess a 
diploid chromosome complement, the remaining cells being true 
tetraploid or octaploid cells; this supports the proposal that the 
larger cells are developing megakaryocytes. 

The colony-forming ability of the cells in vitro is shown in 
Table 2. Cells were plated in the presence or absence of heart 
conditioned medium ? as a source of colony-stimulating activity 
(CSA) which is essential for the growth of normal bone marrow 
granulocyte precursor cells (CFU-C)!!. At low cell concen- 
tration, colony formation occurred only in the presence of 
CSA-containing medium, but at higher cell concentrations, 
CSA was not necessary. Thus, at high cell densities, the cells 
apparently produce growth-promoting factors; it is not known 
whether such factors are equivalent to CSA. The colonies 


consisted of loosely dispersed cells, reminiscent of ‘macrophage’ 
colonies!!, and in this respect differed from the typical compact 
colonies generally formed by leukaemic murine cells. 
Morphological analysis of the colony cells showed them to be 
similar to the parent population, with no obvious differentiation. 
Individual colonies were isolated from soft agar; all such isolates 
readily proliferated and produced permanently growing cell 
lines with characteristics identical to the original parental popu- 
lation, including the cell heterogeneity previously mentioned. 
We have tried to induce én vitro differentiation and maturation 
of the cells, using a variety of agents that promote differentiation 
of certain granulocytic or erythroid leukaemia cell lines'?. 

These included purified L-cell CSA, punfied erythropoietin, 

dimethyl sulphoxide, 5-bromodeoxyuridine, dexamethasone, 
and conditioned medium obtained from long-term cultures of 
normal mouse bone marrow cells. None of these reagents has so 
far induced morphological differentiation. 

The cells do, however, form macroscopically visible colonies 
in the spleens of irradiated mice (Table 2 and Fig. 2a); although 
the number produced varied widely, on all occasions the 
colonies contained only granulocytes and megakaryocytes at all 
stages of maturation (Fig. 25). Smears taken from the bone 
marrow also showed this limited differentiation pattern (Fig. 3a, 
b). There was no evidence of erythropoiesis or lymphopoiesis. 
Thus, in the appropriate ın огро environment, the cultured cells 
undergo apparently normal development. However, mice 
reconstituted with the cultured cells rapidly became anaemic 
due to defective erythropoiesis, and death occurred 11-20d 
post-irradiation. In an attempt to prolong survival, the recon- 
stituted mice were given weekly intraperitoneal injections of 
0.5 ml packed red blood cells; 30% of these mice survived for 
longer than 7 weeks. After 2 weeks only granulocytic and 
occasional megakaryocytic cells were found. Surface marker 
analysis failed to demonstrate the presence of Thy-1 antigen or 
surface immunoglobulin-positive lymphoid cells. 





Table 2 In vitro and in vivo colony formation by 416B cells 





In vitro 
Cells CSA 
plated (3 ml) Present Abeent 
10? 15-2 0 
10* 182421 0 
10° >1,000 >1,000 . 
5x10? Confluent colonies Confluent colonics 


In vivo 
Cells Spleen colonies 
injected I ш 
5x10: 20+1 0 0 
10° 28+3 0 0 
5x10? Confluent 1 0 
10* Confluent 25 1 
10° Confluent 25.3 18 5 





Jn in vitro experiments, the cells were plated in 3 ml Fischers medium supplemented with 20% horse serum (Flow) and antibiotics, in 0.3% agar. 
CSA was added as а 20% mouse heart conditioned medrum!? . Results are the mean and standard error of three experiments. In m vivo experiments, 
the cells were injected into mice previously exposed to 800 rade. The anumals were killed 8-9 d later and the spleens removed and fixed in Bouin's 


solution. Individual colonies were counted with a dissecting microscope. Experiments I, II and Ш were carned out 2, 5 and 10 months, respectively, 
after establishing the cell line. 
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Fig.3 a, Bone marrow taken from mice 2 weeks after injection of 
416B cells; note extensive granulopiesis (x750). b, As a, showing 
megakaryopoiesis (x750). 


At 6 weeks post-reconstitution, spleen and bone marrow 
cellularity had recovered to near normal values. Within the 
spleen the granulocytes were the major population, although 
14% of the cells were Thy-1-positive lymphocytes; B cells were 
absent. Granulocytes were also found in the bone marrow and at 
this time limited erythropoiesis was apparent. Karyotyping of 
the cells showed that approximately 5096 of the spleen cells 
were of donor origin, whereas in the bone marrow, all the cells 
were of host origin. This presumably represents re-emergence of 
a surviving host stem cell population" to provide erythropoiesis 
and T-lymphopoiesis. This finding is not surprising, as the 
elegant experiments of Micklem et al. ^^ showed that stem cells 
differ in their ‘competitiveness’. For example, when irradiated 
mice are reconstituted with a mixture of stem cells derived from 
the peripheral blood and bone marrow, both populations can 
initiate haematopoiesis, and presumably both can contribute to 
the 'short-term' survival of these animals. Within a few weeks, 
however, the number of ‘blood-derived’ cells declines and the 
haematopoietic system is reconstituted with marrow-derived 
stem cells'*. That system seems analogous to the one reported 
here and similar mechanisms may be in operation. Indeed, there 
is increasing evidence to indicate that there is a hierarchy of stem 
cells (CFU-S) which differ in self-renewal capacity ^ and 
perhaps in their ability to differentiate. The cell line described 
here may have arisen from a cell with restricted differentiation 
potential. The relatively few long-term survivors in our recon- 
stitution system may be related to the delayed onset of lympho- 
poiesis and consequent severe immunodeficiency in these ani- 
mals. 

Several questions arise. (1) Can the differentiation 'block' be 
overcome in vitro? (2) Is there a sub-population of normal stem 
cells in vivo which has similarly restricted differentiation poten- 
tial, or is the restriction imposed on the cells following infection 
with leukaemia virus? (3) Will antisera raised against the cells 
determine new haematopoietic or differentiation linked 
antigens? (4) Can the cells be induced to undergo leukaemic 
transformation and, if so, do specific chromosomal changes? 
occur? The answers to these points will give us valuable 
information on the nature of haematopoietic cell differentiation 
and transformation. 

This work was supported in part by the MRC and the Cancer 
Research Campaign. T.M.D. isa Fellow of the Cancer Research 
Campaign. We thank G. Johnson, S. Crompton and J. Rowe. 
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Purified L-cell CSA was a gift from Dr R. Shadduck and purified 
erythropoietin from Dr E. Goldwasser. 
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A specific helper factor which 
enhances the cytotoxic 
response to a syngeneic tumour 


IMMUNE RESPONSES are regulated at least in part by a 
complex system of cellular interactions which result in the 
specific enhancement or suppression of the reaction to a given 
antigen. In many situations soluble 'factors' seem to be able to 
replace these cells, although whether they actually do so in vivo 
remains unknown. Specific suppressor factors have been 
demonstrated to influence a variety of humoral and cell-medi- 
ated immune responses. Specific helper factors which augment 
antibody production have been studied extensively" ^, but 
analogous factors active in cell-mediated immunity have not yet 
been documented. Soluble factors which enhance the genera- 
tion of cytotoxicity have been reported by several workers"? but 
none of these has been demonstrated to be antigen specific. We 
report here the isolation of a helper factor which specifically 
enhances the generation of cytotoxic cells in a syngeneic mouse 
tumour system. 

We have shown previously that cells from spleen or thymus of 
mice bearing the P815 mastocytoma, or extracts from these 
organs, can specifically suppress the generation in vitro of cells 
cytotoxic to P815 (refs 9-11). These results are in basic 
agreement with those of Fujimoto et al. '? and Green et al. ^, who 
examined the influence of suppressor cells or factor on the in 
vivo growth of methylcholanthrene-induced tumours. In either 
assay system the activity measured is a net value which could 
comprise components of both help and suppression. Frac- 
tionation of our crude thymus suppressor factor by isoelectric 
focusing or by gel filtration indicated that there were fractions 
showing net enhancement of cytotoxicity suggesting the 
presence of both a helper and a suppressor factor in the same 
extract. In subsequent work aimed at the isolation of a helper 
factor, fractions of spleen extracts separated by gel filtration 
were used. 

Figure 1 shows the effluent profile of extracts from normal or 
8-d tumour-bearer spleens separated on G150 Sephadex. The 
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fractions were added to cultures containing normal DBA/2 
spleen cells together with mitomycin-C-treated P815 cells as 
antigen. After 5 d the cells were collected and tested for cyto- 
toxicity against P815 in an overnight 'Cr-release assay. Results 
from cultures containing fractions from the tumour bearers were 
compared with those from cultures containing an equivalent 
concentration of normal fractions. Only fractions II and III 
showed significant differences between the tumour and normal 
extract. Fractions prepared from extracts of spleens taken at 
various times after tumour injection indicated that suppressive 
activity, if present, was in fraction П, whereas enhancing activity 
in fraction III, indicating that the two activities could 
be at least partially separated on the basis of size (these data will 
be presented elsewhere). For subsequent work on the 
purification of a helper factor, fraction III from 8-d tumour- 
bearer spleens was used. 

Anti-P815 cytotoxicity generated in cultures containing 
tumour-bearer fraction III (TIIT) at concentrations between 0.1 
and 0.05 spleen equivalents was consistently enhanced (five 
experiments, data not shown), as compared with controls 
containing equivalent amounts of normal factor Ш (NIIT). 
Further purification of the factor was affected by absorbing NIII 
or TIII on to columns of P815 membrane fragments linked to 
Sepharose. Bound material wes eluted in mildly dissociating 
conditions with 2 M salt. As shown in Fig. 2a, the eluted material 
derived from TI was markedly enhancing at a concentration of 


0.05 spleen equivalents. Equivalent results were obtained with 


0.005 spleen equivalents, but at lower concentrations than this 
the belper activity was diluted out (data not shown). However, 
the control eluate derived from NII did not influence the 
response at any concentration tested. The data in Fig. 2a show 
that the purified helper factor increased the cytotoxicity about 
fourfold in terms of cytotoxic units. The specificity of the factor 
was tested by adding it to parallel cultures containing mitomy- 
cin-treated L1210 rather than P815 as antigen. Neither fraction 
had any effect on the generation of anti-L1210 cytotoxicity (Fig. 
2b). Similarly, the P815 helper factor did not enhance anti-H-2* 
killing generated in cultures of C57BL/6 spleen cells with 
irradiated DBA/2 spleen cells (data not shown). We have shown 
previously that cytotoxicity in the syngeneic system is T-cell 
dependent (and probably T-cell mediated), in that treatment of 








Tube No. 


Fig. 1 Fractionation of spleen extracts on Sephadex G150. 
Extracts were prepared by the technique previously used for 
thymus tissue!!, Spleens were taken from 8-12-week-old normal 
(broken line) or tumour-bearing (solid lme) female DBA/2 mice. 
The tumour bearers were injected 8 d before death with 2x 10° 
P815 mastocytoma cells in the right flank. At the time of death, the 
tumour was growing as an easily palpable confined mass at the site 
of injection. There was no evidence of metastasised tumour cells in 
thespleen by examination. Five spleens suspended in & 
small volume of phosphate-buffered saline (PBS) were frozen and 
thawed, homogenised in a conical glass tissue grinder, sonicated 
twice for 60 s on ice, centrifuged at 60,0006 for 60 min at 4 °C, and 
the supernatant was immediately applied to the Sephadex column. 
The column was eluted with borate saline, pH 8.3, collecting 4-ml 
fractions which were pooled as indicated. Mouse haemoglobin 
eluted near the peak of the second peak as indicated by arrow H. 
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Fig. 2 The effect of P815 membrane column-purified helper 
factor on the m vitro generation of cytotoxicity to syngeneic P815 
(a) and L1210 (5) tumour cells. 5 x 105 normal DBA/2 spleen cells 
were cultured with 5x 10 mitomycin-C-treated P815 or L1210 
cells in 2.5 ml of RPMI 1640 in 24 well Linbro plates (No. 
76-033-05). Cultures contained 10% fetal calf serum, 10 mM 
HEPES, 2x10 5 M 2-mercaptoethanol, with or without 0.05 
spleen equivalents of test fractions. After incubation for 5d at 
37°C the cells were collected and set up in a standard 18-h 
*iCr.release assay? against *'Cr-labelled P815 or L1210. The 
results show tbe averages and standard deviations of triplicate 
cultures. The P815 membrane Sepharose column was prepared as 
previously described!! by linking а sonicate of P815 membranes 
obtained by hypotonic lysis to Sepharose 4B activated with cyano- 
gen bromide. Unreacted groups were blocked with ethanolamine 
and the absorbent was washed with 0.1 M HCl and 2M NaCl 
before use. Fractions were stirred for 15 min at either 4 °C or room 
temperature with the absorbent. The absorbent was then poured 
into a small column, washed with PBS until the Argo of the eluate 
was «0.01 and then eluted with 2 column volumes of 2 M NaCL 
The Azs of the eluted material was in all cases «0.01. It was stored 
at —70 °С. Concentration is quoted as spleen equivalents based on 
the volume of original spleen homogenate, corrected for the 
change in volume following gel and affinity chromatography. 
Values for the eluted fractions are maximums based on the 


equivalents of purified factor. It can be seen in (a) that for an 


lin fan halt е ү каны 30%, about a quarter 
of the number of cells from helper-induced cultures were required 
аз compared to controls, indicating an approximately fourfold 
increase in cytolytic units. О, C, Cultures containing eluted frac- 
tions derived from THI or МП, respectively; @, contro! cultures 
without added factor. 


the effector population with anti Thy-1 antiserum and comple- 
ment before the 18-h abolishes killing!?. This was also true of 
the enhanced cytotoxicity generated in the presence of P815 
helper factor, suggesting that the mechanism of killing was not 
altered. 

Helper factors in other systems*'*** have been shown to be 
coded for by the I region of the major histocompatibility 
complex (MHC). Figure 3 indicates that this is also true for the 
P815 helper factor. In this experiment, the factor was incubated 
overnight with the antiserum; any immune complexes as well as 
residual free mouse immunoglobulin (Ig) were then removed on 
an anti-mouse Ig immunoadsorbent column. The capacity of the 
column was sufficient to bind twice the amount in the samples. 
Thus, free antibody, which might influence the response, was not 
added to the cultures. 

The anti Ia used here was prepared by immunising B10 mice 
repeatedly with B10D2 splenocytes. To render this serum 
specific for the Ia region of the H-2* MHC, it was absorbed 
exhaustively against P815 cells until it was no longer cytotoxic 
for these targets in the presence of rabbit complement. The 
properties of this absorbed antiserum are outlined elsewhere”. 
It can be seen that helper activity was absorbed by this 
antiserum. As controls, either anti H-2* or normal B10 serum 
absorbed with P815 (results not shown) were used. The purpose 
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Effector-to-target ratio 
Fig.3 The effect of anti-Ia antiserum absorption on the activity of 


was tested by an immuncadsorbent assay described previously. 
Anti-Ia? antiserum was prepared from B10 anti-B10.D2 
antiserum by absorption with P815 as outlined elsewhere’®. The 
control antiserum was B10.D2 anti-B10.BR. The antiserum and 
factor were incubated overnight at 4 °С and then passed over an 
immunoadsorbent column of goat anti-mouse Ig. This material was 
then added to cultures at a concentration ' of 0.01 spleen 

ts. Identical results were obtained in a second experiment 
using P815-gbsorbed normal B10 serum as the control. С 

anti H-2*; О, anti Іа“; Ф, control. 


of these controls was to show that the loss of helper activity was 
not due to some inhibitory effect of anti-H-2 antiserum or to the 
presence of P815 antigen which might combine with the helper 
factor. In neither case did the control antiserum remove activity. 
The results of this experiment show that the helper füctor bears 
I-region-coded markers but does not possess constant-region 
determinants of. mouse Ig. They do not exclude the possibility 
that the factor also has K? or D? determinants. 

The properties of the P815 helper factor are consistent with 
those of helper factors active in the antibody response. It binds 
antigen, is not a conventional antibody molecule, and seems to 
be I-region coded. Its molecular weight is about 50,000 by gel 


filtration. Preliminary results from SDS-polyacrylamide gel ^ 


electrophoresis of iodinated factor in reducing conditions 
indicate that it is a monomer of MW 65,000. We know of no 
other reports of antigen-specific helper factors active in the 
generation of cytotoxic T cells . There is, however, recent 
evidence of a requirement for specific helper cells in the genera- 
tion of killer T cells in allogeneic systems." As well as providing 
an additional way to study the mechanisms that regulate the 
generation of cytotoxic cells, the factor described here may offer 
a means of altering the course of tumour growth in vivo. 
This investigation was supported by the NCI of Canada. 
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Cytolytic and proliferative 
activity of a 
permanent T killer cell line 


. ATTEMPTS to establish lymphocyte cell lines with specific cyto- 


toxic activity by viral transformation of cytotoxic thymus- 
derived lymphocytes (T killer cells) have been unsuccessful in 
many laboratories. Screening of thymic lymphomas for specific 
cytolytic activity and attempts to hybridise thymic lymphomas 
with T killer cells have also been unsuccessful. During these 
studies it has become apparent, however, that alloreactive T 
cells derived from a primary mixed lymphocyte culture can be 
maintained in tissue culture for several months or even years, 
provided these cells are periodically stimulated with irradiated 
allogeneic spleen cells’*. Many of these cell lines, although 
retaining specific proliferative activity, tend to lose their cytoly- 
tic activity after about 6-12 months "^^. This, of course, makes 
these cell lines less useful for studying the receptor specificity, 
cytolytic activity or clinical usefulness of T killer cells. Here I 
report the successful establishment in tissue culture of a cell line 
which. has retained both specific proliferative and cytotoxic 
activity for almost three years in continuous culture. Я 


Table 1 Cytolytic activity of С C3 11-75 





io eek RP RIC UR 
Attacker 
to 
target — % Cyto- 
Target* H-2 ratio PHAY tomertyt 
- 5H 
Exptl СЗН bissts kkkkkkk — 30:1 - 3743 
| C3H bissts kkkkkkk — 10.1 = 1941 
RIL) ke.. k 301 - <i 
Ri(IL') k ..k .10:1 - <i 
3h 
Expt2 CH bisis kkkkkkk` 50:1 - 37424 
C3H blasts kkkkkkk 15:1 ~ 29422 
BALB/c blasts ddddddd 50:1 - <i 
BALB/c blasts ddddddd — 15:1 - «i 
C3H bissts kkkkkkk 50:1 + 4340.5 
C3H blasts kkkkkkk 15:1 + 37209 
BALB/c blasts - ddddddd 501 + 4502 
BALB/c bissts ddddddd 15.1 + 360.9 
3h 
Еңхз СН blasts kkkkkkk 50:1 — 4042.5 
B10A blest kkkdddd 50:1 - 43411 
B10A (4R) blasts kkddddd — 501 — 4240.8 
ATL bissts skkkkkd 501 - 39411 
C3H OL bissts ddddkkk 50:1 = 442.7 
BALB/c blasts ddddddd 50:1 - <i 


* Spleen celis (10° per ml) were cultured for 3 d m the presence of 10 pg mi 
bacterial collected and labelled with (ref. 2). 

‘+ PHA concentration was 5 pg mi хо the assay. 

t The followmg equation was usod to схргоев cytotoxicity: 

5i 51 
" Е (experimental * Cr release - spontaneous" Ст release) 
(maximal °"Cr release — spontaneous ^ Cr release) x 100 

Maximal release was calculated by freexing and thawing the target cells three 
tunes, Values are moans of duplicates Spontaneous release of targets was as 
follows expt 1: C3H - 5.1% per b, В I(TL*) «2.5% perh. Expt 2. CH 
4.7% perh; BALB/c=5.2% perh., Expt 3: C3H - 4.8 perh, B10A = 
5.196 por h, BIOA(4R) =4.5% perh; ATL = 4.7% per h; СЭН OL = 3.4% per h, 
BALB/c = 5.2% per b. ' 


Mixed lymphocyte cultures containing 10° per ml responder 
BALB/c spleen cells and 10° per ml 1,000 rad irradiated C3H 
stimulator cells were set up in Click's minimal essential medium 
supplemented with 5% selected fetal calf serum, 5x 10^ М 
mercaptoethanol, antibiotics and glutamine in 20 ml Falcon no. 
3013 tissue culture bottles!?. Culture flasks were incubated at 
an upright position in 5% СО, in air at 37 °C. Every 2 weeks the 
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Fig.1 C: C3.11-75 was titrated for its cytotoxic activity on 
C3H blast cells at various attacker to target cell ratios. The 3-h time 
point is given. Spontaneous release of C3H targets was 4.3% per h. 


culture supernatant was replaced with new medium containing 
10° per ті irradiated C3H spleen cells. The culture was 
regularly split when the cell density reached 5 x 10° cells per ml. 
The cell culture was called C-C3-11-75 as it is a BALB/c (H-2?) 
anti C3H (H-2*) T killer culture which was originally set up in 
November 1975 (ref. 2). After 5 months in culture 
C: C3 - 11 -75 showed strong cell proliferation—about 10-fold 
over background—when challenged with C3H (H-2*), CBA 
(H-2*) and A (H-2°) spleen cells but little or no stimulation was 
caused by DBA/1 (H-2°), C57BL/6 (Н-2°), ASW (H-2*) or 
BALB/c (H-2°) spleen cells’. Strong cytotoxic activity was 
assayed on H—2* spleen blast cells or tumour cells’. Beginning at 
about 10 months the cytolytic activity of C- C3- 11:75 as 
assayed on tumour targets gradually disappeared as previously 
seen with other T killer cell lines" ^. However, as shown in Table 
1, expt 1, cytolytic activity to C3H spleen blast cells is retained, 
while R1(TL*) which expresses both the К end private 
specificity H-2.23 and the D end private specificity H-2.32 (ref. 
5) is not lysed. Syngeneic BALB/c spleen blast cells are only 
lysed in the presence of phytohaemagglutinin (PHA) which only 
slightly increases cytotoxicity on C3H spleen cell blasts (Table 1, 
expt 2). The failure of C - C3 · 11 - 75 to lyse R1(TL”) suggested 
that this killer cell line recognises other than the K or D region 
coded antigens. In support of this, Table 1 expt 3 shows that not 
only C3H, but also B10A, B10A (4R) and ATL, spleen blast 
cells are lysed. In contrast, C3H OL and BALB/c blast cells are 
not lysed. Taking the failure of C- C3- 11-75 to lyse R1(TL*) 
into account this would suggest that the determinants recognised 
by this cell line are encoded by genes to the right of the K region, 
that is, in the IA subregion®. As genes in this region are 
responsible for T-cell proliferation it was tested whether the 
spleen cells which are susceptible to lysis by C: C3- 11 · 75 are 
able to stimulate cell proliferation. It can be seen from Table 1 
that C3H OL does not stimulate cell proliferation, whereas 
BALB/c shows consistently significant stimulation. It is not 
clear what the basis of this stimulation might be. Cloning of this 
cell line will resolve the question of whether this cell line 
contains alloreactive as well as autoreactive cells. Aside from the 
stimulation by BALB/c much higher stimulation is seen with 
C3H, B10A and ATL spleen cells, which are good targets in the 
cytotoxic reaction. It therefore seems that the original popu- 
lation of killer cells was heterogeneous, consisting of cells which 
recognise several specificities expressed on both tumour cells 
and spleen blast cells. Prolonged selection of this cell line by 
periodic stimulation with C3H spleen cells has resulted in a 
population which only kills targets expressing antigens coded by 
the IA subregion genes’. It is possible but not certain that these 
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same antigens are responsible for the proliferation of this cell 
line. C: C3- 11-75 is sensitive to anti-@ and complement lysis 
and is also lysed by an anti Н-2° serum in the presence of 
complement. It can be frozen in liquid nitrogen and will start to 
proliferate after thawing with a doubling time of ~45 h. Both its 
proliferation and cytolytic activity depend on weekly stimula- 
tion with C3H spleen cells. A titration curve of its cytotoxic 
activity is shown in Fig. 1. Interestingly, the cytotoxicity has 
reached plateau values at attacker to targer ratios lower than 
10:1. This supports the contention that C: C3- 11.75 is a 
rather homogeneous T killer cell population. Maximal cytolysis 
is always found to be in the range 30-45% which may be because 
of heterogeneity in the target population or inhibition of the 
effector cells by soluble antigen. 





Table2 Proliferative activity of C- C3- 11- 75 





Proliferative 


асуу? 
Responder* Stimulator H-2 (c.p.m.) 
5x10* C- C3- 11-75 — — 68:413 
— BALB/c ddddddd TI x4 
— C3H OL ddddkkk 115415 
— C3H kkkkkkk 10043 
= B10A kkkdddd 77+7 
= ATL skkkkkd 1643 
5x10°C-C3-11-75 BALB/c ddddddd — 1,590192 
5x10 C. C3. 11-75 C3H 0L ddddkkk 168+ 16 
§x10*C-C3- 11-75 C3H kkkkkkk 12,1384 2,057 
5x10*C-. C3. 11-75 B10A kkkdddd — 8,514 € 723 
Sx10 C. C3. 11-75 ATL skkkkkd — 5,802118 
§x10*C-C3-11-75 ConA 
supernatant? -— 137 +22 





* 5x10* C- C3- 11-75 were cultured with 5 х 10° per ті 1,000-rad 
irradiated stimulator spleen cells in 1-ml tubes in RPMI-1640 medium 
(ref. 2). 

+ Cultures were labelled with 0.5 ы] *H-thymidine on day 2 and 
collected on day 3 (ref. 2). 

+ Con A supernatant was prepared by culturing mouse spleen cells 
with Con A for 2 days. The supernatant was filtered and tested as 
described in refs 7 and 8. 


Recently it was reported that alloreactive killer cells can be 
propagated up to 5-7 months by weekly stimulation with 
supernatants of spleen cells stimulated with concanavalin A 
(Con А)”. It is likely that these cells which can be stimulated by 
Con A supernatant are quite differen: from those described 
here*. One important difference is that С · C3- 11-75 cannot 
be stimulated by Con A supernatants (Table 2) but by spleen 
cells while the converse is true for the killer cells described by 
Nabholz et al.*. The establishment of an apparently continu- 
ously proliferating cytotoxic T-cell line which has retained 
specific biological functions may be the ideal tool to study the 
cell surface receptors and the function of this important class of 
lymphocytes. 

This work was supported by the NIH. 1 thank J. Kouba and C. 
Crowley for technical assistance. 
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An Lyt differentiated thymocyte 
subpopulation p 
detected by flow microfluorometry 


DATA on the T-cell antigens, Lyt 1, 2, 3 (refs 1, 2), relating to 
functional T-cell subsets, suggest that some peripheral T cells 
express restricted Lyt phenotypes, that is, Lyt 1*23- or Lyt 
1723* (ref. 3). Evidence has been presented showing that two 
major subpopulations of lymphocytes, Lyt 1* T cells and Lyt 
23* T cells, are committed to particular lines of functional 
differentiation in the immune response before encountering 
exogenous antigen in peripheral lymphoid tissue**. It has been 
suggested that the two major subpopulations representing T-cell 
help (Lyt 1*) and T-cell cytotoxicity or suppression (Lyt 23*) 
arise in the periphery from peripheral Lyt 123* cells*. Recent 
studies have concluded that as stem cells mature in the thymus, 
the thymic epithelium is important in determining which H-2 
specificities the maturing T cells are able to recognise as self’. 
Previous cytotoxicity data have been interpreted as indicating 
that Lyt 1, 2, 3 antigens are expressed on each of most if not all, 
mouse thymocytes; that is, that most thymocytes are Lyt 123* 
(refs 1—4, 8-10). However, the data presented here suggest that 
the commitment to differentiation of the Lyt 1* or the Lyt 123* 
phenotype, and thus presumably the relevant functional 
differentiation occurs before cell migration from the thymus. 
Using flow microfluorometry (FMF) and anti-Lyt antisera, we 
demonstrate a normal thymocyte subpopulation which is not 
expressing Lyt2 or Lyt3 antigens (Lyt1*23 ). This sub- 
population represents a significant constant proportion (10%) of 


suspended in phenol red-free HBSS modified with 0.1% NaN, and 0.1% 
bovine serum albumin were incubated for 45 min at 4 *C with antiserum and 
washed twice by centrifugation in 2 mi volumes of the same medium. The 
antl-Lyt-sensitised сей were then resuspended in about 50 ul residual 
liqud, incubated for 30 min with FI-GAMIg, washed twice, resuspended m 
0.4 mi of modified HBSS, and analysed by FMF on a FACS П (Becton 
Dickinson) which is equipped with an argon юп laser operated at 488 nm 
wavelength and 200 mW for ftuoreecsin excitation. The beam ж focused by а 
39-mm focal length spherical lens. Fluorescence 13 detected with an 8-11 
response pbotomultipher tube at 520 V with 520-am and 530-nm berner 
filters. Each section of the Figure displays two cell frequency 

positive thymocytes 


were incubated with 10 yl of 


expressing 

(30p.&i, in а Beckman arfuge) for 20 min to remove complexes and 
aggrogates ummediately before use. c,d, Anti-Lyt 1.2, these cell suspensions 
were the same аз those in а,Ь, except that this antiserum recognises the 
opposite Lyt 1 allele and therefore Вб cells are the positrve populations, and 
B6/Ly 1.1 cells are negative. Ant-Lyt 1.2 was obtained from a pool of 
C3H/An mice mmmunised with CE normal 25 ш of ths 
antiserum was used for analysis of Lyt 1.2 expression є, Anti-Lyt 2.1; the 
posttrve cell populations ш this case were obtamed from B6/Ly 2.1, 3.1 
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normal thymocytes which is markedly increased following in 
vivo cortisone treatment. The data also show that Lyt 1 expres- 
sion, rather than decreased on cortisone-resistant thy- 
mocytes (CRT), as would have been predicted from previous 
cytotoxicity data, is in increased amounts on CRT. 

We have used thymocytes of C57BL/6 (B6) mice or the 
appropriate B6/Ly congeneic strains, anti-Lyt antisera and 
affinity-purified anti-mouse immunoglobulin (Ig) fluorescent 
staining reagents to re-examine the expression of Lyt 1, 2, 3 
antigens on the thymocyte surface. Preparation of these sera and 
reagents has been described in detail elsewhere’, 
Immunoftuorescence was analysed by FMF'* on a FACS П 
interfaced to a PDP 11/40 computer. This allowed us to 
quantitate total cell surface immunofluorescence on individual 
celis 


Figure 1a-d indicates that both anti-Lyt 1.1 and anti-Lyt 1.2 
react with >99% of all thymocytes. The Lyt 1 expression for 
both alleles is increased on CRT (Fig. 15, d) relative to normal 
thymocytes (Fig. 1a, c), as indicated by the increased level of 
fluorescence on Lyt 1* cells; for example, 5096 of CRT have 
71,200 fluorescent units per cell compared with 19% of normal 
thymocytes (Fig. 1a, b). In contrast, anti-Lyt 2.1 and anti-Lyt 
2.2 (Fig. 1e-h) react with only 90% of normal thymocytes and 
either allele is expressed on only 30-5096 of CRT. When the 
Lyt2 reagents were used at saturation, the mean peak of 
fluorescence of the positive cells on the cell frequency dis- 
tribution histogram indicated that Lyt2* CRT cells were 
expressing less detectable antigen on the surface than normal 
thymocytes. Normal B6 thymocytes from neonates are similar to 
those from adults in Lyt expression, indicating a constant 10% 
Lyt 2 thymic subpopulation at least from birth. 

There is an apparent correlation between the expression of 
Lyt 3 and that of Lyt 2. (1) The same number of normal 
44 Normal thymocyte CortsODo-ren stint 
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thymocytes are positive with reagents detecting either antigen 
(compare Fig. 1 e.g.i); (2) like Lyt 2 expression on CRT, a higher 
proportion of Lyt 37 cells is seen with CRT than with normal 
thymocytes (compare Fig. 1i, J); (3) treatment with both anti- 
Lyt 2 and anti-Lyt 3 still leaves 10% normal thymocytes 
unstained. 

Each anti-Lyt 2 and anti-Lyt 3 histogram shows two nearly 
symmetrical peaks (Fig. 1e-j) one of which falis beneath the 
negative-control histogram peak and contains about 1096 of the 
total cells, the second of which falls almost entirely outside the 
range of the negative cell control and contains 90% of the total 
cells. If, in non-saturating conditions, increasing amounts of 
anti-Lyt 2 are added, the entire dominant positively stained 
peak of cells is shifted to the right (brighter), whereas the minor 
peak of negative cells (unstained cells) is unchanged. By 
contrast, each histogram obtained with anti-Lyt 1.1 or anti-Lyt 
1.2 shows one major asymmetrical peak containing >99% of 
the cells. Although this peak partially overlaps that of the 
negative control, several lines of evidence indicate that all cells 
under the major peak are Lyt 1*: (1) if more anti-Lyt 1 is used, 
theentire major peak shifts to the right (brighter), such that it no 
longer overlaps the control peak; (2) the major peak is always 
unimodal with a trail of bright cells, and (3) a small distinct peak 
(«0.596 of cells) invariably precedes the major peak and may 
represent Lyt 1^ thymocytes. In summary, the frequency dis- 
tribution histograms for normal thymocyte expression of Lyt 1 
can be described as a major peak of ‘dull’ positive cells with a 
trail of ‘bright’ cells. In contrast, the Lyt 2.3 histograms can be 
described as a minor peak of negative cells and a major peak of 
positive cells with relatively homogeneous staining. The CRT 
pattern for Lyt 1 is a relatively flat distribution of positive cells 
with two approximately equal peaks of Lyt 2*3* and Lyt 2737 
cells. Thus, the patterns of Lyt 1.1 and Lyt 1.2 antigen - 
sion resemble each other, as do those of Lyt 2.1, Lyt 2.2 and Lyt 
3.2. Expression of Lyt 1 antigen is, however, different from Lyt 2 
and Lyt 3. 

Dual-parameter analysis of forward light scatter (1-15°), a 
relative measure of thymocyte size!5, and of immunofluores- 
cence for expression of these Lyt antigens was carried out on 
normal thymocytes and CRT. These analyses indicate that Lyt 
23° cells are medium to large in size and express relatively high 
amounts of Lyt 1. In contrast, the majority of Lyt 23* cells are 
smaller and express lower amounts of Lyt 1. Figure 2 shows light 
scatter profiles of B6 CRT showing different staining levels. It is 
important to remember that fluorescence intensity by this 
method reflects total antigen expression, not necessarily antigen 
density. 

Recently we described a series of mouse thymic lymphomas 
which seemed to display limited or restricted Lyt phenotypes 
similar to functional differentiated, peripheral T cells'*. Most of 
the tumours in that study were TL*. As TL antigen expression is 
restricted to thymocytes and T-cell lymphomas’’, we s 
that a normal thymocyte subpopulation existed which was TL* 
and already differentiated for Lyt antigen phenotype. Other 
data!* also predict the functional differentiation of TL* thy- 
mocytes. The results presented here confirm the existence of a 
significant subpopulation of normal thymocytes which are 
differentiated in expression of Lyt antigens. Similar results have 
been obtained for several other strains of mice, including 
BALB/c, A/J, C3H and DBA/2. 

The increased expression of Lyt 1 on CRT, as detected by 
these antisera and FMF, was not predicted by previous cyto- 
toxicity data**. Increased expression of Lyt 1 cannot be attri- 
buted to induction of antigen expression during the tests because 
the entire procedure was carried out at 4°C in Hanks’ balanced 
salt solution (HBSS) containing 0.1% NaN;. 

The increased expression of Lyt 1 on CRT is probably not 
attributable to Fc binding of the anti-Lyt antisera because; (1) 
there are marked fluorescence profile differences between anti- 
Lyt 1 and anti-Lyt 23 on the same cell suspension (2) appro- 


priate negative congeneic cell controls are not stained in the' 


same conditions with the same antisera (see Fig. 1). (3) staininga 


479 





No of cells (x 107 7) 





Light scatter intensity (arbitrary units) 


Fig. 2 CRT from C57BL/6 (B6) mice wore prepared and treated with 
ant-Lyt antisera and FI-GAMIg as decribed for Fig. 1. FMF analysis was 
AES E E RE 

the computer on both light scatter (LS) and fluorescence (FI) smul- 
taneously fox 10° total cells (not eclocted on LS) Data жеге collected in a 
64x64 matrix such that the x-axrs represented LS, the y-axs FI, and the 
4- aiis tho coll пайга! cach ee a 
analysis are descnbed elsewhere ^. Here, upper and lower thresholds 
(windows) were selected on Fl intensity and all LS data within cach window 
are shown as the number of cells versus LS a, The LS of B6 CRT 
staining with different mtensites with anti-Lyt 12 Dull calls (——) were 
solocted as those with intensthes of «384 FI units (see Fig. 1d). The 


ini 
7640 Fl units (see Fig 1d) and here represented 65% of the viable CRT 
The first peak (cells <21 LS units) in all the histograms in the Figure 
represents dead cells which have lower scatter intensity than viable cella’, 
and which in these CRT comprised about 30% of the total cell 


«150 FL units (Fig. 1А) and represented 51.5% of tho viable CRT m this 
t The posttrve cells (- – —) were selected as those with intensities 
7260 Fl units (Fig 1k) and represented 44.8% of the viable CRT 


50:50 mixture of cells from mice expressing both alleles (for 
example, Lyt 1.1 plus Lyt 1.2) yields only 50% positively stained 
cells (data not shown). This considerably decreases the possi- 
bility of activation of Fc regions of Ig leading to nonspecific 
staining of Lyt 1^ cells. (4) As a precaution, all alloantisera and 
fluorescent reagents were ultracentrifuged at 100,000 g before 
being used in these tests. 

The discrepancy between complement-mediated, antibody- 
dependent cytotoxicity and FMF analysis may be explained by 
one or more of the following. (1) Our technique is more accurate 
in terms of the ability to measure the quantity of surface antigen 
expressed on individual cells. Thus, we were able to detect the 
minor Lyt 1*, 23~ subpopulation of thymocytes. (2) There might 
be a quantitative difference in the expression of Lyt 1, and 
cytotoxicity assays with complement might kill only Lyt 1 
*bright' cells. Varying levels of Lyt 1.1 antigen expression on 
peripheral T cells have already been suggested to explain a 
titrated depletion of cytotoxic effector T cells with anti-Lyt 
1.1??. However, other factors are involved, because easily killed 
normal thymocytes express less Lyt 1 than do CRT by quan- 
titative immunofluorescence (Fig. 1a—d). Furthermore, there is 
no selective loss of Lyt 1 bright cells after cytotoxic depletion of 
CRT (data not shown). (3) Complement-mediated, antibody- 
dependent cytotoxicity only detects surface antigen expression 
when the antigen is recognised by antibody capable of binding 
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complement, for example, antibody of the IgG2 or IgM classes. 
Most of the presently available highly cytotoxic pools of anti-Lyt 
antisera contain considerable amounts of non-cytotoxic IgG1, 
anti-Lyt antibody (manuscript in preparation), which may block 
effective complement-mediated cytotoxicity. Using a selected 
pool of anti-Lyt 1.2, with no detectable IgG1, we have been 
able to kill >90% of CRT. (4) Other cell surface changes related 
to the differentiated state of the CRT may make cells more or 
less sensitive to antiserum plus complement. Recent work has 
suggested that specific lipids inserted into the membranes of 
tumour cells reduce the sensitivity to such cytotoxicity”. (5) The 
genetic locus for Lyt 1 may be a complex with more than one 
specificity. For example, a specificity, Lyt 1.1", may define a TF 
subset capable of helper cell function, whereas Lyt 1.1° defines a 
T-cell subset required for delayed-type hypersensitivity. These 
specificities could potentially be further defined by genetic 
differences, or the use of monoclonal antibodies obtained by 
anti-Lyt-myeloma fusions. Extensive analysis of the Lyt 1 alleles 
has been complicated by the fact that the titre of the anti-Lyt 1.2 
antisera is much lower than that of anti-Lyt 1.1 antisera. This has 
also hindered comparative analysis of these antigens from pre- 
vious cytotoxic data'*?!, However, results with a limited 
number of anti-Lyt 1.2 antiserum pools indicate that expression 
of Lyt 1.2 closely resembles that of Lyt 1.1 in the FMF 
immunofluorescence analysis of thymocytes, CRT and 
peripheral T cells. Furthermore, preliminary evidence suggests 
that peripheral T cells display similar Lyt 123 phenotypes to 
those detailed here for CRT. 

The accepted hypothesis suggests that all thymocytes and 
therefore all peripheral T cells express Lyt 123 during differen- 
tiation’. Our data suggest that there may be two lines of thymic 
differentiation; one line which expresses Lyt 1 but not Lyt 2 or 3 
and a second line which expresses all three antigens during 
differentiation. Thus, there would be two thymocyte sublines 
corresponding to Lyt 1* cells and Lyt 123* cells. The functional 
capabilities of the peripheral T cells could be determined by or 
reflect the phenotype expressed in the thymus. 
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Substance P causes direct depolarisation 
of neurones of guinea pig 
interpeduncular nucleus іл vitro 


SEVERAL lines of evidence suggest that the undecapeptide, 
substance P, is involved in synaptic transmission in various areas 
of the central nervous system’. The development of a specific 
radioimmunoessay and new immunohistochemical techniques 
has allowed the identification of several x apie Rene but гозо 
pathways involving substance Р in the brain 

Eisai ts dic ыкы ы ышым: 
in the in uncular oucleus contain high concentration of 
substanceP'. In addition, lesioning of the habenula causes a 
drastic decrease in the substance P concentration in the inter- 
peduncular nucleus^. These findings imply that substance P may 
act as a transmitter in the habenulo-interpeduncular system. 
Therefore, in the present study, the effect of substance P has 
been examined in vitro on the interpeduncular neurones in an 
isolated guinea pig brain stem preparation. Substance P 
depolarised the membrane of the in cular neurones. 
This finding supports the possible transmitter role of substance P 
in the central nervous system. 

The brain of an adult guinea pig of either sex was removed 
from the skull, placed on filter paper soaked with Krebs solution 
with the ventral surface of the brain facing upwards and divided 
along the midline. A block of the brain stem which included the 
thalamus, hypothalamus, mamillary body and interpeduncular 
nucleus was made by removing the majority of the brainstem, 

and the cerebral cortex. A slice —500-600 шп 
thick was cut from the medial surface using a stainless steel 
slicer. Incubation, stimulation and recording procedures are 
described in detail elsewhere’. The slice was continuously per- 
fused with Krebs solution equilibrated with 97% O4 and 3% 
CO, at 36°C. Under a binocular microscope the stimulating 
electrodes, consisting of a pair of tungsten wires were placed 
gently on the habenulo-interpeduncular tract. For extracellular 
and intracellular single cell recordings, conventional glass 
microelectrodes were used. 


Membrane potential (mV) 





2 4 6 8 10 20 


Fig.1 Effects of substance P on the resting membrane potential of 

the interpeduncular neurone. Upward and downward arrows 

represent the duration of a perfusion with a Krebs solution 

containing 1077 M substance P and the commencement of washing 

with normal Krebs solution. Inserts action potentials 

eS кошо нс Upward deflections 
- represent positive polarity. 
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` Intracellular recordings from interpeduncular neurones show 
their Der ени membrane potential to be 52.8+6.7 mV. Each 
to stimulation of the habenulo-inter- 
оета Т tract (50-100 ps duration) with an excitatory post- 
synaptic potential which evoked an action potential. No hyper- 
polarising potentials were observed. In most records spon- 
taneous firing occurred. 

In 10 stable extracellular records, substance P (1077 M) was 
shown to increase reversibly the firing rate of the inter- 
peduncular neurones 1.5 to 5-fold except for one neurone on 
which no obvious change occurred. L-glutamate also increased 
the firing rate of the interpeduncular neurones and dose- 

curves show 10 ^M L-glutamate to be roughly 
equipotent with 107" M substance P. In Fig. 1, intracellular 
records show that substance P (107° M) induced a depolatisation 
of ~8 mV. The original membrane potential was restored by 
washing. The excitatory action of substance P was preserved in 
low calcium medium. 

Although the excitatory action of substance P observed in the 
present study may be nonspecific, comparable studies on slices 
cut from the hippocampus and cerebellar cortex which contain 
almost no substance P show substance P to exert no effect. 
Similar negative results were reported by Dodd and Kelly^. 

I thank Professor M. Otsuka for providing substance P and for 
helpful suggestions, and Professor H. Kuriyama for valuable 
discussions. | 
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Depolarisation-induced c changes 
in muscarinic 
cholinergic receptors in synaptosomes 


PROLONGED exposure of receptors to. ligands can result in a 
reduction in the number of available binding sites’*. This 
constitutes one possible homeostatic mechanism in the control 
of interneural communication as there is a functional desen- 
sitsation of target tissues. The association between trans- 
mission-linked events and the extent of ligand binding can be 
investigated conveniently in synaptosome preparations. Here 
we present evidence for what may be a similar desensitisation 
phenomenon for pre- or postsynaptic muscarinic acetylcholine 
receptors on synaptosomal membranes as a result of depolaris- 
ation mediated via prolonged or persistent opening of sodium 
channels. 

Depolarisation of synaptosomes and cells by electrical stimu- 
lation or veratrine treatment cause, through membrané 
depolarisation, augmentation of metabolic rates, Ca?* uptake, 
membrane protein phosphorylation, Ca^" dependent trans- 
mitter release, cyclic GMP levels, and increased turnover of 
neurotrungmitters? >, АП these effects, together with K* efflux, 
are abolished or greatly reduced by blocking the Na* channels 
with tetrodotoxin, which, in the absence of stimulation, has no 
observable effect?1912.13. 

Muscarinic receptors in the rat brain have been characterised 
in detail using tritiated agonists and antagonists! ^ ?*. The bind- 
ing of one such radiolabelled antagonist, ['H]N -methylatropine 


0028-0836/79/0277—0481$01 00 


‘ment of synaptosome preparations! 


(% of zero time) 





20 40 
Time (min) Le " 


Specific PH] N-methylatropine binding (nmol per g protein) 





Current (mA) 
Fig. 1 Time and stimulus-dependence of synaptosomal receptor 
population. S; were prepared from cerebral cortex ^ 


and incubated at 37°C in Krebs-phosphate medium containing 


ypo-osmotic lysis 
of the resultant pellets, at O °С in 10 mM phosphate buffer pH 7.0 


vitis Are шам ie seeped 
membranes. These were stored at — —80*C before 


of the stimulus was investigated by changing the current delivered 

through the electrodes. In each case, stimulation lasted for 30 min. 

A typical experiment is shown for a group of six samples cach of 

which showed a different rate of decline of antagonist binding to 
the muscarinic receptors. 


CH-NMA), to muscarinic receptors on synaptosomal 
membranes was greatly reduced lup. to 50%) following treat- 

with electrical pulses, and 
to a lesser extent, after veratrine treatment. This effect was 
totally abolished when tetrodotoxin (1 pM) was present during 
stimulation (Table 1). With increasing duration of stimulation, 
the number of receptors decreased at a considerably faster rate 
than did the contro] unstimulated, synaptosome membranes 
(Fig. 1a). In addition, the extent of the reduction in ligand 
binding appeared to be proportional to stimulus size over the 
current range 600—800 mA (Fig. 15). Depolarisation with 
56 mM K* in contrast produced no change in the number of 
antagonist binding sites. 

It may be that the depolarisation-induced loss of *H- 
antagonist binding.is due to the action of cytoplasmic or 
lysosomal e (or other, soluble factors) released from 
synaptosomes. These could modify the ligand-binding proper- 
ties of receptors by proteolysis or other biochemical actions. 
This possibility was investigated in several ways. The presence of 
chymotrypsin (3 М) during the 1-h synaptosome incubation 
did not cause any reduction in binding nor did inclusion of 
phenylmethyl sulphonyl fluoride (a serine protease inhibitor) at 
30 uM prevent the electrically stimulated loss. The effects of 
endogenous synaptosomal proteolytic enzymes on muscarinic 
receptors were tested by adding synaptosomal lysates to intact 
synaptosome preparations. Addition of freeze-dried protein 
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Table 1 Effect of depolarising agents and neurotranmmitters on subsequent muscarinic antagonist binding to synaptosomal membranes 
"s *H-antagonist bound per g synaptosomal protein (% of control values) 


Electrical Veratrine K* Glutamate Carbachol 
pubes — : 
Control 100 (8) 100 (9) 100 (6) 100 (4) 100 (8) 
Tetrodotoxin 952 (3) 98 (2) — — — 
Stimulation 58:5* (15) 8322 (9)* 106+4 (9) 107+5 (6) 105+4 (17) 
Stimulation in presence of 
9323.1 (4) 9724 (5) — — — 


from rat cerebral cortex’? were incubated at 37°C in Krebs-phosphate medium containing 10 mM glucose and 


Synaptosomes prepared 
tetrodotoxin (1'uM), where appropriate, in 
for 30 min. Pelleted 
membranos 


Warburg respirometer flasks. After preincubation for 30 min stimulation was applied by addition of 
veratrine (76 uM), potassium (56.mM), glutamate (100 and 200 uM) or carbachol (0.1-100 jM) or by 


of electrical pulses’? 


application 
were then exposed to hypo-osmotic lysis at 0 °C in 10 mM phosphate buffer pH 7. 0 and the pellet of synaptosomal 
previously! 


synaptosomes were 
obtained after centrifugation (100,000g, 10 min) stored at —80 °C. Subsequent receptor binding was performed as described 
using saturating concentrations of [Н] N-methylatropine (10 * M) and a rapid centrifugation method’, Nonspecific binding, determined by 
incubating the membranes and *H- NMA with a high concentration (1 uM) of 3-quinuctidinyibenzilate or atropine, was in general less than 10% of the 
specific binding. Values for controls were in the range 1-2 nmol *H-antagonist per g synaptosomal protein. Results are means + s.¢.m. for the number 


of independent 


experiments given in brackets. 
* Significantly different from control, P< 0.005 (using a completely randomised analysis of variance). 


80 pg mi (equivalent to 20% of the total osmotically releas- 
able synaptosomal protein) to the incubation did not reduce the 
binding of *H-NMA to the receptors. A concentration of 
150 ig ml! was required to produce a 15-20% loss in binding 
over 1h. The effects shown in Table 1 would require lysis of 
50-80% of the incubated synaptosomes on electrical stimula- 
tion; such damage-has not been observed in previous 
experiments ''-?, As the ‘proteolytic potency’ of the lysate may 
have been reduced by extraction and freeze-drying, synap- 
tosomal membranes were incubated in the medium obtained 
from a previous incubation of intact stimulated synaptosomes. 
This medium would contain any released soluble enzymes. No 
loss of binding of *H-NMA was observed in this experiment. 
Furthermore, the loss in numbers of muscarinic receptors was 
not accompanied by a change in activity of the membrane- 
bound enzymes, Na*/K*-ATPase or acetylcholinesterase, or 
any detectable changes in the Coomassie blue staining pattern of 
the protein bands of solubilised synaptosomal membranes, 
when electrophoresed on SDS-polyacrylamide gels. In these 
experiments, electrical stimulation of synaptosomes prelabelled 
with the irreversible label, *H-propylbenzilylcholine mustard", 
showed no evidence of кое of the specifically labelled 
83,000 molecular weight” binding site of the muscarinic recep- 
tor or of release of the membrane-bound receptor into the 
medium: Thus the observed fall in the antagonist binding 
capacity seems to be a specific effect linked to the depolarisation 
event or its sequelae rather than to any gross degenerative 
effects triggered by the stimulus. 

The exposure of crude synaptosome preparations to high 
concentrations of muscarinic agonists is apparently without 
effect on the subsequent time-dependent binding kinetics of 
agonists or antagonists to the receptor population!*!*. Our 
results (Table 1) similarly showed that pretreatment of synap- 
tosomes with carbachol, or glutamate (to simulate transmitter 
release) or potassium (which is released during depolarisation) 
had no effect on subsequent *H-NMA binding. 

Our experiments suggest that the decreased binding of *H- 

. NMA to muscarinic receptors on electrical stimulation or on 
veratrine treatment is not a direct effect of these agents since the 
receptor ‘loss’ is inhibited by low concentrations of tetrodotoxin, 
which blocks sodium channels. The decreased binding seems to 
be a result of depolarisation of the synaptosome. One of the 
main consequences of depolarisation is the release of neuro- 
transmitters. However, the loss of binding activity does not seem 
to'be a result of neurotransmitter—receptor interactions as the 
phenomenon is not triggered by treatment of the synaptosomes 
with carbachol or glutamate. Hence the phenomenon is different 
from the reported agonist-induced loss of B-adrenergic recep- 
tors*. Furthermore, the fact that K* depolarisation does not 
“decrease "H-NMA binding suggests that the receptor loss is 


specifically associated with the persistent opening of Na* chan- 
nels. 

One possibility is that an agent, released with the neuro- 
transmitter (presumably acetyicholine) modifies the muscarinic 
receptor. However, any modification of the receptor does not 
seem to be a general proteolysis; the molecular weight of the 
receptor and the activity of certain membrane-bound enzymes 
are not altered by electrical stimulation. The hypothetical factor 
would have only a transient activity in reducing binding to the 
receptors in view of the fact that incubation of the medium from 
electrically stimulated synaptosomes with intact synaptosomes 
has no effect on ?H-NMA binding. As synaptosomes consist of 
intact presynaptic structures, commonly carrying parts of the 
postsynaptic membranes and thickenings, such a factor would be 
released, along with the neurotransmitter, in high concentration 
into the synaptic cleft. Any such factor could therefore rapidly 
modify both postsynaptic and presynaptic receptors before 
inactivation or diffusion from the cleft. 

An alternative possibility that the loss is principally of presyn- 
aptic receptors located on the synaptosome membrane and is 
caused by endocytosis of receptors or a modification of this 
membrane which is initiated by depolarisation. This hypothesis 
would imply that at least 50% of the receptors in the preparation 
were localised presynaptically as this is the observed loss of 
*H-NMA binding. There is evidence for the presynaptic local- 
isation of muscarinic receptors?! 7: in the present experiments 
carbachol (200 M) stimulated amino acid release by 30-80%. 

One can speculate that the modification of the binding pro- 
perties of the muscarinic receptor, if reversible in vivo, could 
provide a mechanism for desensitisation, which is known to 
occur with considerable facility in muscarinic receptor-linked 
responses? ^. The mechanism of receptor ‘loss’ is being 
investigated further. 

Y.A.L. was in receipt of an SRC postgraduate training grant. 
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Voltage-dependent calcium 
current induced by serotonin 


CALCIUM ions have a central role in the regulation of neural 
activity!'?. Changes in intracellular calcium concentration affect 
membrane permeability to other ions and thereby alter 
membrane excitability’. Furthermore, calcium is required for 
transmitter release from nerve terminals. A neurotransmitter 
that specifically induces an inward calcium current might have 
profound effects. We report here that in some neurones of 
Aplysia, serotonin can induce such a calcium current. A pre- 
vious investigation’ revealed that iontophoretically applied 
serotonin elicited an unusual excitatory response in some 
neurones of Aplysia. At hyperpolarised potentials the neuro- 
transmitter produced a slow excitation (component 1) that 
behaved simply as an increase in sodium conductance, similar to 
the A’ response of Gerschenfeld and Paupardin—Tritsch®. At 
depolarised potentials (7—30 mV), the response was voltage 
dependent and behaved as a regenerative inward current 
(component 2). At all potentials, the slow excitatory response to 
serotonin was insensftive to changes in extracellular chloride or 
potassium concentration. However, in sucrose-substituted 
sodium-free solutions, the response was greatly attenuated. 
Although a calcium current was not excluded, it was tentatively 
suggested that sodium was responsible for the regenerative 
inward current as well as for component 1. Further study has 
now shown that the regenerative inward current component is 
carried by calcium ions. 

The slow excitatory response was elicited by iontophoretic 
application of serotonin on unidentified neurones of the left 
caudal quarter of the abdominal ganglion and cells B1 and B2 of 
the buccal ganglia of Aplysia californica. Iontophoretic pulses of 
serotonin were applied at a constant rate (once every 5 min) 
throughout the experiment. Neurones were voltage clamped by 
the single-electrode method of Wilson and Goldner’. Methods 
are the same as those described previously’. 

Calctum currents in many preparations are blocked by the 
divalent cations cobalt’*° and manganese! ?''?. Figure 1a shows 
that component 2 of the excitatory response to serotonin is 
strongly attenuated by 25 mM cobalt in calcium-free seawater. 
This was consistently observed in all of the seven cells tested 
with cobalt. Component 1 was affected to varying degrees; in 3 
cells it was minimally affected, but in four it was greatly reduced. 
In the cell illustrated, component 1 was only slightly attenuated. 
Manganese (25 mM in calcium-free seawater) was also a potent 
blocker of the excitatory response to serotonin (Fig. 15). In the 
six cells tested, it reversibly attenuated both components of the 
excitatory response to serotonin. The actions of manganese on 
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Fig. 1 Actions of calcium blockers cobalt and manganese. The 
graph in a shows that 25 mM cobalt in calcium-free seawater 
blocks component 2 (the inward current at potentials more 
depolarised than —30 mV) but minimally affects component 1 (the 
inward current at more hyperpolarised potentials), The current 
traces in a are from the same cell and show responses to serotonin 
when the membrane potential was voltage clamped to —10 mV in 
normal seawater (Control) and in the presence of cobalt. Inward 
current is represented by a downward deflection. b Shows the 
current respo.se to serotonin in another zll when the membrane 
potential was clamped to —14 mV whale in normal seawater 
(Control), in 25 mM manganese in norma. seawater, and following 
кишка ые E О, Control; @, 25 mM 


component 1 are reminiscent of the effects of this divalent cation 
on the fast sodium-dependent response to dopamine observed 
by Ascher!!. 

When extracellular sodium was replaced with glucosamine, 
component 1 was attenuated within 15 min. This effect was 
rapidly reversed with the reintroductior of sodium. As shown in 
Fig. 2, component 2 was affected differently, in that the response 
to serotonin was prolonged. In two of ths three cells studied, the 
response was still present after 40—50 min in sodium-free 
seawater. In the third cell, component 2 of the response was 
initially prolonged, but within 40 mir had declined to zero 
amplitude. The response recovered slowly in normal seawater, 
requiring 60 min for 50% reversal. Thur, component 1 is always 
quickly and reversibly blocked by sodium-free solutions, 
whereas component 2 is either left unbiocked or is very slowly 
attenuated. In squid axon, prolonged exposure to sodium-free 
solutions increases intracellular free calcium”, and intracellular 
accumulation of calcium has been shown to block an inward 
calcium current’*’*. This may be the basis of our observed 
depression of component 2 in sodium -free solutions. It was 
previously reported that the serotonim response was tly 
reduced by sucrose-substituted sodiun-free seawater. The 
present results using other Na* subst tutes suggest that this 
effect may be related to the decreased ionic strength of the 
solution or to some nonspecific action, -ather than the reduced 
sodium concentration. 

The different ionic sensitivities of the two components of the 
excitatory response to serotonin indicate that these are 
independent conductance changes. This is further supported by 
the observation that in some cells only component 1 was ob- 
served, whereas in others only component 2 could be elicited by 
iontophoresis of serotonin. Component 1 is probably the A' 
response of Gerschenfeld and Paupardia-Tritsch? and is due to 
an increase in sodium conductance. The results presented here 
suggest that calcium is carrying the regenerative inward current 
at depolarised potentials (component 2°. 

This is the first demonstration that ioatophoretic application 
of a neurotransmitter can elicit a curref carried exclusively by 
calcium. Of further interest is the regenerative nature of the 
inward current. Regenerative inward calcium currents have 
been observed in other systems. A regenerative calcium current 
is responsible for the calcium component of action potentials’. It 
is also thought to underlie the burst firing behaviour of 
neurones'?"5, and Eckert and Lux! have suggested that, in 
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Fig. 2 Effects of sodium-frec seawater on current response to 

serotonin. Na*-free trace was taken after 55 min in sodium-free 

solution. Membrane potential was voltage clamped to —18 mV. 

Glucosamine HCl completely replaced NaCl in the seawater: The 

pH of the solution was adjusted to 7.2 by addition of 60 mM 

Mg(OH}. ‘Control’ and ‘Wash’ solutions were normal seawater at 
pEEA.2 to which 60 mM MgCl, had been added. 
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Helix, this current is carried -exclusively by calcium. At the 
presynaptic terminal of squid giant synapse, Katz and Miledi’? 
characterised a regenerative inward calcium current tbat they 
hypothesised was responsible for transmitter release. Induction 
of a regenerative calcium current by serotonin may serve to 
modulate one or more of these processes. 

Demonstration of a neurotrangmitter-evoked calcium current 
suggests the possibility of transmitter regulation of intracellular 
calcium concentration. As intraceliular calcium is a principal 
regulator of a variety of cell functions, this transmitter action is 
of great physiological significance. Modulation of transmitter 
release is one possible role for a serotonin-induced calcium 
current. Our finding may explain some observations reported in 
the literature. Shimahara and Tauc'" and Kandel et а! have 
proposed that serotonin mediates presynaptic facilitation. In 
some cells of Aplysia, serotonin can broaden action potentials in 
the presence of tetraethylammonium, and Klein and Kandel'? 
suggested that a calcium current is modulated by the neuro- 
transmitter. Dretchen et 212° һауе observed that transmitter 
release at the mammalian neuromuscular junction is enhanced 
by serotonin, perhaps through a cyclic AMP mechanism. In 
neuroblastoma-glioms hybrid cells cultured with normal mouse 
myotubes, Christian et al?! have shown that serotonin caused 
release of acetylcholine and facilitated synaptic release. The 
regenerative inward calclum current induced by serotonin 
deacribed here may underlie the presynaptic modulatory actions 
of serotonin, and may also have other important, as -yet 
unrecognised, regulatory effects on neuronal function. 

We thank Drs W. A. Wilson and H. R. Guy for discussions. 
T.P. held an NRC Resident Research Associateship. 
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Inhibition of Ca?* efflux from 


mitochondria by 
nupercaine and tetracaine 


IT was reported by Mela‘? that local anaesthetics stimulate Са?“ 


(refs 5, 6). However, another possibility is that local anaesthetics 
affect differentially, and more directly, the uptake and efftux of 
Ca", Recent evidence suggests that mammalian mitochondria, 
in addition to the well documented route for Ca** accumulation, 
have a different mechanism for Ca?* release" ?. In the case of rat 
liver mitochondria, inhibition of Ca?* uptake by the addition of 





Fig. 1 Effect of nupercaine on rat liver mitochondrial Ca^* 


experimen 

of 12.5 pmol acetoacetate at A. 4 nmol ruthenium red was added 
at R and 0.5 pmol nupercaine at Nu. The initial pert of the trace is 
omitted for clarity. The dotted line represents the course of Ca^" 
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Fig. 2 Effects of tetracaine on Ca?* uptake and efflux. The 
experimental procedure was the same as for Fig. 1, traces a-d, 
except that for measurement of the rate of Ca?” uptake, the time 
axis was expanded 2.5 х. Each assay contained 8 mg rat liver 
mitochondrial protein. A, Initial rate of Ca?* uptake after the 
addition of 50 пто! Ca?*; О, @, initial rate of efflux after addition 
of ruthenium red. In @, 12.5 pmol acetoacetate was added 1 min 
before ruthenium red. 


ruthenium red causes a slow release of Ca?* from the mito- 
chondrial matrix’® which is enhanced by substrates such as 
acetoacetate, which cause oxidation of intra-mitochondrial 
NADH (ref. 10). In mitochondria from other tissues, such as 
heart and brain*?, the ruthenium red-insensitive release is 
dependent on Na* ions. We report here, using mitochondria 
from both rat liver and brain, that nupercaine and tetracaine, at 
concentrations which do not inhibit Ca?" uptake, cause 
considerable inhibition of the ruthenium red-insensitive Ca** 
efflux observed in energised conditions. 

Rat liver mitochondria were prepared as previously 
described'', except that 0.5 mM EGTA was included in the 
homogenisation and first-wash media. Non-synaptosomal rat 
brain mitochondria were isolated by the method of Garbus" ina 
medium containing 320 mM sucrose, 5 mM HEPES-KOH, pH 
7.6, and 0.5 mM EDTA, followed by purification on a dis- 
continuous Ficoll gradient as described by Nicholls’. Са?” 
uptake and output were measured using arsenazo III as an 
extra-mitochondrial Са?” indicator’? in an Aminco-Chance 
dual wavelength spectrophotometer equipped with a stirred 
cuvette. The overall response time was approximately 0.5 s. 

Figure 1b shows the standard procedure used for our 
experiments with rat liver mitochondria. The addition of suc- 
cinate causes the rapid uptake of free Са?* from the medium 
(40 nmol) plus Ca?* which has leaked out of the mitochondria 
before the initiation of respiration. After 2 min the mitochon- 
dria were loaded with a further 50 nmol Ca?* (as CaCl;). Then, 
after a further 2 min, uptake was inhibited by the addition of 
1 nmol ruthenium red per mg protein. This resulted in a slow 
Са?” efflux, as described previously^*. In Fig. 1a, 60 4M 
nupercaine was added before Ca?*. It can be seen that this has 
no effect on the kinetics of Са?“ loading, but the subsequent 
efflux rate after ruthenium red addition is inhibited to approxi- 
mately 5076 of the control rate. When 2.5 mM acetoacetate is 
present for 1 min before ruthenium red, the initial rate of efflux 
is approximately doubled (Fig. 15, d). Figure 1c shows that this 
higher rate is also 50% inhibited by 60 uM nupercaine. 
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Although in these experiments the anaesthetic was in contact 
with the mitochondria for 34 min, preincubation is not neces- 
sary. Figure le shows that the addition of 100 uM nupercaine 
after efflux has been initiated causes am essentially immediate 
inhibition of Са?* output. This result seems to rule out the 
possibility that effects due to preservation of mitochondrial 
integrity are involved in the inhibition cf efflux, as these would 
presumably require the presence of the anaesthetic throughout 
the experiment. 

Figure 2 summarises data for tetracaine, including its effect on 
the velocity of Ca?* uptake. It can be seen that concentrations of 
the anaesthetic which cause up to 70% inhibition of efflux have 
essentially no effect on uptake, although at higher concen- 
trations uptake is impaired to some extent. Preliminary 
Observations with butacaine suggest that it behaves similarly to 
tetracaine, but there is a less clear distinction between its effects 
on uptake and efflux. The concentratior of butacaine required 
for 50% inhibition of efflux is ~0.8 mM, zompared with 0.2 mM 
for tetracaine and 0.06 mM for nuperca ne. 


| 20 nmol 


| Can 


2min 


Fig. 3 Effects of nupercaine and tetracaine on rat brain mito- 
chondrial Ca?* uptake and efflux. Each assay contained in 5 ml: 
250 mM sucrose, 20 mM Tris-HCl, pH 7.6, 1 ug rotenone, 1 mM 
potassium phosphate, pH 7.6, 6 pM arsenazo III, 12 „М free Са?” 
(measured with a Ca**-sensitive electrode) and 2.4 mg mitchon- 
drial protein. For all traces: S indicates the addition of 12.5 umol 
succinate (K* salt); Na, 25 pmol NaCl; R, 2 nmol ruthenium red. 
In addition, experiment a contained 1.1 pmol nupercaine and b 
2.5 pmol tetracaine, both added 30s before succinate. Other 
conditions were as for Fig. 1. 


Figure 3 shows the effects of nupercaine and tetracaine on 
Ca?* transport by rat brain mitochondria. In the conditions of 
this experiment, both compounds produce a considerable 
stimulation of uptake, an almost complete inhibition of the 
Na*-induced efflux and a 50% inhibitior. of the rate of Са?” 
release subsequent to ruthenium red addit:on. The nature of the 
stimulation of uptake is not clear, but one possibility is a 
decrease in Са?” cycling during uptake. 

Because the local anaesthetics used in this study all carry a 
positive charge, it might be expected that when they bind to a 
membrane they would reduce its passive permeability to 
cations'^. Also, local anaesthetics have been shown to compete 
with Ca” for binding sites in the mitochondrial membrane ^. It 
is rather surprising, therefore, that, at low concentrations, 
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nupercaine and tetracaine inhibit Са?* efflux and have little 
effect on, or stimulate, Са?* uptake. Also, we have found that 
the rapid efflux of Са?” brought абош by collapse of the 
membrane potential by uncouplers or antimycin A (ref. 7) is not 
affected by tetracaine, either in the presence or absence of 
ruthenium red. The inhibition of efflux in energised conditions 
thus seems to be a relatively specific effect, and provides further 
evidence for the view that the route for Са?” efflux from 
mitochondria is different from that for uptake. It is clearly a 
possibility that if mitochondria are involved in the regulation of 
cytosolic Ca?* concentration, then this concentration might be 
perturbed by the application of nupercaine or tetracaine. Such a 
perturbation of external Са?* concentration would not be 
readily observed in the experimental conditions shown in Fig. 1, 
as even in the absence of nupercaine, measurements with a 
Ca?*-sensitive electrode show that the mitochondria reduce the 
free external Са?” concentration to approximately 1 uM. If 
nupercaine stimulated the uptake of some, or even all, of this 
residual Ca?*, the resulting change in absorbance of arsenazo III 
would be very small. It has, however, been observed? that the 
application of 0.1-1 mM tetracaine to perfused liver blocks both 
glucagon and cyclic AMP stimulated gluconeogenesis and Ca?* 
release into the perfusate. 
We thank CIBA for the nupercaine. 
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Gene fusion during the evolution 
of the tryptophan 
operon in Enterobacteriaceae 


THE genes of tryptophan biosynthesis are organised differently 
in various species of microorganisms’. In several organisms it 
seems that gene fusions have joined functionally distinct poly- 
peptide chains into single bifunctional proteins. Here we present 
our analysis of one example of a possible gene fusion and an 
attempt to deduce the sequence of events responsible. 

The two initial reactions specific to the tryptophan pathway 

Mg?* 


chorismate + L-glutamine — anthranilate + pyruvate 


+glutamate (1) 


Mg?* 
—— 


anthranilate + 5-phosphoribosylpyrophosphate 
N-(5'-phosphoribosyl)anthranilate + pyrophosphate (2) 
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are catalysed by the enzymes anthranilate synthetase (AS) and 
anthranilate-5-phosphoribosylpyrophosphate phosphoribosyl 
transferase (PRT) respectively. In many bacterial репега'?, AS 
is an enzyme complex containing two non-identical poly- 
peptides, components I and П". Component I alone can convert 
chorismate to anthranilate using МН, but not L-glutamine as the 
amino donor. Component II contributes glutamine amido 
transferase (GAT) activity to the complex, thus conferring the 
ability to use L-glutamine as the amino donor’. While the size of 
AS component I is fairly uniform in bacteria’, at least two 
different forms of component II have been observed. In 
Escherichia coli*, and Salmonella typhimurium’ it has a molec- 
ular weight of about 65,000 and has two distinct enzymatic 
capabilities: it provides the GAT activity for reaction (1) when 
complexed with component I, and catalyses reaction (2), the 
PRT reaction, whether in the complex or not. In Serratia 
marcescens a small polypeptide with a molecular weight of 
21,000 contributes the GAT activity to AS°*, but a separate 
polypeptide with a molecular weight of 45,000*? has PRT 
activity. 

The two enzyme activities of AS component II of E. coli and 
S. typhimurium are associated with different segments of the 
polypeptide chain. Genetic studies indicate that the GAT 
activity resides in the N-terminal third of the molecule while 
PRT activity is associated with the remainder of the polypeptide 
chain!^"?, Mild proteolytic digestion of intact component I- 
component II complexes of E. coli or S. typhimurium*? 
produces a component II fragment of molecular weight 23,000 
which retains GAT activity but lacks PRT activity. Li et al." have 
found extensive amino acid sequence homology at the N- 
terminal end of these component II fragments of E. coli and S. 
typhimurium and the functionally homologous intact 
component П GAT polypeptide of S. marcescens. This suggests 
that the GAT region of the bifunctional component П poly- 
peptides of E. coli and S. typhimurium and the smaller GAT 
subunit of S. marcescens share the same evolutionary origin and 
lends direct support to the idea that the bifunctional component 
II polypeptides of E. coli and S. typhimurium arose by fusion of 
two separate genes, one coding for a GAT and a second coding 
for PROBS 

In E. coli all the genes of tryptophan biosynthesis are 
organised as an operon with the structural gene for AS 
component I (trpE) closest to the promoter/operator region". 
trpE is followed by the structural gene for AS component П 
(trpD), with the genetic region specifying the GAT portion of 
the polypeptide (trpG) closest to trpE*. In order to indicate the 
two domains of the structural gene for the bifunctional 
component II polypeptide of E. coli, we shall designate it 
trp(G)D (ref. 1). In S. marcescens, the evidence for the organis- 
ation of the genes of tryptophan biosynthesis as an operon is 
indirect’. In particular, it was uncertain whether the structural 
gene for the GAT subunit of AS, trpG, lies adjacent to trpD, the 
PRT structural gene, or whether it is unlinked to the remaining 
genes of the operon, as in Bacillus subtilis, where AS component 
II also seems to provide GAT function for p-aminobenzoate 
synthesis”, 

We have recently characterised a cloned DNA fragment 
containing the regulatory region and first structural gene, /рЕ, 
of the S. marcescens trp operon'*. DNA sequence analysis 
revealed that the fragment also contains the sequence coding for 
the first nine amino acids at the N-terminus of AS component II, 
confirming that trpG lies adjacent to trpE in the гр operon of S. 
marcescens'?. Here we report the cloning of a different DNA 
fragment containing all the structural genes of the S. marcescens 
trp operon with the exception of #pA. A functional and struc- 
tural analysis of this DNA fragment established that the gene 
order at the promoter proximal end of the S. marcescens trp 
operon (trpE-trpG-trpD) is analogous to the arrangement in Е. 
coli. We have determined the DNA nucleotide sequence of the 
trpG-trpD punctuation region іп S. marcescens and of the 
analogous region of the fused mp(G)D gene of E. coli. A 
comparison of the two sequences reveals extensive homology 
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Fig-1 a,Restrichon map of a cloned fragment containing S. marcescens trpEDCB. Chromosomal DNA of S. marcescens was prepared by the 
method of Saito and Minra®’. 10 ug of chromosomal DNA and 5 ug of pBR322 DNA were digested with EcoRI, phenol extracted, ethanol 
precipitated and resuspended in 250 pl of ligation buffer (60 mM Tris-HCl, pH 7.6, 10 mM MgCl, 10 mM dithiothreitol, 1 mM ATP). The 
mixture was incubated in the presence of T4 DNA ligase for 2h at 13°C. Ligation was stopped by ethanol precipitation and the pellet 
resuspended in 100 p! TE-buffer (10 mM Tris-HCl, pH 7.9, 0.1 mM EDTA). 20 ш were used to transform Е. coli strain JA 221(C600 
rm" AtrpE5 leu recA, obtained from J. Carbon) to prototrophy. Trp'transformants were screened for plasmid content. Plasmid pGM6 was 
recovered from such a transformant. It carries a single 4,800 base pair EcoRI insert. A restriction map of this insert is shown іп the top portion of 
(a). The direction of the transcription 1з from left to right. The approximate location of the various rp genes is indicated underneath; the gene 
order 1n the dotted portion of the line has not been determined with certainty. The bottom portion of (a) shows an expanded restriction map of 
the DNA region containing the interconnecting/intercistronic region. The arrows indicate the direction and length of sequencing 
runs, b, Restriction map of a DNA fragment from E. coli containing the trpG—rpD interconnecting region. E. coli tpPOLED DNA was isolated 


from plasmid pVH153”°. The arrows underneath the restriction map indicate the length and direction of sequencing runs. 


within the trpG and trpD structural genes, but considerable 
divergence in the trpG-rpD junction region. How the two 
sequences may be evolutionary related will be considered. 

Chromosomal DNA of Serratia marcescens, obtained from 
wild-type strain SM6, was restricted with endonuclease EcoRI 
and the cleavage ucts were inserted into the EcoRI site of 
plasmid pBR322"*. Plasmids carrying the initial portion of the S. 
marcescens trp operon were selected from the ligation mixture 
by their ability to transform an E. coli recipient strain which 
carries a deletion of most of trpE to tryptophan independence 
(see legend to Fig. 1 for experimental details). Plasmids pGM6, 
isolated from such a transformant, carries a single EcoRI insert 
of approximately 5,000 base pairs, whose restriction map 
appears in the top portion of Fig. 1a. pGM6 yields Trp* trans- 
formants with pE, trpD, trpC and trpB but not #pA mutant 
recipients. Thus pGM6 carries most of the S. marcescens trp 
operon. The physical location and orientation of the S. marces- 
cens trp genes on the EcoRI insert was determined by subcloning 
portions of the insert using various restriction enzymes. One 
such plasmid, pGM63, carries the 1,500-base pair EcoRI-Sall 
segment from the left hand end of the EcoRI fragment shown in 
Fig. 1(ref. 18). This DNA fragment contains the entire trpE gene 
from S. marcescens *. The EcoRI site precedes the start of trpE 
by 20 base pairs, while the Sall site is located approximately 30 
base pairs beyond the trpE-trpG boundary. Neither pGM6 nor 
pGM63 contains the promoter/operator region of the S. 
marcescens trp operon. Therefore, in both plasmids transcrip- 
tion of the trp genes must originate at a pBR322 promoter. The 
orientation of the insert is the same in both plasmids. 
Transcription is towards the region determining tetracycline 
resistance and away from the region determining ampicillin 
resistance’®, 

We estimated the location of the trpG-rpD boundary of S. 
marcescens on the basis of the molecular weight of 21,000 for 


the trpG gene product**. The end of trpG and the presumed 
trpG-trpD. intercistronic region was predicted to be approxi- 
mately 500 base pairs from the Sall site in the initial portion of 
trpG. A detailed restriction map of this DNA segment is shown 
in the bottom portion of Fig. 1a. DNA sequence analysis was 
performed with DNA fragments labelled at either the Hint] sites 
(positions 400 and 520) or the HinclI site (position 330) as 
outlined in Fig. 1a. 

The analogous region of the E. coll trp operon is contained on 
plasmid pVH153”. This plasmid carries E. coli rpPOLE(G)D 
on a 4.7 megadalton EcoRI fragment from AtrpED,, inserted 
into the EcoRI site in pVH51 (mini-CoIEI?!). A Ніла site is 
located in the initial portion of E. coli tp(G)D™. The exact 
location of this restriction site, 275 base pairs from the rrpE- 
trp(G)D punctuation region, has been determined by DNA 
sequence analysis (C. Yanofsky et al, in preparation). The 
molecular weight of 23,000 for the amino terminal proteolytic 
fragment of E. coli AS component П is very similar to that of 
component П from S. marcescens (21,000). By analogy to the $. 
marcescens trp operon we would therefore expect the trpG-D 
junction region in E. coli to be located approximately 300 base 
pairs downstream from the HindIII site. A restriction map of the 
corresponding DNA segment is shown in Fig. 1b. DNA 
sequence analysis was performed with DNA fragments labelled 
at either the Apal site at position 225 or the Poull site at 
position 380 as indicated in Fig. 15. The nucleotide sequence of 
this DNA segmentis presented in Fig. 2 along with the sequence 
of the analogous region from S. marcescens. 

The 5. marcescens nucleotide sequence contains a potential 
ATG translation initiation codon at positions 88-90 (Fig. 2). 
The predicted amino acid sequence from this site is identical to 
the previously determined amino acid sequence at the N- 
terminal end of 5. marcescens PRT™. This confirms our 
assumption that 2рр follows trpG in the S. marcescens trp 
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operon. The amino acid sequence at the C-terminal end of S. 
marcescens AS component Il was determined by car- 
boxypeptidase digestion of purified component II. The results 
ССр, Ala)-Leu-Ala-Lys-COOH) indicate that the TAA at 
positions 70—72 is used as the translation stop codon. In S. 
marcescens trpG and trpD are thus separated by an untranslated 
region 16 base pairs in length. Six contiguous mucleotides within 
this region (TAAGGA) are homologous to the 3' terminus of E. 
coli 168 rRNA™, a A мшш common to many prokaryotic ribo- 
some binding sites? 

The nucleotide and amino acid sequences preceding and 
following the segment corresponding to the trpG-trpD inter- 
cistronic region have been extensively conserved between S. 
marcescens and E. coli. Twenty of 23 amino acids in the trpG 
portion and 16 of 22 amino acids in the trpD portion are 
identical (Fig. 2). Several changes at the nucleotide level (eight 
in trpG; seven in trpD) are not reflected at the amino acid level. 
In contrast to this, sequence conservation is not immediately 
apparent in the trpG—trpD intercistronic region (Fig. 2). In E. 
coll 15 nucleotides are present in this DNA segment compared 
with 16 in S. marcescens; as a consequence the coding sequences 
of the E. coli trpG and trpD segments are in phase. This, together 
With the absence of translational stop and start signals (also there 
is no obvious sequence homology to the 3’ end of 16S ribosomal 
RNA), accounts for the production of a ‘fused’ trp(G)D poly- 
peptide in E. coli. 

The marked similarity between the two sequences suggests a 
common origin. This implies that at least once during the 
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Fig. 2 Nucleotide sequence of the DNA region surrounding the 
trpG-trpD interconnecting/intercistronic region in E. coli and 5. 
marcescens. The two sequences have been lined up in the trpG and 
trpD portion to show homologies. The predicted amino acid 
sequence ts indicated between the DNA sequences. A split amino 
acid sequence Indicates that the nucleotide sequence predicts a 
different amino acid for the two organisms at that position. The 
predicted amino acid sequence following the ATG codon at posi- 
tion 88-90 of the S. marcescens nucleotide sequence corresponds 
exactly to the previously determined amino acid sequence at the 
N-terminal end of S. marcescens PRT”. The c леш resis 
of 5. marcescens AS component П were determined 
boxypeptidase A and B digestions of the purified protein The 
sequential appearance of Lys, Ala, Leu, and Trp served to identify 
the TAA at position 70-72 as the translation stop codon. The 
message punctuation signals in the S. marcescens trpG-D inter- 
exstronic region (translation stop and start codons, homologies to 
the 3’ end of E. coli 16S rRNA) are underlined. DNA sequence 
analyns was performed by the method of Maxam and Gilbert! as 
Details of this and related procedures such as isolation of plasmid 
DNA and DNA restriction fragments, restriction site mapping, | 
phosphatase treatment, polynucleotide kinase reactions and . 
agarose and Ae 
38,3 
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Fig. 3 Hypothetical sequence of events involved in the con- 
version of the separate trpG and trpD genes of S. marcescens into 
the single fused ap(G)D gene of Е. coli. In reality the postulated 
fusion event would have taken place in a common ancestor of both 
organisms which may have been similar to S. marcescens in its 
> nucleotide sequence. 


evolution of the trp genes in the Enterobacteriaceae a gene 
fusion or gene separation event occurred in the trpG-trpD 
region. Bonner ef al? have suggested that evolutionary 
development progresses from independent proteins through 
multimeric enzymes to fused gene products. Alternatively, as 

pointed put by Largen et al.” , a fusion event involving ancestral 
trpG and rpD genes may have occurred before the appearance 
of the Entrobacteriaceae, in which case the separate trpG and 
trpD genes of S. marcescens would represent the result of a 
subsequent separation of the fused genes. Although the first 


- possibility seems more plausible, the available evidence does not 


allow us to rule out the alternative route. 
- If the fused irp(G)D arrangement of Е. coli were ancestral to 
the S. marcescens gene oider, the conversion of the first Lys 


" codon of Fig. 3 to a stop codon would probably suffice to give 


separate, active, trpG and trpD polypeptides. The present day 
trpG-trpD interconnecting nucleotide sequence of E. coli may in 
fact have weak ribosome binding and' translation initiation 
activity. Mutational studies suggest that there is a translation 
reinitiation site within E. coli trp(G)D which can produce a 
polypeptide with PRT activity'^"?. In addition, as mentioned 
earlier, the polypeptide segment specified by the trpG portion of 
trp(G)D of E. coli has GAT activity. Thus separation could 
occur without loss of activity. Subsequent mutational changes 
could improve the efficiency of ribosome binding to the initia- 
tion region of trpD and consequently increase the yield of PRT. 
One of several hypothetical sequences of events that would 
result in the formation of the fused E. coli trp(G)D gene from 
the separate trpG and trpD genes of S. marcescens is illustrated 
in Fig. 3. In a first step a single mutational event removes the 
trpG translational stop signal, allowing out-of-phase translation 
into the adjacent trpD. Both trpG and trpD are still expressed 
but out-of-phase translation probably would reduce production 
of the trpD polypeptide. Deletion of a single base pair in the 
immediately adjacent region (step 2) results in the formation of a 
fused polypeptide whose two functional domains would be held 
together by an 'immature' connector region. However, the fused 
gene retains the efficient parental trpD ribosome binding site 
and thus might produce both a fused trp(G)D polypeptide and a 
trpD polypeptide. Subsequent mutations in the intercistronic 
region could inactivate the ribosome binding site and/or intro- 
duce functionally acceptable amino acids (step 3) and alter the 
ATG start sequence (step 4). Three synonymous codon changes 
and two substitutions resulting in amino acid replacements (step 
5) would then give the E. coli sequence. The E. coli connector 
region presumably does not interfere with the correct folding of 
the two functional domains of the fused polypeptide. As can be 
seen from the last line of Fig. 3, the overall sequence of events 
would not involve extensive base changes in the intercistronic 
region. This sequence of events neglects the fact that the fusion 
event would have taken place in an unknown Serratia-like 
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ancestor which differed from S. marcescens in its nucleotide 
sequence. It is obvious that a single deletion event could more 
simply fuse the adjacent G and D genes. Perhaps the connector 
region of E. coli, in mRNA or protein, has some important 
unsuspected function. 

Gene fusion and separation may have occurred several times 
in the evolution of the tryptophan genes. In yeast the third and 
fourth steps of the biosynthetic pathway are catalysed by 
separate proteins coded for by unlinked genes™, while in Е. coli 
and many other prokaryotes both reactions are catalysed by a 
single bifunctional polypeptide encoded in a single gene, 
trpC 1292959. The converse is found for tryptophan synthetase, 
where the fungal enzyme consists of a fusion of a and B chain 
elements??? which are separate polypeptides in E. coli and 
other prokaryotes?. The trpG-trpD case may be unique in that 
both the fused and separate states of the genes are found within 
closely related organisms, where evolutionary divergence 
apparently has not been significant enough to totally obscure the 
original fusion event. 

If the fusion of genes involved in the same pathway confers a 
selective advantage, one wonders why in S. marcescens the 
separate рО and trpD genes have not been replaced by a fused 
genetic element, particularly since fusion need involve so few 
mutational events. It is conceivable that in order for the fusion to 
become fixed, compensatory mutations must occur elsewhere 
within trpG or trpD. In such circumstances, the probability of a 
successful fusion event would be substantially reduced. Alter- 
natively, S. marcescens AS component H may serve as a GAT 
subunit in p-aminobenzoate formation as does AS component П 
of B. subtilis!*'" and Acinetobacter calcoaceticus™., Such a dual 
function of the rpG gene product would obviously place severe 
restrictions on the likelihood that trpG would undergo gene 
fusion. 

These studies were supported by grants from the USPHS (GM 
09738), the NSF (PCM 77-24333) and the American Heart 
Association. G.M. was a postdoctoral fellow supported by the 
Swiss National Science Foundation. C.Y. is a Career Investiga- 
tor of the American Heart Association. This work was per- 
formed in accordance with NIH guidelines on recombinant 
DNA research. 
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Specific binding of Mu repressor to DNA 


PHAGE MU is a temperate virus of Escherichia coli (for reviews 
sec refs 1, 2). The immunity system of Mu has been shown by 
genetic and physical mapping to lie in the furthest left, 1,000- 
base-pair restriction fragment of the phage DNA™. This end of 
the phage genome is associated with a short (100-base pair) 
segment of bacterial ОМА“. The HindlIII-c restriction fragment 
of Mu (the furthest left 1,000 base pairs*) has been cloned into 
the amplifiable plasmid pMB9 (ref. 7). These recombinant 
plaamids confer high levels of Mu immunity on their hosts and, 
when recloned into minicell-producing strains, were shown to 
produce an additional protein of 25,000 subunit molecular 
weight in purified minicells~’. This protein is assumed to be the 
Mu repressor because its production is correlated with immunity 
to Mu. We report here experiments which show that this protein 
binds specifically and with high affinity to Mu DNA, as would be 
expected of the Mu repressor. Furthermore, we demonstrate 
that the DNA sequence (operator) to which the Mu repressor 
binds is located on the same HindlII-c restriction fragment of 
Mu DNA as the repressor gene. 

In these studies DNA binding was assayed using the 
unpurified crude extract of labelled minicells as a source of 
repressor. These extracts contain so few other labelled proteins 
that the only purification required is the removal of the plasmid 
DNA. Extracts of minicells derived from strains transformed 


Table 1 Specific binding of the temperature-sensitive Mu repressor to 


Mu DNA 
Unaggregated 
Crude lysate of DNA -bound repressor represeor 
repressor (fractions 5/6 (6/7) (fraction 9/10) 
—DNA «196 31% 
+MuDNA 13% 26% 
+D108 DNA <1% 31% 
+A DNA <1% 31% 
+25 DNA І 14%* 23% 
+p5D7 DNA <1% 7*6 


The crude lysate of minicells was prepared as described in the legend 
to Fig. 1, and the top fraction of the high salt gradient used as the source 
of repressor. Aliquots were mixed with buffer IV or buffer IV plus 
20 pg Mu, A or D108 DNA, or 2.0 ug linearised plasmid 25 DNA or 
plasmid p5D7 DNA. The DNA concentrations were such that approx- 
mmately equal numbers of DNA molecules were added to each binding 
mix. The binding mixture was incubated and run on gels as described in 
Fig. 1 legend. The fractions collected were assayed for proteins and 
DNA ss before. Autoradiographs of the SDS-acrylamde gels run on 
gradients with repressor alone, repressor+Mu, repressor + D108 and 
represor +À DNA are shown in Fig. 1. The autoradiographs were 
scanned and the peaks of repressor weighed and normalised as described 
in Fig. 2 legend. The per cent of total repressor recovered from fractions 
5+6, or 6+7 (DNA-bound repressor), and from fractions 9+10 
(unaggregated repressor) is shown. Dus to the noise in the system, 
repressor in amounts <1% of the total repressor in the gradient would 
not be detectable by scanning; Mu, D108, A and plasmid p5D7 DNA 
sediment to fractions 5 and 6 in the gradients, whereas plesmid 25 DNA 
linearised by digestion with HindIII sediments to fractions 6 and 7 in 
these conditions. 
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procedure 

described by Zipser et al”) from y1274/pMB9-nm cIts62 HindiII-c 25 

(frozen ш 10 mM Tris, pH 8, 5 mM EDTA, 10% sucrose, 0.05 M NaCl) 
wore lysed in the following manner The mimcolis were thawed slowly on ice, 
and NaCl and lysoxyme were added to final concentrations of 0.3 M NaCl 
and 150 ug mI ^ Iysoxyme. After 1 h on ісе, the minicelts were frozen in a 
dry ice-eth&nol bath and thawed on ice, five tunes. Triton X-100 was added 
to a final concentration of 0.33% (v/v), and the minicells were incubated for 
20 min at 0°C. The crude lysate (150 ul total volurhe) was centrifuged at 
20,000 r.p.m. in a Beckman SW 60 rotor to remove cell debris and insoluble 
proteins. The supernatant was adjusted to 0.6 M NaCl and layered onto a 
5 ml 5-20% sucrose in buffer IV (10 mM Tris, pH 8, 1 mM EDTA, 0.1 mM 
dithiothreitol, 50g mI ^ bovine serum albumin) gradient contaimng 
0.6 M NaCL The gradient was then centrifuged for 2h at 45,000 r.p.m. 
(4 °C) in the Beckman SW 50.1 rotor, and 10 0.5-ml fractions were collected 
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mixed with buffer IV or buffer IV pius 20 ug DNA (Mu, D108 or A), and 

adjusted to 0.2 M NaCl. The bending mixtures were incubated for 30 mm at 
O*C and then layered onto 5 ші 5-20% sucrose in buffer IV gradients 
containing 0.05 M NaCL The gradients were centrifuged for 2 h at 45,000 
r.p.m. (4*C) in a Bockman SW 50.1 rotor, and 10 0 5-«nl fractions were 


similar manner, except that purificahon of phage 
strain 783 (Thi , Trp”, en*) with wild-type D108. 


with plasmids carrying the Mu repressor gene were mixed with 
unlabelled DNA and then sedimented through sucrose 
gradients*?. To assay repressor, samples from cach fraction of 
the gradients were subjected to electrophoresis on SDS-poly- 
acrylamide gels, and the amount of repressor determined from, 
autoradiographs of these gels. The position of the DNA in the 
gradient is determined from ethidium bromide-stained agarose 
gels run on each gradient fraction. 

The specificity of Mu repressor is demonstrated in Fig. 1 and 
Table 1. When a repressor extract without DNA is sedimented 
through a gradient, the repressor, as well as other labelled 
proteins, remain near the top of the gradient. When the same 
extract is used with Mu DNA, a significant fraction of the 
repressor sediments with the DNA, but the position of other 
labelled proteins remains unchanged. If equal amounts of DNA 
from D108, a phage heteroimmune to Mu, or from phage A are 
used, only trace amounts of Mu repressor are bound. 


Nature Vol. 277 8 February 1979 


When the binding was carried out at 0.1 М rather than 
0.2 M NaCl, some repressor was associated with D108, but less 
than the amount associated with Mu DNA. More repressor was 
found in the fractions between the DNA peak and the top of the 
gradient with D108 DNA than was found with Mu DNA, 
suggesting that the repressor was dissociating from D108 DNA 
as the DNA sedimented through the gradient. This indicates 
that although repressor binds tightly to Mu DNA, it has some 
affinity for other DNAs at lower salt concentrations. 

Increasing the salt concentration in the binding reaction from 
0.1 to 0.3 M NaCl had little effect on the amount of repressor 
bound to Mu DNA, but increasing it to 0.6 M NaCl eliminated 
repressor binding to Mu DNA. Binding was also not detected 
when both the binding mixture and the gradient contained 
0.2 M NaCl. 

Phage D108 is closely related, but heteroimmune, to phage 
Mu'?. Heteroduplex analysis of D108 and Mu shows a total 
nonhomology of 6*6 between the two phages, the largest region 
of nonhomology (3%) being in the left end of the phages", 
where the repressor maps. AsD108 does not bind Mu repressor, 
the operator must be nonhomologous and could be in the left 
end of the.phage genome also: This woüld be similar to the 
situation found with bacteriophage A, where the operators to 
which the A repressor binds are located close to the repressor 
gene*!!, This might mean that the Mu operator is also on the 
cloned HindlII-c fragment that carries the repressor gene. 

To test this possibility DNA of plasmid 25 (the same plasmid 
used to synthesise repressor) was used in the binding assay. As 
shown in Fig. 2, in the same conditions which gave specific 
binding to Mu DNA, the repressor binds to linearised plasmid 
25, but not to linearised pMB9 DNA. Furthermore, the repres- 
sor does not bind to DNA of plasmid p5D7 (a recombinant 
plasmid constructed by the terminal transferase tailing method 
in a fashion analogous to that of plasmid 25 but inserting yeast 
genes instead of Mu DNA). This argues against the possibility 
that the repressor binds to the AT-rich regions created during 
cloning (see Table 1). Three other plasmids (36, 42 and 54 (ref. 
7)) which were constructed in the same manner as plasmid 25 
and which carry the same Ніна fragment of Mu cIts62, also 
show specific binding of the Mu repressor. Thus, an operator to 
which the Mu repressor binds, is located in the furthest left 1,000 
base pairs of the Mu genome. 

The crude repressor preparations used for these studies 
contain varying amóunts of inactive repressor (repressor which 
cannot bind to operator-containing DNA).' The amount of 


Table 2 Binding of the temperature-sensitive Mu repressor to varying 


amounts of DNA 
А Unaggregated 
Crude lysate of DNA-bound repressor repressor 
repressor (fractions 6/7) (fractions 9/10) 
—DNA <1% 48% 
+0.1 pg 25 DNA 28% 44% 
+0.5 pg 25 DNA 55% ` 47% 
+2.5 pg 25 DNA 81% ' 38% 
+12.5 ug 25 DNA 62% 35% 
+0.5 ug pMB9 DNA 9% 49% 


A crude lysate of minicells was prepared as described in Fig. 1 legend. 
Aliquots of the top fraction of the high salt gradient were mixed with 
buffer IV, or buffer IV plus varying amounts of linearised plasmid 25 
DNA or 0.5 рё linearised plasmid pMB9DNA, and adjusted to 
0.2 M NaCL Binding mixtures were incubated and run on gradients as 
before. The fractions collected were assayed for proteins and DNA as 
described in Fig. 1 legend. Autoradiographs of the acrylamide gels were 
scanned for the repressor band and the peaks weighed and normalised as 
described in Fig. 2 legend. The per cent of total repressor recovered in 
fractions 6+7 (DNA-bound repressor) and in fractions 9+10 
(unaggregated repressor) is shown above. Due to the noise in the system, 

repressor in amounts <1% of the total would not be detectable by 
кааш The DNA sedimènti to fractions б and 7 in these conditions. 
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Fig. 2 Comparison of repressor bindmg to plasmid 25 and pMB9 DNA A 
crude lysate of minicells was prepared аз described in the legend to Fig. 1. As 
before, the top fraction of the high salt gradient was used as the source of 
repressor. Abquots were mixed with buffer ГУ or buffer IV plus 2 Sug of 
linearmed plannd 25 or pMB9 DNA. and sdyusted to 0.2M NaCl The 
binding mixture was mcubated and run on gracsents as described in Fig 1 
legend. The fractons collected were assayed for proteins and DNA as 
before Tho repressor bend m autorachographs of the acrylamide gels were 
scanned usmg а Joyce, Loeb! densitometer (Chromoscan Mk. IL). The peaks 
were cut out and weighed to determme the amount of repressor in each 
fraction To normalise the amount of repressor m each fraction, samples of 
the bending mixtures before sedunentahon were subjected to electrophoresis 
on 17.5% SDS-polyacrylarmde gels Autorachographs of these gels were 
scanned for the repressor band and the peaks cut out and weighed. The 
amount of герге от m the control was multphed by dilution factors to 
determine the amount of repressor m each binding mm. As an equal amount 
of the repressor preparation was used for each binding mixture, an average 
of the amount of repressor m tbe controls was used to normahse the amount 
of repressor in fractions of the grachents The per cent of the total repressor 
recovered in fractions of gradients with a, repressor alons (8), b, repressor 
plus plazmxi 25 DNA (х), and c, repressor plus pMB9 DNA (A) is shown. 
The vertical arrows mchcate the position of DNA in the gradients. DNA of 
both plasmid 25 and pMB9 was digested with the restriction enzyme Hin di 
(Bethesda Research Labs) which cleaves both DNAs once, making Imear 
molecules. Uncut piasmsd 25 also shows binding of the repressor, however, 
two peaks of bound repressor are detected, corresponding to DNA in the 
monomer and dimer covalently dosed circular forms In these condrbons the 
dimer DNA sediments further down the gradient than the ménomer form. 
ee DM ae ee a LAINE 
Thr, Leu”, Lacy”, MalA™,MtL”,Xy!, Ara’, Gal” „Su A, ton AA", 
Min" › 23°) according to the procedure of Clewell!?. 


repressor found in the top fraction of the gradients did not 
decrease significantly with increasing amounts of DNA (Table 
2). The amount of inactive repressor in any one preparation 
increased with the storage time of minicell preparations before 
use. i 

As shown in Table 2, both the amount of DNA-bound 
repressor and the overall amount of repressor recovered 
increase with increasing concentrations of plasmid 25 DNA, 
except at very high concentrations of DNA. Similarly, more 
repressor was recovered when pMB9 DNA was added to the 
same preparation, than was recovered after sedimenting the 
preparation alone. In this case, however, the repressor was not 
associated with pMB9 DNA, but was spread throughout the 
gradient (Fig. 2). This suggests that the active repressor proteins 
will bind to each other, if not bound to DNA, forming aggregates 
which sediment rapidly in the gradient. Thus, if the repressor 
extract is sedimented without added DNA, much of the active 
repressor goes to the bottom of the gradient. 

This repressor-repressor interaction must be weaker than 
repressor-DNA binding, as any DNA added to the repressor 
scems to inhibit aggregate formation. -As the repressor dis- 
sociates from non-operator-contaming DNA (that is, pMB9) 
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during sedimentation, however, it will begin to form repressor- 
repressor aggregates, and this repressor is detected throughout 
the gradient. Repressor binding to operator-containing DNA 
(plasmid 25 DNA) is tight, so that very little repressor dis- 
sociates from the DNA during sedimentation and no aggre- 
gation of the repressor occurs. This finding is consistent with the 
observation that there is a decrease in the amount of total 
repressor recovered in binding assays carried out at 0.3 M rather 
than 0.1 M NaCl. The decrease in recovery is more dramatic 
with D108 or pMB9 DNA than with Mu or plasmid 25 DNA. 

Further characterisation of the nature of the binding of Mu 
repressor to Mu DNA (and repressor-repressor interaction) 
requires purification of significant amounts of repressor protein. 
This is feasible because large quantities of repressor can be made 
in strains carrying plasmid 25 (or similar recombinant plasmids), 
and crude DNA binding assays (like that described above) allow 
easy detection of active repressor during purification. 

This work was supported by NSF grant PCM 74-0016 А01 
and NIH grant GM 17612-07 to D.Z. Plasmid p5D7 was 
obtained from J. Broach. 
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Surface and inside 
volumes in globular proteins 


MEASUREMENTS of the surface area accessible to solvent 
provide a convenient definition of the surface and the inside 
volumes in proteins of known X-ray structure. The study of the 
accessibility to solvent of amino acid residues in several pro- 
teins’ has confirmed the early observation that polar residues 
are found mostly on the surface and non-polar residues mostly 
inside globular protein structures. But the accessibility shows 
systematic variations with the molecular weight, because of the 
change in surface to volume ratio. Experimental data* indicate 
that the accessible surface area A (in A”) of monomeric globular 
proteins follows the law**: 


A=11.1 M74 (1) 


which implies that the mean accessible surface area per residues 
decreases like М! (where M is molecular weight) with 
increasing M, from about 68 A? for proteins of 6,000 molecular 
weight to 38 A? for proteins of 35,000 molecular weight. Thus, 
the accessibility to solvent is not a characteristic of the amino 
acids. 

We made histograms of the accessible surface areas of resi- 
dues in a sample of 22 proteins, and found that the number np of 
buried residues, defined as having less than a given accessible 
surface area Á m varies with the total number n of residues in the 
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polypeptide chain according to: 
п\п? = (2) 


where k depends only on Am. Completely buried residues (zero 
accessible surface area) are few: 4 in pancreatic trypsin inhibitor 
(58 residues), 40 in carboxypeptidase A (307 residues). Better 
statistics are obtained by choosing A,,=10 to 20 A’, which 
amounts to consider as buried residues which have one or two 
atoms in contact with the solvent. With Am = 20 A’, the average 
value and standard deviation of k are 1.62+0.13. The 
geometrical significance of equation (2) is apparent in Fig. 1: k 
represents the thickness of the surface layer made of residues in 
contact with the solvent. While the hard sphere model of 
globular proteins, first presented by Fisher’, is in formal 
agreement with equations (1) and (2), the fit only implies that the 
gross geometrical properties of globular proteins (surface and 
volume) are those of a set of solid bodies which deviate in similar 
ways from a spherical shape. This is not true of subunits in 
oligomeric proteins: the subunits of tetrameric lactate dehy- 
drogenase^ and glyceraldehyde-3-phosphate dehydrogenase 
have much larger accessible surface areas and fewer buried 
residues than expected from equations (1) and (2). 

Table 1 gives the amino acid composition of our sample of 
buried and accessible residues. The buried residues make up the 
protein inside; 56% are Leu, Ile, Val, Ala, or Gly, another 22% 
are Phe, Ser, Thr or Cys, and 22% are of the 11 other types. The 
protein surface has a much more regular amino acid composition 
than the inside: non-polar residues are by no means absent, even 
though Asn, Asp, Glu, Gin, Lys and Arg constitute 40% of the 
accessible residues. The ratio f of the molar fractions of each 
amino acid in the two samples is of particular interest. It 
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Fig.1 Buried residues in globular proteins. The accessible surface areas of 
individual residues are calculated according to Lee and Richards using a 
computer program of M. Levitt. The atomic coordinates are obtained from 
the Protein Data Bank, Cambridge, UK. The following 22 protein structures 
are used here and in Table 1: insulin, ferredoxin, rubredoxin, pancreatic 
trypsin inhibitor, high potential iron protein, cytochrome bs, parvalbumin, 
cytochrome cz, ribonuclease S, hen lysozyme, staphylococcus nuclease, 
flavodoxin, phage T4 lysozyme, papain, trypsin, concanavalin A, elastase, 
a-chymotrypsin, carbonic anhydrase B, substilisin, carboxypeptidase A, 
thermolysin. The number ng of residues with less than Am = 20 A? of 
accessible surface area is plotted against the total number n of residues in the 
polypeptide chain (open circles), Filled circles represent the subunits of 
lactate dehydrogenase and glyceraldehyde -3-phosphate dehydrogenase. 
The insert represents the protein as made of two concentric spheres, the 
volumes of which are proportional to n and ng; the radii are proportional to 
n! and ny ‚ and therefore k is proportional to the thickness d of the 
surface layer, made of n—ng accessible residues. For the 22 proteins: 
Am=0A*, k 230504 (sd), d -9.6À; Am=10A*, k 220502, d= 
64 Å, Aq = 20 At, к =1.62+0.13, d=5.2 А. The solid line is calculated 
from equation (2) with k = 1.62. 
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Table 1 Amino acid composition of the inside and surface 





Molar fraction Free energy (kcal mol!) 


Residue Buried Accessible f AG, Абу 
Leu 11.7 4.8 2.4 0.5 1.8 
Val 12.9 4.5 2.9 0.6 1.5 
Пе 8.6 2.8 3.1 0.7 
Phe 5.1 2.4 22 0.5 2.5 
Cys 4.1 0.9 4.6 0.9 
Met 1.9 1.0 1.9 0.4 1.3 
Ala 11.2 6.6 17 0.3 0.5 
Gly 11.8 6.7 1.8 0.3 0.0 
Trp 2.2 14 1.6 0.3 3.4 
Ser 8.0 9.4 0.8 -0.1 -0.3 
Thr 4.9 7.0 0.7 -0.2 0.4 
His 2.0 2.5 0.8 =0.1 0.5 
Tyr 2.6 5.1 0.5 -0.4 2.3 
Pro 2.7 4.8 0.6 -0.3 
Asn 2.9 6.7 0.4 -0.5 
Asp 2.9 7.7 0.4 ~0.6 
Gin 1.6 5.2 0.3 -0.7 
Glu 1.8 5.7 0.3 -0.7 
Arg 0.5 4.5 0.1 -14 
Lys 0.5 10.3 0.05 -1.8 


Molar fractions (%) of the 20 amino acids in samples of 2,001 buried residues 
(less than 20 À? accessible surface area) and 3,220 accessible residues (more than 
20 А?); f is the ratio of the buried/accessible molar fractions; AG, = RT In f. AG), 
is the free energy of transfer from an organic solvent to water". Cys residues with a 
free -SH group are few in the sample; our data are more representative of 
substituted -SH groups (disulphides, metal adducts or thioethers). 


represents the partition coefficient of this amino acid between 
the surface and inside volumes. Consequently, AG, = RT In f 
may be taken as the free energy of transfer from the inside to the 
surface. Though the exact value of f depends on the choice of A m 
made in defining buried residues, the effect is small: reducing A m 
from 20 A? to 10 A? changes the free energies by no more than 
their statistical standard deviation of 0.1-0.2 kcal то. Thus f 
and AG, are characteristic of the amino acids in globular pro- 
teins. 

In a protein of n residues, the most probable fraction g of 
buried residues of one type, say valine, is easily calculated from 
the data of Table 1: 


в 


(n-—ng* fns 


g (3) 
where л» is given by equation (2). Thus, the fraction of valines 
which are buried increases from 0.4 to 0.7 when the chain length 
increases from 60 to 300 residues, while it remains less than 0.1 
for lysines. 

Chothia? has noted that the average accessibility of residues in 
proteins is not correlated to the free energies AG, of transfer 
from an organic solvent to water, measured by Nozaki and 
Tanford*. This is seen clearly in Table 1: AG, is governed by the 
presence or absence of oxygen and nitrogen atoms in the side 
chain'?. These polar atoms must find hydrogen bond partners 
when the residue is buried, a stringent requirement except for 
Ser and Thr residues, the hydroxyl group of which can easily 
form a hydrogen bond to adjacent main chain carboxyl groups’. 
Proline appearas as polar; its imino nitrogen cannot participate 
in normal main chain hydrogen bonds and behaves as a part of 
the side chain. 

JOEL JANIN 
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Département de Biochimie et Génétique Microbienne, 
Institut Pasteur, 
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Dimeric association of band 3 

in the erythrocyte 

membrane demonstrated 

by protein diffusion measurements 


BAND 3, a major. constituent of the human erythrocyte 
membrane, comprises a class of membrane-spanning proteins 
which are implicated in anion and possibly other transport 
functions’, Various observations indicate that band 3 proteins 
may exist as dimers in the membrane*’. The most direct indica- 
tion has been obtained from chemical cross-linking experi- 
ments. The band 3 dimer is an early product of various cross- 
linking reactions’, and the particular case of cross-linking by 
oxidative disulphide bridge formation results in almost quan- 
titative dimerisation of band 3 (ref. 8). However, cross-linking 
experiments are in general inconclusive for they do not indicate 
whether a successful cross-linkage reflects a naturally occurring 
stable complex, or is the result of collisions between indepen- 
dent proteins which rapidly diffuse over small distances. In the 
recent elegant studies of Kiehm and Ji’, rapid photochemical 
cross-linking was achieved by photolysing with a millisecond 
flash. Whilst these experiments undoubtedly provide the best 
evidence so far obtained for the existence of the band 3 dimer, 
they still leave some doubts concerning the possibility of 
collision-induced crosslinks. These can only be ruled out if the 
mean time between collisions is shown to be much longer than 
the lifetime of the flash-induced reactive species. The latter time 
was assumed to be short (of the order of 1 ms) on the basis of 
solution studies but was not measured in the experimental 
conditions. The collision frequency is a function of the local 
lateral diffusion coefficient. Band 3 diffusion over distances 
> 1 рт seems to be slow in the erythrocyte membrane'™"', but 
as discussed elsewhere’, this may reflect restrictions to long 
range diffusion and does not rule out the possibility of more 
rapid local diffusion. If the local diffusion coefficient is in the 
range 10^? to 107? cm? s^, the mean time between collisions is 
also of the order of 1 ms (ref. 9). A lateral diffusion coefficient in 
this range is consistent with the rotational diffusion of band 3 
(ref. 12). Here we present a new physical approach to determin- 
ing the self-association of band 3, based on the measurement of 
rotational diffusion. The rotational diffusion coefficient of an 
intrinsic membrane protein is strongly dependent on the 
diameter of its cross-section in the plane of the membrane. We 
show that cross-linking band 3 into dimers produces no observ- 
able decrease in the rotational diffusion coefficient of band 3 in 
the membrane. We therefore conclude that the dimer pre-exists 
in the membrane and is not a product of the cross-linking 
reaction following random collisions. 

In the present experiments, the rotation of band 3 was 
measured by observing the flash-induced transient dichroism of 
a triplet probe, as previously described'^'?, However, band 3 
was labelled with eosin maleimide instead of the eosin iso- 
thiocyanate previously used; essentially similar results are 
obtained with either probe. Dimerisation of band 3 in the 
membrane was achieved by copper-phenanthroline-catalysed 
oxidation of cytoplasmic sulphhydryl residues to form 
disulphide bridges, as described by Steck*. 

Figure 1 shows the result of the cross-linking reaction as 
visualised by SDS-polyacrylamide gel electrophoresis. Band 3 
has disappeared from its normal position in the gel, moving to a 
new band with a molecular weight of approximately 180,000, 
corresponding to the band 3 dimer. This result is identical to that 
reported by Steck?. 

The rotational mobility of band 3 in the cross-linked 
membranes was measured and compared with that of untreated 
controls. The transient dichroism measurements were analysed 
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Fig. 1 Dimerisation of band 3 by ox dative disulphide bridge 
formation. Intact human erythrocytes were labelled with eosin-5- 
maleimide as described previously for other eosin 
derivatives! ^?-?, except that incubation was for 1h at room 
temperature. These conditions yield approximately 1 molecule of 
bound eosin per band 3 monomer. Chosts were prepared by 
hypotonic lysis’? and given a final wash in 5 mM sodium phosphate, 
pH 8.0. They were allowed to react for 1 h at room temperature 
with one volume of o-phenanthroline (200 4M) and copper 
sulphate (40 uM) іп the same buffer. Thereaction was ended by the 
addition of 30 volumes 1 mM EDTA and 5 mM sodium phosphate, 
pH 8.0, and by a further wash in 5 mM sedium phosphate, pH 7.4. 
The control sample was subjected to the same procedures but 
without the addition of the copper-phenanthrolin reagent. Ghosts 
were then dissolved for electrophoresis end run on cylindrical 4% 
polyacrylamide gels іп 0.2% SDS as described by Steck, 3 and (3); 
denote the positions of the band 3 moromer and dimer, respec- 
tively. Gel a, control; gel 5, cross-linked ghosts. 


by calculating the absorption anisotropy r(t) given by 


E А1) -А (t) 
At) +2А (t) 


where A,(t) and А, (t) are, respectively, the absorbance changes 
at time t after the flash for light polarised parallel and perpendi- 
cular with respect to the polarisation of the exciting flash. Figure 
2 shows the time dependence of r for dimerised and untreated 
band 3. It is clear that the shapes of the two curves are virtually 
identical. 

As discussed elsewhere ^'^, the predicted form of r(t) for a 
protein which rotates only about the azis normal to the plane of 
the membrane is 


r(t)= A, exp (~Dyt) + As exo (-4.Dyt) + A; (2) 
where D, is the rotational diffusion coefficient and А,, Az, As 


are constants. To make a quantitative comparison of the cross- 
linked and control samples, we made a least-mean-square fit of 


r(t) (1) 


12.14 
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Fig. 2 Time dependence of the absorption anisotropy for 
untreated and cross-linked erythrocyte membranes. Flash-induced 
transient dichroism of the eosin probe was measured using a flash 
photolysis apparatus which is described in detail elsewhere”. The 
sample was excited at 540 nm by a linearly polarised flash of 
.duration 1-2 ps. Absorbance arising from ground state 
depletion were measured at 520nm. Upper curve, untreated 
control; lower curve, cross-linked as described in the legend to Fig. 
1. Experimental points were obtained by averaging 32 signals. The 
solid lines were obtained by fitting the data to equation (2). For 
illustrative purposes the two curves have been 


37°C in 5 mM phosphate buffer, pH 7.4, under argon. 


the data to equation (2). In this way we obtain Dj* 
1,296::99 $^! and 1,492:-202 s^! for the control and cross- 
linked membranes, respectively. ' 

If we regard band 3 ав a cylinder of radius а immersed to а 


depth A in the membrane, then the coefficient for rotational І 


diffusion about the membrane normal is given by? 
Di (kT)/ (4a? hn) (3) 


where +} is the membrane viscosity. Thus, the rotational 
diffusion coefficient depends on the square of the radius of the 
rotating species. Assuming that dimerisation increases the 
radius of the particle by a factor of 1.5-2, we thus expect a two- 
to fourfold difference in Ру between the monomer and the 
dimer. As we fail to observe any decrease in Ру following 
cross-linking, we conclude that the band 3 dimer exists as a 
stable complex in the erythrocyte membrane independent of 
chemical cross-linking. 

A possible objection to this conclusion is that the cytoplasmic 
portion of band 3 on which the reactive SH-group is located'* ‚18 
attached by a flexible linkage to the major part of the protein 
whoee rotation we observe. Hence, cross-linking in this position 
might not change the rotation of band 3 monomers. However,. 
Ross and McConnell have reported" that a spin label bound to 
the same SH-group is ‘immobilised’ (on the conventional elec- 
tron spin resonance time scale). This strongly suggests that the. 
cytoplasmic fragment is rigidly attached to the bulk of the 
protein and is not an independently rotating entity. 

It should also be pointed out that cross-sectional shapes of 


band 3 could in principle be devised which would considerably - 


reduce the expected change in Dy on association of monomers 
into dimers. Because we could detect a change in radius with 
cross-linking as small as 15%, we consider this a rather improb- 
able explanation of our data. Taken together with the earlier 


chemical studies, there can be little doubt that band 3 does exist, | 


as a stable dimer within the human erythrocyte ghdust, 
membrane. However, further association of band 3 dimers 
among themselves or with other integral membrane proteins 
such as the major sialoglycoprotein are not ruled out. 

The functional significance of the band 3 dimer is unclear. As 
the major part of band 3 is the anion transport system'*"*, it is 
tempting to speculate that the anion channel is formed at the 
interface between the two subunits of the dimer. However, 
inhibition studies with disulphonic acid stilbene inhibitors’ and 
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eosin maleimide!? show that about one inhibitor bound per band 
3 monomer is required for total inhibition of anion transport. 
This suggests that there are two anion binding sites per channel, 
if there is only one channel per band 3 dimer. Alternatively, one 
half of the inhibitor molecules could be bound to nonspecific 
sites on the protein. 

Thus, the experiments reported here demonstrate how rota- 
tional diffusion measurements can be used to detect stable 
oligomeric complexes of proteins within biological membranes. 
We antitipate that the approach may be extended to other 
membrane proteins, for example, the (Mg^*, Ca?*)ATPase of 
the sarcoplasmic reticulum,. where the possibility of self-asso- 
ciation is now under consideration™™*', 

We thank the Swiss NSF for financial support. 
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matters arising 





Coesite and stishovite in the 
Vredefort, South Africa 


RECENTLY I have been involved in 
tectonophysical research in the Wit- 
watersrand collar sequence of the 
Vredefort dome, concentrating on 
microfabric studies in the collar quartzites 
with particular reference to the shock 
metamorphic microstructures found in 
some of these rocks. These shock micro- 
structures include planar features, crys- 
tallographically controlled cleavage, 
crystallographically controlled faults and 
mosaic extinction. Other microstructures 
include extreme undulose extinction and 
deformation bands. 

Planar features are the most widely 
accepted indicators of shock deformation 
and in the Vredefort collar quartzites they 
occur as decorated, planar discontinuities 
parallel to crystallographic planes in the 
quartz. The crystallographic orientation 
of planar features can be used to estimate 
the magnitude of shock pressures 
sustained by the rock sample’, and has 
been used with considerable success at the 
Charlevoix and Slate Islands structures?^?. 
The technique involves measuring the 
orientation of planar features in 20 to 30 
grains in a sample, classifying each grain 
on the basis of its planar feature content’, 
and assigning to each a pressure value 
calculated from experimental data??. The 
shock pressure in the rock is then cal- 
culated as the mean of shock pressures in 
individual grains. 

Samples from the Witwatersrand collar 
(Fig. 1) have been used in the type of 
analysis described above. Shock estimates 
range from 59 to 148 kbar. A diagram 
showing estimated shock pressure as a 
function of distance from the core-collar 
contact is shown in Fig. 2 in which the 





curve of best fit is nonlinear and given by 
P47145.47D ?? 


where P, is the estimated shock pressure 
and D is the distance from the core-collar 
contact. There is a strongly evident 
decrease in shock pressure away from the 
contact. 

Many of the shock microstructures in 
the Lower Witwatersrand quartzites, 
however, have been recovered and 
recrystallised. The amount of recrystal- 
lisation increases towards the core, from 
minor recrystallisation away from the core 
(in which minor amounts of new quartz 
occur along planar features and grain 
boundaries) through major recrystallisa- 
tion (where a large percentage of the rock 
is recrystallised with only relict primary 
grains), so that the Hospital Hill quartzites 
are completely recrystallised. Minor 
recrystallisation extends to the outermost 
quartzites of the collar. Major recrystal- 
lisation, however, occurs in a zone* which 
has the same shape as, but is not as exten- 
sive as, the limit of contact metamorphism 
in the collar (which is shown in Fig. 1), so 
that it is probable that recrystallisation in 
the quartzites is a result of the thermal 
metamorphism which produced the 
contact metamorphic metapelites in the 
collar. 

Stóffler? has demonstrated that after 
their formation, coesite and stishovite are 
metastable and susceptible to reversion 
during thermal metamorphism. Certainly 
one would expect that large amounts of 
high pressure quartz polymorphs would 
be found in the lowermost Witwatersrand 
rocks (those closest to the core) since this 
is where the shock pressures are greatest 
(Fig. 2). However, as Martini has shown, 
none are found; samples from the Hospi- 
tal Hill quartzite examined by Martini 
(those from Marra 395, Fig. 1 and Vlak- 


a intrusive rocks 


E3 Karroo Supergroup 
Transvaal Supergroup 
[v] Ventersdorp Supergroup 
LJ Witwatersrand System 
(collar) 


[=] Archaean gneisses 
{core} 





Fig. 1 A simplified geological map of the Vredefort dome (modified after Bischoff?) showing the limit of 

metamorphism in the collar (LCM)” and the localities of samples used in the shock pressure analysis (dots). The 

approximate localities of farms on which Martini’ took samples are shown as triangles where W is Weltevrede 

167, O is Ospan 238, M is Marra 395 and N is Nooitgedacht 508. The towns of Parys (P) and Vredefort (Vr) are 
also shown. 
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Fig. 2 A plot of estimated shock pressure 

(Pen) against distance from the core-collar 

contact (D) for samples from the Vredefort 
collar sequence. 


spruit 1180, which is off Fig. 1 to the 
south-west) are barren. However, Martini 
did find coesite and stishovite at Welte- 
vrede 167 and coesite at Ospan 238 which 
are high up in the Witwatersrand 
sequence (Fig. 1). 

Isuggest, therefore, that no polymorphs 
are found in the lowermost collar rocks 
because they were affected by the post- 
shock, metamorphic overprint. Only 
those rocks not strongly affected by 
metamorphism and/or recrystallisation 
(that is, the rocks further from the core) 
would retain their high pressure poly- 
morphs of quartz. 

The sample which Martini took on 
Nooitgedacht 508 (Fig. 1) is, however, 
barren. This is well outside the thermal 
aureole and does not fit comfortably into 
the model outlined above. My sample 
from Nooitgedacht 508 (sample 9, Fig. 1) 
shows evidence of minor amounts of 
recrystallisation along planar features; 
this indicates that these rocks were very 
slightly affected by the metamorphism. 
This may account for the lack of high 
pressure minerals in these rocks. 

This work was supported by the CSIR 
and the South African National Geody- 
namics Project. | 
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MARTINI REPLIES—The  microfabric 
investigations conducted by Lilly are of 
great interest as they not only confirm the 
very high pressure conditions having 
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characterised the Vredefort Dome event, - 


but also give a geographical distribution of 
these conditions. However, the number of 
samples analysed for coesite and stisho- 
vite is statistically not representative and 
at this stage it is not possible to demon- 
strate any clear field relationship between 
the distribution of high-pressure silica 
polymorphs and the extent of Lilly's 
metamorphic zone. On theoretical 
grounds, I agree that metamorphism must 
account at least in part for the absence of 
these minerals, but a much more detailed 
investigation is needed to clarify this 
aspect. Other factors may be also respon- 
sible for the absence of coesite and 
stishovite. 

The post-shock metamorphism 
described by Lilly results probably from 
the high temperature of the rocks 
immediately before impact. Dve to the 
great magnitude of this event, deep 
portions of the continental crust must 
have been shattered, at depths where 
temperatures attained several hundred 
degrees. In the Vredefort Dome these 
deep portions are represented by the 
lower part of the Witwatersrand Super- 
group and by the granitic core, that is 
those rocks in which the post-shock 
metamorphism is developed. 

After the quick uplift which occurred 
immediately after impact, rocks brought 


very close to the surface cooled down 
rapidly. This part is now eroded. In 
contrast, rocks which remained at a depth 
of several hundred metres or more, which 
presumably constitute the present-day 
outcrops, remained warm long enough to 
allow for the recrystallisation of shock 
metamorphism textures and reversal of 
coesite and stishovite into quartz. This 
probably explains the  post-shock 
metamorphism, which in fact has been 
initiated before the impact. 


J. E. J. MARTINI 


Geological Survey, Private Bag X112, 
Pretoria 0001, South Africa 


Expected shapes of asteroids 


FUJIWARA et al.' have demonstrated 
experimentally that random breakage of 
basalt blocks to simulate asteroid forma- 
tion produces a predominance of what the 
sedimentary  petrologists call blade- 
shaped fragments; rod-like and sphere- 
like fragments tended not to be produced. 
These results agree well with a theoretical 
analysis’ of the random breakage situa- 
tion in which very simple: probabilistic 
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. methods were used to estimate the 


formation of the four basic Zingg shapes 
(disks, spheres, blades and rods). It was 
proposed that, with an attainable 1096 
accuracy of dimensional resolution, 
random breakage of an isotropic rock 
material would yield 72% blade shapes, 
27% tetragonal shapes (rods and disks) 
and 1% equiaxed shapes (spheres). The 
sphere value agrees well with the Fujiwara 
et al. results but the theoretical estimation 
did not allow rods and disks to be 
separated. It is possible that the experi- 
ments’ produced several disk particles 
which were judged to be blades. In some 
earlier experiments Drake? examined 
various rock types; basalts and other 
aphanitic rocks produced approximately 
the same number of spheres as predicted 
by the theory but the number of blades 
was greater, at the expense of rods and 
disks; as Fujiwara et al. have also found. 
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Major environmental controversy 


The Ozone War. By L. Dotto and H. 
Schiff. Pp. 342. (Doubleday: New York, 
1978.) $10. 





THE most interesting environmental con- 
troversy in recent years has surrounded 
the potential effects of supersonic aircraft 
and of chlorofluoromethanes (CFMs) on 
the stratospheric ozone which protects the 
Earth's surface from harmful ultraviolet 
light. Although the basic mechanism by 
which oxygen is converted into ozone had 
been propounded in 1930 by Chapman, 
the atmosphere had become so much a 
preserve of meteorologists and atmos- 
pheric physicists that, forty years later 
when it was suggested that the nitrogen 
oxides in the exhausts from supersonic 
aircraft would deplete the ozone layer, 
no-one knew what the natural amoun's 
of nitrogen oxides in the ozone layer 
were. 

In such circumstances, it is hardly sur- 
prising that projected fleets of 500 super- 
sonic planes were predicted to produce 
large depletions of ozone, and that the 
major Climatic Impact Assessment Pro- 
gram (CIAP) was established in the United 
States. When CIAP's report appeared 
in 1975, the problem had largely dis- 
appeared because of the paucity of super- 
sonic aircraft and better knowledge of 
the problem. By now, Molina and 
Rowland’s paper (Nature, 249, 810; 
1974) had switched attention to the 
CFMs, particularly F-11 (CFCl;) and 
F-12 (CF;Cl;) which are extensively used 
as aerosol propellants, refrigerants and 
foam-blowing agents. The great stability 
of these compounds ensures that they are 
eventually transported up to the strato- 
sphere where their decomposition pro- 
ducts will remove ozone. Because the 
predicted ozone depletions increase slowly 
to a maximum over a period of 50-100 
yr, they would be very hard to detect 
against the short-term fluctuations in 
ozone cover; the argument therefore 
revolved around modelling calculations. 
To the thriving and vocal industries in- 
volved, ‘theory’ and ‘hypothesis’ rapidly 
became pejorative words, although re- 
search was soon financed. US Govern- 
ment agencies battled briefly for the ‘lead’ 
role. Many scientists joined the band- 
wagon and the Congressional Record 
sometimes provided rapid publication for 
unrefereed work. The public were often 
confused by contradictory news stories, 
and (although it is customary to blame 





the press for seeking scare stories) some 
scientists provided them willingly, others 
unwittingly through the difficulty of ex- 
plaining a complex problem clearly. 

This book gives a fascinating insight 
into the people and organisations who 
became involved in these controversies. 
To those accustomed to the more 
phlegmatic debate of such issues in this 
country The Ozone War may sound an 
exaggerated title, but many of the parti- 
cipants saw themselves as crusaders 
against the lack of action or the over- 
reaction by Environmentalists, Industry 
or Government Agencies, with Congres- 
sional Hearings providing a natural 
sounding board. 

The debate calmed down when the 
National Academy of Sciences (for once 
not described as ‘prestigious’ in a North 
American publication) appointed a panel 
to examine the CFM problem. Their 
report in 1976 concluded that release of 
Е-11 and F-12 at the 1973 rates would 
eventually produce an ozone depletion of 
7% with uncertainty limits from 220°. 
Predictably, some saw the upper limit as 
a cause for immediate action and others 
saw the lower limit as a reason for delay- 
ing action. Surprisingly, the latter have 
taken heart from recent discoveries 
which have reduced estimates of ozone 
depletion by supersonic aircraft and by 
increased use of nitrogenous fertilizers, 
despite the concomitant increases in the 
predicted effects of CFMs. 

Surprisingly, there has been no debate 
on what would be an acceptable ozone 
depletion, and the potential effects of 
ozone depletion have received much less 
attention. A 10% decrease in ozone 
would increase damaging ultraviolet light 
by about 20%, probably causing a 
similar increase in skin cancer. However, 
such diseases are only responsible for 
about 1% of cancer deaths, although the 
figure is increasing rapidly because of the 


fashion for suntans in recent, years. Is 
excessive sunbathing a health hazard or 
should we be more concerned about the 
considerable effect of increased ultra- 
violet light on phytoplankton? Will ozone 
depletion affect atmospheric circulation 
and therefore the climate? Here the 
answer is that it is probably less than that 
due to the increased carbon dioxide from 
burning fossil fuels. 

Basically, the aerosol spray provides an 
easy target for the environmentalist, 
whereas the other uses of F-11 and F-12 
in air conditioners, in insulating foam 
and in refrigerators require a more careful 
cost-benefit analysis. Another interesting 
point to be considered is how far different 
nations can agree about what is a global 
problem, as the effects of these com- 
pounds are quite independent of where 
on the Earth's surface they are released. 

The history of how. the vital processes 
in atmospheric chemistry were dis- 
covered and the rush to join the band- 
wagon are reminiscent of The Double 
Helix but with a much larger cast and 
broader setting in which Industry, 
Government Agencies and individual 
scientists strive to protect their own 
interests. The principal events and charac- 
ters are well described and although one 
protagonist may not be pleased to see the 
first measurement of the rate of an 
important reaction attributed to another, 
the authors are to be congratulated on 
producing a highly readable and accurate 
account of how a major environmental 
controversy evolved in the United States, 
There are lessons here for all, partic- 
ularly for those who wish to know how 
newspapers can come to publish contra- 
dictory or dogmatic reports about an 
unresolved issue. N 





B. A. Thrush is Professor of Physical 
Chemistry at the University of Cambridge, 
UK. 





Plant-parasitic nematodes 





Ecology of Plant-Parasitic Nematodes. 
By D. C. Norton. Pp. 268. (Wiley: New 
York and Chichester, UK, 1978.) 
£16.95. 

Tuis book is an introductory account 
of plant-parasitic nematodes in relation 
to their environment. It is not an up- 
dated version of Wallace’s book 





Nematode Ecology and Plan: Disease, 
as the author tackles the subject from, 
what he terms, a broad ecological view- 
point. Emphasis is placed on the effects 
of the environment rather than on the 
disease aspect, and discussions on 
nematode damage to plants are largely 
omitted. 

The. first five chapters cover aspects 
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of nematode distribution, dispersal, 
habitats, groupings and communities, 
and population change. These include 
some interesting, but all too brief, dis- 
cussions on the origins and recent past 
of nematodes, clustering, their means 
of dissemination, and some methods of 
analysing nematode communities and 
populations. It is well accepted that 
parasitic nematodes are always found 
associated with all forms of plant life; 
and, under the heading of habitats, the 
author mentions their associations with 
fungi, algae, lichens, mosses and higher 
plants. An introduction to population 
changes is presented in which seasonal 
changes, growth patterns, r and & selec- 
tion, and sex ratios are discussed. 

In the following two chapters the 
author deals with the soil environment: 
in the first of these, he discusses basic 
soil principles referring frequently to 
the  interrelationships between soil 
factors; and in the second, he discusses 
the effects of physical and chemical soil 
changes on the nematodes, the section 
on effects of soil fertility is of particular 
interest to plant nematologists. The 
remainder of the book is concerned 
with survival, biological control, and 
interactions between nematodes and 
with other organisms. The final chapter 
is a disappointingly short account of the 
effects of agricultural practices оп 


nematode populations, although the 
author acknowledges that the influence 
of cultural practices on nematodes has 
not received the attention it deserves. 

There are errors throughout the 
book which could have been avoided— 
for example, the use of some defunct 
nematode nomenclature. Dr Norton 
has summarised much of the relevant 
literature in tabular form rather than 
discussing it in the text; even so these 
lists are not exhaustive. Most of the 
literature cited and the majority of the 
discussions relate to the ecology of 
nematodes in the United States. 
Although these are often relevant to 
work elsewhere, the book seems to have 
been written with the North American 
market in mind. 

It is a useful introductory book to 
plant nematode ecology in which the 
author has brought together informa- 
tion from ecological disciplines relating 
to nematodes under one cover. Some 
interesting ideas are introduced, but it 
is not a sufficiently in-depth, critical or 
comprehensive study of the subject to 
entirely satisfy the needs of the pro- 
fessional nematologist. John Bridge 





John Bridge is Overseas Plant Nemat- 
ology Liaison Officer for the Ministry of 
Overseas Development and a Research 
Fellow at Imperial College, University of 
London, UK. 





Search for 
psychological 
reality 


Linguistic Theory and Psychological 
Reaiity. By M. Halle, J. Bresnan and 
G. A. Miller. Pp.329. (MIT Press: 
Cambridge, Massachusetts, and Lon- 
don, 1978.) £12,25; $17.50. 





on again. Last time the psychologists 
did the searching with the new toys 
they did not understand; this time it 
is the linguists (at least in approach) 
who are doing the searching and 
get the reviewer very confused in 
the process. It is a book without 
Chomsky, but with his bust on the 
mantlepiece, in which we start with 
the acceptance that linguistics is a 
branch of psychology but come away 
with the feeling that they mean that 
Psychology is a branch of linguistics. 
Linguists and psychologists talk to- 
gether; they write chapters which refer 
to each other (good editorial work 
here) but to scarcely anyone else. 

We start with a chapter by Bresnan 
on “A realistic transformational gram- 
mar”. The largest part of this is 
devoted to a beautiful linguistic de- 
monstration of how some facts which 
used to be handled by transformations 


are now handled in the lexicon. The 
linguistics is generally judged among 
the best being produced currently and 
is very convincing. The ‘realistic’ in 
the title is introduced early. She makes 
the explicit claim that if a grammar is 
"to represent the knowledge of the 
language user in any psychologically 
interesting way" then all the gramma- 
tical rules must be realisable in a psy- 
chological model. If this is a serious 
claim then one might think that the 
best strategy would be to focus first on 
the types of constraint that psychology 
might impose. Instead we get the im- 
pression that the psychology is an 
afterthought. A hand reaches out 
languidly to pluck out a single piece 
of supporting data or intuition but no 
more. Thus Bresnan gives us reasons 
for arriving at passive and short passive 
forms directly instead of bv means 
of transformations. At the end she 
notes that one of the other contributors 
to the volume reports that short pas- 
sives (for example. the dog was bitten) 
was acquired before full passives by 
children. The tone of voice is almost 
congratulatory—how sensible of the 
children to realise the correct deriva- 
tion! Such use of psychological evi- 
dence permeates the book. 

Wanner and Maratsos give an exam- 
ple of a different kind of model 
an Augmented Transition Network 
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(ATN). One of their aims is to parse 
sentences without recourse to transfor- 
mations. Strangely, then, we are also 
told several times that these parsers 
"are not incompatible with a trans- 
formational model of language". Re- 
membering that Bresnan still found 
transformations necessary, this is re- 
assurring. However, if Brenan's gram- 
mar is psychologically realistic and the 
ATN's have psychological reality 
doesn't the latter have to be the 
realisation of the former? 

The lexical side of language is no 
better handled except in a little piece 
on “The child as a word learner" by 
Susan Carey. In this she exposes the 
magnitude of the task of pairing thou- 
sands of words with their meanings in 
a few years. No answers, but a hint 
of the psychological questions. George 
Miller has a chapter on the semantic 
relations among words. This is a deve- 
lopment of the ideas he put forward 
with Johnson-Laird in Language and 
Perception (reviewed in Nature; 264, 
124, 1976). Miller makes some tight 
formal points but his thinking doesn't 
make as close a contact with psycholo- 
gical issues as the earlier work. Still. 
this is better than Jackendorf who, like 
Miller, wants to claim that semantics 
must derive from a general theory of 
conceptual structures. This seems a 
saner view of universality than one 
which bases it exclusively on language, 
but Jackendorf effectively turns the 
relationship around by using linguistic 
analysis to derive the semantic system 
from which the cognitive universals 
should emerge. The effectiveness of his 
argument may be judged from a non- 
linguistic parallel which he describes— 
"the ability of a dancer to create ap- 
propriate dances for given тийс... 
in such a way that there is substantial 
interpersonal agreement on how 
appropriate the translation is." There 
must be generalisations which mediate 
the "complex and subtle" expression 
"determined at least in part along lines 
laid down by the nature of the organ- 
ism." (Q.E.D.). 

This kind of nativism gets another 
airing by Halle in a discussion of pho- 
nology where a 1971 result of Eimas 
is cited in support of innate mech- 
anisms of speech analysis. Half-a-dozen 
or more recent refutations of this view 
have apparently gone  unremarked 
(see, for example a chapter by Mehler 
in Psycholinguistics, series 2, ed. Mor- 
ton and Marshall; Elek, 1979). There 
is a lot of intelligence in this book 
overall and a review by a linguist might 
give a much more positive impression 
but the and in the title is disjunctive. 

John Morton 





John Morton is on the scientific staff at 
the MRC Applied Psychology Unit, 
Cambridge, UK. 
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Haematological 


overkill 


The Year in Hematology, 1978. Edited 
by R. Silber, J. LoBue and A. S. 
Gordon. Pp. 517. (Plenum Medical: 
New York and London, 1978.) 





ALL the signs are that we are entering 
a state of literary polycythaemia. For 
non-clinical readers this means that 
current scientific writing is suffering 
from a pathological excess of blood. 
As well as the increasing number of 
textbooks and monographs on the Sub- 
ject and a rapidly proliferating series 
of haematology journals, many of 
which carry review articles, there are 
regular review series such as Clinics in 

., Recent Advances in..., Topics 
in..., Seminars in..., Progress in 
..., and many more, all offering minor 
variations on the same theme. Added 
to all this the general scientific and 
medical journals are giving a consider- 
able amount of space to articles on 
haematological topics, and nearly 
every international meeting on the sub- 
ject now insists that authors prepare 
manuscripts for a published account of 
the proceedings. Presumably somebody 
reads all these reviews and the publish- 
ing houses and the Inland (and 
Internal) Revenues (if not the authors) 
are waxing rich. However, as blood 
letting rather than transfusion is the 
more logical approach to the treatment 
of polycythaemia, surely the appear- 
ance of yet another review series in 
this field must raise serious questions 
about the value of all this repetitive 
writing. 

The Year in Hematology first 
appeared in 1977 and on the jacket of 
the 1978 edition the series is described 
as offering “а comprehensive overview 
of the latest findings and trends that 
have occurred during the last year, 
critically appraising the most recent 
observations of normal and abnormal 
function in the hemopoietic system". 
A glance at the list of references at the 
end of each chapter and of their con- 
tents indicates that it does no such 
thing. In fact, this is yet another col- 
lection of review articles. 

Because of this plethora of activity 
the editors of new haematological 
review series must exercise considerable 
ingenuity in finding topics which have 
not been covered many times in the 
previous year or two. In fact, there are 
one or two subjects which appear in 
this edition of The Year in Hematology 
which fall into this category, although 
not many. For example, the interesting 
chapters on the regulation of the 
egress of bone marrow cells, thymosin, 
and the effects of anti-cancer agents on 
haemopoietic progenitors deal with 
areas which have not been over- 


exposed recently. On the other hand 
haemoglobin switching, cytogenetic 
studies in leukaemia, leukaemia anti- 
gens, and recent advances in the treat- 
ment of Hodgkin’s disease and non- 
Hodgkin’s lymphoma have all figured 
with monotonous regularity. 

With a few exceptions the subjects 
covered in the 1978 Year in Hema- 
tology are dealt with thoroughly, 
referenced adequately and presented 
clearly. The book is well produced and 
illustrated. Perhaps it is unfair to judge 
this series after only two editions but 
the editors are certainly going to have 


Green crop 
fractionation 


Leaf Protein and Other Aspects of 
Fodder Fractionation. By N. W. Pirie. 
Pp. 183. (Cambridge University Press : 
Cambridge and London, 1978.) £8. 





IMPROVED systems of crop production 
and utilisation attract world-wide atten- 
tion. The technique of fractionation to 
produce high quality foods for humans 
and simultaneously feeds for farm live- 
stock from fibrous green crops comes 
into this category. For approaching half 
a century N. W. Pirie has inspired, with 
his determination and enthusiasm, 
much research in both the developing 
and more developed regions of the 
world. Students, teachers, scientists and 
others with a devotion to improving 
food production, including those with 
particular interests in fractionation, 
would do well to read the book and to 
absorb the vast amount of investiga- 
tion which has already taken place. 

Leaf protein is potentially a most 
abundant source of protein with a good 
nutritive value, and temperate and 
tropical flora examined as sources of 
extractable protein are numerous. The 
separation and preparation of good 
fractionation products is well docu- 
mented and these can be stored safely 
to prevent deterioration. A vast amount 
of qualitative information is already 
available from the scientific literature 
and the need now is for more quanti- 
tative data: crop and machines used 
must be thoroughly defined so that the 
end-products cease to be mysterious. 
The main challenge now is to assess 
when the exciting technical potential 
can be harnessed to provide worthwhile 
practical systems. 

N. W. Pirie has always been inter- 
ested in the less developed areas of the 
world and already there is evidence of 
sub-tropical villagers using leaf protein 
as food. The expansion of this type of 
work needs a missionary approach and 
substantial financial support to act as 
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to use all their imagination to really 
justify the existence of yet another 
review series in a field in which the 
number of 'overviews' seems to be in 
danger of exceeding the number of 
original articles which are available to 
be reviewed. Indeed, the horrid neo- 
logism ‘overview’ seems to be in real 
danger of taking on a rather different 
meaning to that which its inventors 
had in mind! 

D. J. Weatherall 





D. J. Weatherall is Nuffield Professor of 
Clinical Medicine at the University of 
Oxford, UK. 








the catalyst. Adoption of the technique 
has been slow. At the present time a 
greater interest seems to exist for ex- 
ploiting the fractionation technique on 
a factory scale to produce leaf protein 
more as a source of pigment for 
poultry rations than as a source of pro- 
tein. Some units already exist in Europe 
and North America and a modest 
expansion of this use of the technique 
is likely to occur around the world. 
Whether as a ‘village’ or a ‘factory’ 
operation the prospects for fractiona- 
tion need discussion and debate. 
Further research is also required and 
a number of proposals are made in the 
chapters of this book. 

Greater attention should be directed 
to improving the efficiency of green 
crop production апі utilisation. 
Although it is technically possible by 
fractionation to produce leaf protein, 
We must not lose sight of the fact that 
some 8095 of the harvested dry matter 
is best suited for ruminant consump- 
tion and certainly cannot be discarded. 
In many ways the use of fibrous green 
crops for human foods is exciting but 
there is a necessary balance between 
this and ruminant feeding. 

Two centuries after the death of 
Hilaire Marin Rouelle. who published 
the first scientific papers on leaf pro- 
tein, the world is certainly no less 
dependent on the politicians and the 
economic climates they create and 
foster. Progress has been made in 
green crop fractionation and the pros- 
pects are tantalising ecpecially if scien- 
tists in the wake of N. W. Pirie can 
help the necessary biochemical 
engineering to take place and develop 
reliable systems robust enough to be 
profitable compared with alternatives 
irrespective of the scale and objectives 
of the operation. Investigation of the 
future prospects of green crop frac- 
tionation deserves support and the 
book is a timely publication. 

3. Commeli 





J. Connell is Principal Scientific Officer at 
the National Institute for Research in 
Dairying, Shinfield, UK. 
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Gregory Rift Valley 
and early man 


Geological Background to Fossil Man. 
Recent Research in the Gregory Rift 
Valley, East Africa. Edited by the late 
W. W. Bishop. (Scottish Academic 
Press: Edinburgh, 1978.) £25. 





Tue subtitle of this book is important, 
but it needs some explaining. The 
Gregory Rift Valley, for the benefit of 
non-geologists, is part of the great East 
African Rift—the system of valleys 
bounded by faults that extends south- 
wards from the Red Sea for a distance 
of some 3,000km. The section of this 
system known as the Gregory Rift, if 
one is to be precise, runs only for 
about 450km from the bottom end 
of Lake Turkana in northern Kenya 
to the Lake Natron and Ngorongoro 
areas in northern Tanzania. But for the 
purposes of this book, the Gregory 
Rift has been interpreted more widely 
to include the northwards extension of 
the Rift—otherwise called the Ethio- 
pian Rift—to the Afar in northern 
Ethiopia. The important early man 
Sites at Hadar, and those in the Ото 
Valley and east of Lake Turkana thus 
come within the book's scope. 

By geological accident, the Gregory 
Rift Valley-—in both narrow and wide 
senses—is a field laboratory perhaps 
without equal for palaeontological and 
archaeological studies of early man as 
well as for investigating the structural. 
volcanic and geophysical aspects of 
rift systems. It was therefore a good 
idea of the late W. W. (Bill) Bishop's 
to organise in February 1975 a meet- 
ing at the Geological Society of Lon- 
don of many of the geologists and 
others who had worked or were still 
working in different parts of this great 
valley. This book—a collection of 35 
papers—is the outcome. Not all the 
contributions are geological, but all in 
one way or another add to knowledge 
of the development of the Gregory 
Rift Valley and the environment of 
early man at different times in this 
part of East Africa. 

A major part of the book is about 
the geology and palaeontology of the 
Baringo Basin. This was the area in 
which Bishop, and also Basil C. King 
—Director of the East African Geolo- 
gical Research Unit and Bishop's Pro- 
fessor for a period—devoted much of 
their own and their students’ time be- 
tween the mid-1960s and mid-1970s, Tt 
is a loss to science that with Bishop's 
tragically early death in 1977 and 
King's retirement from the chair of 
geology at Bedford Colege. London, 
systematic geological and palaeontolo- 
gical surveying in the Baringo area 


has almost ceased, although an archae- 
ological project at Chesowanja does 
continue. 

As events have turned out, the book 
has become a memorial tribute to 
Bishop's geological work in East Africa. 
It is therefore a pity that the volume 
is not all that it might have been. 
Bishop unfortunately died before he 
had completed the introduction to the 
three main parts and also the sum- 
ming-up, so the book lacks these sec- 
tions—though this is not the pub- 
lisher’s fault. I was, however, sorry 
to see so many typographical errors 
and minor editorial inconsistencies for 
which the publisher should take re- 
sponsibility. These are understandable 
in the circumstances, but are to be 
regretted nonetheless. I should also 
mention that 'recent' in the subtitle 
means no later than 1975-76. 

Geological Background to Fossil 
Man remains, however, a useful record 
of research in the Gregory Rift Valley 
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and is especially valuable for the many 
geological maps and sections it con- 
tains. A special feature, and one that 
is rare these days, is the inclusion of 
a 1:10,000 coloured, foldout geolo- 
gical map of the area around Olor- 
gesailie Prehistoric Site in Kenya. This 
map was prepared in 1946 by Robert 
M. Shackleton for the First Panafrican 
Congress of Prehistory in Nairobi but 
money was not available then for its 
publication. For this edition, grants 
towards the cost of publication have 
come from the Royal Society and the 
L. S. B. Leakey Foundation. The 
names of the stratigraphical units have 
been updated and the map was 
specially redrawn by Barbara Isaac. It 
accompanies a detailed account by 
Glynn LI. Isaac of the geology of the 
Olorgesailie Formation. Sarah Bunney 





Sarah Bunney was recently Editor at The 
International Louis Leakey Memorial 
Institute for African Prehistory in Nairobi, 
Kenya. 





Ion-selective 
electrodes 


Analysis with Ion-Selective Electrodes. 
By J. Vesely, D. Weiss and K. Stulik. 
Pp.243. (Wiley: New York, London arid 
Sydney, 1978.) £16. 





Tur Ellis Horwood Series in Analyti- 
cal Chemistry under the guidance of 
Dr R. A. Chalmers (Editor of Talanta) 
and Dr Mary Masson, of the University 
of Aberdeen, will be useful both to 
professional analysts, working in in- 
dustry and the public services, and 
those few who teach analytical chemis- 
try as a specialist subject in universities 
and polytechnics. 

This volume is concerned with the 
applications of ion-selective electrodes 
as "sensors" that instrument technolo- 
gists will need to interface with micro- 
processors—for example. when moni- 
toring sodium and potassium levels for 
hospital patients. The authors are from 
Prague. home of J. Heyrosky and 
polarography fame. which guarantees 
that their work rests on a good theore- 
tical background. The translation is 
smooth and clear. so that English 
readers can easilv follow their text. 

The work is divided into four chap- 
ters; the last is long and devoted to 
analytical applications. The first two 
deal with introductory theory and in- 
strumentation, in some seventy pages 
with more than 300 references. Exact 
treatments are given of the theory of 
membrane potentials and activities, 
classification of electrode types with 
details of their selectivities and res- 
ponse characteristics, and information 
about measuring instruments used in 
potentiometry. The third chapter gives 





the experimental techniques used, in- 
cluding directions for the preparation 
and presentation of samples for 
analysis, descriptions of discrete and 
continuous measurements with explan- 
ations of calibration and standardisa- 
tion techniques. This chapter finishes 
with an account of automated methods 
of analysis and the use of ion-selective 
electrodes in biochemistry, biology and 
medicine. 

The final long chapter surveys the 
applications, as reported in the world's 
literature until about the end of 1977. 
It seems to be comprehensive; some 
840 references are reviewed in 78 pages. 
These are dealt with rather in order 
of the reliability of present-day elec- 
trodes, starting with the applications 
for halogens and cyanide in greatest 
detail and continuing with sulphur 
compounds, nitrogen (including enzyme 
reactions), phosphorous and other non- 
metals more briefly. Cation-selective 
electrodes are treated in the same way. 
starting with alkali and alkaline earth 
metals, followed by silver, mercury 
and so on. The book continues with 
tabulations for the determination of 
various inorganic materials and organic 
compounds and concludes with an 
Appendix of useful data tables. 

This then is a valuable text and one 
does not need to criticise such honest 
work on the part of the authors. How- 
ever. it is hoped that at a later time 
they mav be encouraged to include the 
elass pH electrode, purposely avoided 
in this volume, as it is still the ‘best’ 
ion-selective electrode. 





Chemistry at Chelsea College, University 
of London, UK. 
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announcements 





Meetings 


4-18 March, Comparative Biology of 
the Nervous System, Caracus (Dr 
Guillermo Whitfembury, Director of 
CLAB, Instituto Venezolano de In- 
vestigaciones Cientificas, Apartado 
1827, Caracus, Venezuela). 


9-10 March, New York Einstein 
Centennial Celebration (Einstein Com- 
mittee, The New York Academy of 
Sciences, 2 East 63rd St, New York, 
New York 10021). 


12-16 March, Labex International °79, 
Birmingham (Industrial and Trade 
Fairs Ltd, Radcliffe House, Blenheim 
Court, Solihull, West Midlands, UK). 


13-16 March, Tunnelling '79, London 
(Christopher Bradley Ltd, 78 Vineyard 
Hill Rd, Wimbledon Park, London 
SWI, UK). 


15 March, Charge Coupled Devices in 
Signal Processing, London (Dr A. 
Holmes-Seidle, Fulmer Research In- 
stitute, Stoke Poges, Slough, UK). 


27-29 March, SEA-CON (79), Brighton 
(C. G. Hague, Kent Instruments Ltd, 
27B Bell St, Reigate, Surrey, UK). 


28-30 March, Process Engineering— 
the Future, Loughborough (The Con- 
ference Secretariat, Society of Chemical 
Industry, 14 Belgrave Square, London 
SWI, UK). 


1 April, More Physics, Less Rele- 
vance?, Cambridge (The Meetings 
Officer, The Institute of Physics, 47 
Belgrave Square, London SWI, UK). 


3-5 April, Annual Chemical Congress, 
Bristol (Dr John F. Gibson, The 
Chemical Society, Burlington House, 
London W1, UK). 


3-6 April, 3rd International Symposium 
on Distillation, London (S. A. E. 
Buxton, The Institution of Chemical 


Engineers, 165-171 Railway Terrace, 
Rugby, UK). 
9-11 April River Pollution Control, 


Oxford (Conference Organiser, Water 
Research Centre, Medmenham Labora- 
tory, Henley Rd, Medmenham, Bucks, 
UK). 


9-11 April Enzyme Inhibitors as 
Drugs, London (Mrs J. Kruger, Dept 
of Pharmacology, School of Pharmacy, 
University of London, 29-39 Brunswick 
Square, London WC1, UK). 


9-11 April, Pollution from Road 
Vehicles, Warwick (NSCA, 136 North 
St, Brighton, Sussex, UK). 


10-11 April Symposium on Straw 
Decay, Hatfield (Dr E. Grossbard, 
Hatfield Polytechnic, Bayfordbury 


House, Lower Hatfield Rd, Hertford, 
UK). 


1621 April, Freeze-etching in Electron 
Microscopy, Woods Hole (Admissions 
Office, MBL, Woods Hole, Massachu- 
setts 02543). 

18-19 April, Photochemistry, Lasers 
and Spectroscopy, Newcastle upon 
Tyne (Dr John F. Gibson, The 
Chemical Society, Burlington House, 
London W1VO0, BN, UK). 


2-4 May, Drug Treatment in Chronic 
Cerebrovascylar Disorders, Milan (Dr 
G. de Gaetano, Istituto di Ricerche 
Farmacologiche “Маго Negri", 20157 
Milano, Via Eritrae, 62 Italy). 


8 May, Efficient Use of Resources: 
Implications for the Agricultural En- 
gineer, Kenilworth (Mrs E. J. Holden, 
The Institution of Agricultural En- 
gineers, West End Rd, Silsoe, Bedford, 
UK). 


8 May, Internatonal Symposium on 
Crop Protection, Gent (Rijksuniver- 
siteit Gent, Facalteit van de Land- 


bouwwetenschappen, В-9000 Gent, 
Belgium). 
9-11 May, Water Research Centre 


Open Days, Mecmenham (WRC PO 
Box 16, Henley Rd, Medmenham, 
Marlow, Bucks, UK). 


9-11 May, From Molecules to Com- 
munity: Multifaceted Mental Health 
Research, Saskatoon (D. G. Irvine, 
Psychiatric Research Division, Univer- 
sity Hospital, Saskatoon, Saskatchewan, 
Canada S7N 0W&). 


27 May-1 June, :4th World Gas Con- 
ference, Toronto (Conference Office, 
PO Box 1979, Ccmmerce Court West, 
Toronto, Ontario. Canada MSL 134). 


6-7 June, Mechanisms of Viral Patho- 
genesis and Virulence, Munich (P. A. 
Bachmann, WHO Collaborating 
Centre, Konigins:r. 49, 8000 Munich 
22, FRG). 


17-19 June, 21st National Annual 
Congress of the Argentine Neuro- 
surgical Association, Santa Fé (Dr C. 


Cortelezzi, Casilla de Correo 1936, 
Buenos Aires, Argentina). 
18-20 June, Processes and Water 


Quality Modelling, New Orleans (Dr 
P. Hamilton, Science Applications Inc., 
4900 Water’s Edge Drive, Suite 255 
Raleigh, NC 27666). 


1821 June, Metabolic Effects of 
Alcohol, Milan (Crganising Secretariat, 
Centro Studi de’ Alimentazione, 
Nutrition Foundation of Italy, Via S. 
Pietro Allberto 17, 20121 Milan, Italy). 


25-29 June, Excess Electrons and 
Metal—Ammonia Solutions, Aviemore 
(Dr B. C. Websser, Chemistry Dept, 
The University of Glasgow, UK). 





Reports & publications 
UK & Ireland —December 


Philosophical Transactions of the Royal Society of 
London. B: Biological Sciences. Vol. 284, No. 1002: 
The Biochemical Functions of Terpenoids in Plants. 
A Discussion organised by T. Goodwin, FRS. 
Pp. 437-603 +3 plates. (London: “Vhs Royal Society, 
1978.) UK £10.90; Overseas £11.40. [412 

Ministry of Agriculture, Fisheries and Food: 
Directorate of Fisheries Research. Fisheries Radio- 
biological Laboratory. Technica! Report FRL 14: 
Radioactivity in Surface and Coastal Waters of the 
British Isles, 1976. Part 2: Areas Other Than the Irish 
Sea and Its Environs. By N. T. Mitchell. Pp. 20. 
(Lowestoft: Ministry of Agriculture, Fisheries and 
Food, Fisheries Radiobiological Laboratory, 1978) 2 


Loughborough University of Technology: Depart- 
ment of Civil Engineering. Water and Waste Engineer- 
ing for Developing Countries. 4th WEDC Conference: 
Engineering for Health in Hot Countries, 25th-27th 
September 1977. Edited by John Pickford. Pp. 192. 
(Loughborough, Leicestershire: Mrs Rowena Steele, 
Department of Civil Engineering, University of 
Technology. 1978.) Softback £8; Hardback £12, [412 

Third Report from the Select Committee on Science 
and Technology, Session 1977-78. The Durability and 
Efficiency of Filament and Discharge Lamps. Vol. 1 
Report. Pp. xxxiii. 80p net. Vol. 3: Appendices to the 
Minutes of Evidence. Pp. vii+267-452. £3.10 net. 
(London: HMSO, 1978.) [512 

The Edinburgh School of Agriculture. Annual 
Report, 1977. Pp. 239. (Edinburgh: The Edinburgh 
School of Agriculture, West Mains Road, 1978.) [612 

Home Office. Report of the Committee on Data 
Protection. Chairman: Sir Norman Lindop. Pp. xxiv + 
460. (Cmnd. 7341.) London: HMSO, 1978.) £6 net. 


A Review of Auxiliary and Booster Fan Ventilation 
Practice in Mines. (A Report by the National Com» 
mittee to Examine All Aspects of the Ventilation of 
Narrow Drivages.) Pp. <1. (London: HMSO, 1978.) 
£2.25 net. [712 

Department of the Eavironment; Scottish Office; 
Welsh Office. Annual Survey of Radioactive Discharges 
in Great Britain, 1977. Fp. 42. (London: Department 
of the Environment, Waste Management Division, 
Becket House, Lambeth ?alace Road, 1978.) 70р. э. 


Department of Industry. Report of the National 
Committee on Computer Networks. Preserited tà the 
Secretary of State for Industry by J. Howlett, CBE. 
Pp. vi+ 121. (London: Department of Industry, Dean 
Bradley House, 52 Hosselerry Road, SWI, 197 5) 
gratis. [742 

Annual Report of th: British Council, 1977-78, 
Pp. 72. (London: The British Council, Н Spri 
Gardens, SW1, 1978.) "d 
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Engineering Structures, Vol. 1, No. 1, October 1978. 
Edited by Dr J. Munro and Professor P. L. Gould. 
Pp. 1-56. Published quarterly, Annual subscription: 
(4 issues) £35. Single copy £8.25. (Haywards Heath, 
Sussex: IPC (Sales and Distribution), Ltd., Oakfield 
House, Perrymount Road, 1978.) {712 

Bulletin of the British Museum (Natural History). 
Entomology Series, Vol. 37, No. 6: The Phleboto- 
mine Sandflies (Diptera: Psychodidae) of the Oriental 
Region. By D. J. Lewis, Pp. 217-343. (London: 
British Museum (Natural History), 1978.) £17.85. [812 

Philosophical Transactions of the Royal Society of 
London. B: Biological Sciences. Vol. 285, No. 1003: 
The Separation of Visual Axes in Apposition Com- 
pound Eyes, Ву G. A. Horridge, FRS. Pp. 1-59 + 
plates 1-8. UK £6.10; Overseas £6.35. Vol. 285, 
No. 1004: The Constitutive Heterochromatin in 
Chromosomes of Fritillaria sp., as Revealed by Giemsa 
Banding, By L. F. La Cour, FRS. Pp. 61-71. UK £2.10; 
Overseas £2.20. (London: The Royal Society, xim 

| 


Computer Board for Universities and Research 
Councils. (Report of the Computer Board for the 
period Ist April, 1976—3151 March, 1977.) Pp. 16. 
(Cmnd. 7322.) (London: HMSO, 1978. 40р net. [812 

The Analysis of Archaeological Insect Assemblages: 
А. New Approach. By H. K. Kenward. (The Archae- 
ology of York: Principles and Methods, Vol. 19, 
Fasci1.) Pp. 684-4 plates, (London: Council for 
British Archaeology, 112 Kennington Road, SEIL, 
1978.) £4.75, [1112 

University of Bristol. Annual Report of Council to 
Court and Statement of Accounts, 1977/1978. Pp. 67. 
(Bristol: The University, 1978.) [1112 

Home Office. Experimental on Living Animals: 
Statistics. Pp. 37. (Cmnd. 7333.) (London: HMSO, 
1978.) £1.25 net. [1112 

National Radiological Board. NRPB-R77: Radia- 
tion Exposure of the UK Population. By F. E. Taylor 
and G. A. M. Webb. Pp.iv +86. (Harwell, Didcot, 
Oxon: National Radiological Protection Board, 1978. 
Obtainable from HMSO, London.) £2.50. [1112 
Shift Work and Health: a Critical Review of the 
Literature. By J. M. Harrington. (Report commissioned 
by the Employment Medical Advisory Service of the 
Health and Safety Executive.) Pp. v+28. (London: 
HMSO, 1978.) £1 net. [1212 

Natural Environment Research Council. Report of 
the Council for the period 1 April 1977-31 March 
1978. Pp. у +126 +19 photographs. (London: HMSO, 
1978.) £3.50 net. [1312 

Social Science Research Council. Annual Report, 
1977/78. Pp. 48. (London: HMSO, 1978.) £1.15 PUE 

Some Biological Transformations Involving Un- 
saturated Linkages: The Importance of Charge 
Separation and Charge Neutralization in Enzyme 
Catalysis, By M. Akhtar and C. Jones. (Tetrahedron 
Report No. 43.) Pp. 22. (Oxford and New York: 
Pergamon Press, 1978.) £4.95. [1312 
.letrahedron Reports. No. 51: Die Chemie des 
Ninhydrins und Anderer Cyclischer 1, 2, 3—Tricarbon- 
ylverbindungen. Von Alexander Schonberg und Erich 
Singer. Pp. 19. £4.95. No. 52: fi-Lactams—Retrospect 
and Prospect. By Arya K. Mukerjee and A. K. Singh. 
Pp. 40. £4.95. No. 53: Sterically Crowded Organic 
Molecules—-Synthesis, Structure and Properties. By 
Thomas T. Tidwell. Pp. 17. £4.95. No. 54: Nucleo- 
philic Displacement of Aromatic Nitro Groups. By 
James R. Beck. Pp. 15. £4.95. (Oxford and New York: 
1978.) [1412 

University of Surrey: Research Committee. Register 
of Research Projects, 1978. Pp. ii+ 157. (Guildford: 
Bureau of Industrial Liaison, University of Surrey, 
1978.) [1512 

Electronics--The Lifeline. By Admiral of the Fleet, 
The Earl Mountbatten of Burma. (The First 
Mountbatten Lecture.) Pp. 20. (London: The National 
Electronics Council, Abell House, John Islip Street, 
SWI, 1978.) 60p. [1512 

Report of the Science Research Council for the year 
1977-1978. Pp. vi497. (London: HMSO, 1978.) 
£3.50 net. [1512 

Natural Environment Research Council. Report of 
the Council for the period 1 April 1977-31 March 
1978, Pp. v +126. (London: HMSO, 1978.) £3.50 net, 

1812 

Proceedings of the Royal Irish Academy. Section A: 
Mathematical and Physical Sciences. Vol, 78. No. 10: 
Integration, Variation and Differentiation in Division 
Spaces. By R. Henstock. Pp. 69-85. £1.56. No. 11: 
Correlation Functions for Spherical Harmonics 
Resulting from Rotational Brownian Motion of a 
Linear Molecule. By James McConnell. Pp. 87-97. 
£1.70. No. 12: An Estuarine Water-Quality Model in 
an Oscillating Constant-Volume Reference Frame. 
By J. P. J. O'Kane. Pp. 99-118. £2. No. 13: The 
Synaptron—a New Integrated Element for Signal 
Processing. By W. D. Ryan and D. Н, Campbell. 
Pp. 119-126. 90p. No. 14: A Topological Formulation 
of the Density Theorem for O-Primitive Near-Rings. 
By D. Ramakotaiah and G. L. Rao. Pp. 127-135. 
£1.10. No. 15: Decompositions in Nuclear Spaces. By 
J. J. M. Chadwick. Pp. 137-141. 85p. Section B: 
Biologica, Geological and Chemical Science. Vol. 78. 
No. 10: The irish Fauna of Empididae (Dip era 
Brachycera.) Pp. 145-169, £1.80. No. 11: An Elec ro- 
phoretic Study of the Haemoglobins of Some Hybrid 
Fishes. By T. F. Cross and F. J. O'Rourke. Pp. 171-178 
+9 plates. £1.14. No. 12: Littoral and Benthic In- 
vestigations on the West Coast of Ireland—IX (Sec- 
tion A: Faunistic and Ecological Studies.) The Biology 
of the Rock-Goby, Gobius paganellus L., at Carna. 
By J. Dunne. Pp. 179-191. £1. (Dublin: Royal Irish 
Academy, 1978.) [1812 

Office of Population Censuses and Surveys. Mortality 
Statistics: Childhood and Maternity. Pp. x--102. 
(Series DH3, No. 3.) £2.50 net. Mortality Statistics: 
Review of the Registrar General on Deaths in England 


and Wales, 1976. Pp. xii -- 104. (Series DH1, No. 4) 
£2.75 net. (London: HMSO, 1978.) [1812 
The Royal Society: Scientific Research in Schools 
Committee. Report to Council, 1978. Pp. 13. (London: 
The Royai Society, 1978.) [1912 
Microelectronics: The New Technology. Pp. 24. 
(London: Department of Industry, 123 Victoria 
Street, SWI, 1978.) [1912 
Health and Safety Commission. Report 1977-78. 
Pp. v +65. (London: HMSO, 1978.) £1.75 net. [1912 
Highly Flammable Liquids in the Paint Industry. 


Pp. iv +47. (London: HMSO, 1978.) £1 net. {2112 
Radiochemicals 1979. Pp. 151. (Amersham: The 
Radiochemical Centre, 1978.) [2112 
Edwards Freeze-Drying Handbook. By Terence 
W. G. Rowe and John W. Snowman. Pp. 139. 
(Crawley, West Sussex: Edwards High Vacuum, 
Manor Royal, 1978.) £8. [2112 
— January 


Institute of Hydrology. Research Report, 1976-78, 
Pp. v + 124. (Wallingford, Oxfordshire: Institute of 
Hydrology, Maclean Building, Crowmarsh Gifford, 
1978.) [81 

Medical Research Council. Annual Report, April 
1977—March 1978. Pp. x +96. (London: HMSO, 1978.) 
£3.75 net. [81 

Mineral Resources Consultative Committee. Mineral 
Dossier No. 20: Bauxite, Alumina and Aluminium. 
Compiled by Dr. R. N. Crockett. Pp. 53. (London: 
HMSO, 1978.) £1.75 net. [81 

Philosophical Transactions of the Royal Society of 
London: A: Mathematical and Physical Sciences. 
Vol. 290, No. 1371: A Study of Sp Excitation in Atomic 
Barium, I. The 5p Absorption Spectra of Ba I, Cs I and 
Related Elements. By J. P. Connerade, M. W. D. 
Mansfield, G. H. Newsom, D. H. Tracy, M. A. Baig 
and K. Thimm. Pp. 327-352. plates | and 2. UK 
£2.10; Overseas £2.20. Vol. 290, No. 1372: Acoustic 
Destabilization of Vortives. By E. G. Broadbent and 
D. W. Moore. Pp. 353-371. UK £1.25; Overseas 
£1.35. (London: The Royal Society, 1979.) [81 

International Computers Limited. Annual Report 
and Accounts, 1978. Pp. 32. (London: International 
Computers, Ltd., ICL House, Putney, SWI5, 1979.) [91 

Philosophical Transactions of the Royal Societv of 
London. B: Biological Sciences. Vol. 284, No. 1901: 
Evolutionary Systematics of Bivalve Molluscs, A 
Discussion organized for the Royal Society and 
Malacological Society of London by Sir Maurice 
Yonge, F.R.S., and T. E. Thompson. Pp. 199—436 + 29 
plates (London: The Royal Society, 1978.) UK £16.50; 
Overseas £17. [121 


Other countries—December 


International Atomic Energy Agency Publications— 
Catalogue, 1978/79. Pp. 247. (Vienna: Atomic Energy 
Agency, Kartner Ring 11, 1978.) [412 

Republic of the Sudan: Ministry of Agriculture, 
Agricultural Research Division. Annual Report of the 
Gezira Research Station and Substations, 1966-1967. 
Pp. 353. Annual Report of the Hudeiba Research 
Station, 1972-1973. Pp. 63. (Wad Medani: Gezira 
Research Station, Agricultural Research Corporation, 
1978.) [412 

Fisheries and Environment Canada. Fisheries and 
Marine Service Technical Report No. 801: A Review 
of Water Reconditioning Re-use Technology for Fish 
Culture, with a Selected Bibliography. By T. Pettigrew. 
E. B. Henderson, R. L. Saunders and J. B. Sochasky. 
Pp. iv+ 19. (St. Andrews, NB.: Biological Station. 
Fisheries and Oceans Canada, 1978.) [412 

Annals of the South African Museum. Vol. 76, 
Part 2: The Evolution of Guinea-Fowl (Galliformes, 
Phasianidae, | Numidinae) Taxonomy, Phylogeny, 
Speciation and Biogeography. By T. . Crowe. 
Pp. 43-136. Vol. 76. Part 5: The Skeleton of the 
Mammal-Like Reptile Cistecephalus With Evidence 
for a Fossorial Mode of Life. By Michael A. Cluver. 
Pp. 213-246, Vol. 76, Part 7: Late Tertiary Hyaenidae 
from Langebaanweg, South Africa, and Their Rele- 
vance to the Phylogeny of the Family. By Q. B. Hendey. 
Pp. 265-297. Vol. 76, Part 8: A Fragmentary Specimen 
of Saurichthys SP. from the Upper Beaufort Series of 
South Africa. By John Griffith. Pp. 299-307. Vol. 76, 
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APPOINTMENTS VACANT 





UNIVERSITY OF 


HONG KONG 
DEPARTMENT OF ANATOMY 


SENIOR LECTURESHIP 
IN ANATOMY 


(Re-advertisement) 


Following the establishment of a 
Dental School, applications are invited 
for appointment from September 1, 
1979, to a post of Senior Lecturer in 
Anatomy. 

Applicants should be either dental, 
medical or science graduates with 
experience in teaching anatomy to pre- 
clinical dental students. The appoint- 
ment carries the responsibility for co- 
ordinating and implementing all 
anatomical teaching within the dental 
course. The appointee will be expected 
to engage in research work and may be 
required to teach other students on 
3ccasion. Facilities exist within the 
Department for a major research 
interest to be built up in one of the 
oral biology fields. 

Annual salary (superannuable) is: 
HK$98,700 by 4,260 to 120,000 by 
$200 to 132,600 — (£1—HK$9.40 
ipprox.) Startíng salary will depend 
эп qualifications and experience. 

Further particulars and application 
forms may be obtained from the 
Association of Commonwealth Uni- 
rersities (Appts), 36 Gordon Square, 
London WCIH OPF, or the Assistant 
Secretary (Recruitment), University of 
dong Kong, Hong Kong. 

Closing date for applications is 
March 15, 1979. 9569(A) 





Central Birmingham 
Health District 
BIRMINGHAM 
MATERNITY HOSPITAL 
Infant Development Unit 
CYTOGENETICIST 
(Principal Biochemist Grade) 
(£6,999 to £9,177) 


Applications are invited for this new 
ost of Principal Cytogencticist. The 
iboratory offers a full range of cyto- 
enetic investigation and has Regional 
s well as District commitments. The 
ppointee will be responsible to the 
‘onsultant Pathologist for the organi- 
ation of work within the laboratory, 
uality control and the introduction of 
ew techniques. Applicants should 
old a relevant science degree and be 
ully experienced in the field of Cyto- 
enetics. 
Visits to the laboratory may be 
rranged by appointment with Dr 
ameron, Tel. 021 454 4851 ext. 224 
children’s Hospital). 
Application forms and job descrip- 
on from Personnel Officer, Birming- 
im Maternity Hospital, Birmingham 
15 2TG. Tel. 021 472 1377. 
9511(A) 





UNIVERSITY OF MALAWI 
Bunda College of Agriculture 


Applications аге invited for the 
following posts in the 


CROP PRODUCTION 
DEPARTMENT 
tenable from September 1, 1979; 


LECTURER IN BIOMETRY 


Applicants should have a good first 
degree in Agriculture, Mathematics, or 
the natural sciences with postgraduate 
qualifications and experience in 
Statistics as applied to agriculture. The 
appointee will be responsible for teach- 
ing agricultural statistics. 


LECTURER IN 


HORTICULTURE 


Applicants should have a good first 
degree in Agriculture or Horticulture 
with postgraduate qualifications in 
Horticulture. Practical research or pro- 
duction experience in Horticulture 
would be an advantage. Duties of the 
post include teaching the horticulture 
aspects of crop production and 
establishing a research programme in 
fruit or vegetable production. 


LECTURER IN 
SOIL SCIENCE (Two Posts) 


Applicants should have a good first 
degree in Agriculture or Soil Science 
with postgraduate qualifications and 
practical field experience in soil 
chemistry or soil physics. Duties of 
both posts include teaching the soil 
environmental aspects of crop produc- 


tion. 
LECTURER IN 
AGRICULTURAL 
ENTOMOLOGY 


Applicants should have a good 
degree in Agriculture, Biology or 
Zoology with postgraduate qualifica- 
tions and experience in entomology as 
applied to agriculture. Duties of the 
post include teaching entomology as 
part of the crop protection element of 
crop production. 

Salary Scale: K3,500 to K6,600 p.a. 
(£1 sterling K1.62.) The British 
Government may supplement salaries 
in range £3,450 to £3,654 p.a. (sterling) 
for married appointee and £2,340 to 
£2,544 р.а. (sterling) for single 
appointee (reviewed annually and 
normally free from all tax) and pro- 
vide children's education allowances 
and holiday visit passages. If no British 
Government supplementation is avail- 
able, the University may pay an addi- 
tion of between K1,320 to K1,656 p.a. 
(taxable in Malawi) Family passages, 
superannuation scheme; gratuity 15 to 
25%; biennial overseas leave; housing 
and various allowances. 

Detailed applications (2 copies) with 
curriculum vitae and naming 3 referees 
to be sent direct to Registrar, Uni- 
versity of Malawi, P.O. Box 278, 
Zomba, Malawi, by March 19, 1979. 

Applicants resident in the U.K. 
should also send one copy to Inter- 
University Council, 90/91 Tottenham 
Court Road, London WIP ODT. 
Further details may be obtained from 
either address. 9568(A) 


папе CLASSIFIED ADVERTISEMENTS 


CYNTHIA TIGHTUS 


MEDICAL RESEARCH 
COUNCIL 
VIROLOGY UNIT 
Institute of Virology 
UNIVERSITY OF GLASGOW 


A vacancy exists for a research 
scientist with experience in enzymology 
and/or protein biochemistry. The suc- 
cessful candidate would investigate 
the properties of certain Herpes Sim- 
plex Virus induced biologically active 
polypeptides (e.g. DNA polymerase, 
thymidine kinase), and be expected to 
pursue índividual research problems as 
well as coHaborative projects with 
other staff. Previous experitnce with 
animal virus systems is advantageous, 
but not essential, 

The position is a three or five year 
limited-term appointment on fhe 
M.R.C. non-clinical scientific staff with 
salary starting at an appropriate point 
on the Grade JI scale (£3,883 to 
£6,080}. M.R.C. Pension Scheme. 
Applicants should send a curriculum 
vitae giving full details of qualifi- 
cations and experience and the names 
of three Referees to:- 

Professor J. H. Subak-Sharpe, 
Institute of Virology, 
University of Glasgow, 
Church Street, 

GLASGOW, 

Gli SIR 


by February 28, 1979. 9486(A) 





UNIVERSITY OF BRISTOL 
DEPARTMENT OF PATHOLOGY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applications are invited — from 
biological scientists with interests in 
virology, cell biology, or immunology. 
The successful applicant will join a 
team investigating — Iymphocyte-virus 
interactions during EB virus infection 
in vitro. 

This  grant-supported appointment 
wil carry a salary on the scale begin- 
ning £3,833 per annum, depending on 
experience. (Scale under review.) The 
appointment will be for two years in 
the first instance, and is likely to be 
renewed thereafter for a further three 
years. 

Replies in writing, giving the names 
and addresses of two referees to Pro- 
fessor M. A. Epstein, Department of 


Pathology, The Medical School, Uni- 
versity Walk, Bristol BS8 ITD, by 
February 28, 1979, 9580(A) 
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[Southampton 
THE 
IVERSITY 


| DEPARTMENT OF PHYSICS 


Applications are invited for two 
LECTURESHIPS in the. Depart- 
ment of  Physies. The persons 
appointed will be expected. to play 
a ful part in he Departnent's 
programme of teaching and research 
in experimental physics. Tt is ету 
that preference... will -be given to 
candidates with research experience 
in the fields of condensed matter 
physics, low-temperature — ghysies 
and space physics. { 

Salary scale £3,883 to £7,754 per | 
annem plus USS. The їн 
salary will depend on quatifications 
and experience. 

Further particulars may — be 
obtained from Mrs E. C, P. Sears, 
Staffing Section. The University. 
Southampton 509 SNH to whom 
applications (7 sopies from United 
Kingdom applicants) should be sent 
not later than March 26, 1979, 
Please quote reference number 
1703/ A /Na. S4ATOCA) 








ST. GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
{University of London) 

RESEARCH ASSISTANT 
IN BIOCHEMISTRY 


urgenty required to study the bio- 
logical role of peptides released after 
activation of pancreatic zymogens, A 
knowledge of peptide chemistry and/or 
organ culture desirable but ти 
essential. The appointment is in the 
Department of Surgery and will be for 
three years in the first instance with 
the possibility of registering for a 


Ph.D. degree. 
Emoluments according to experi- 
ence; minimum starting £3,834 p.a. 


inc. London weighting. 

Please send curriculum vitae to Dr 
D. Grant, Department of Surgery, St. 
George's Hospital — Medical School, 
Cranmer Terrace, London SWI? ORE. 


There is no closing date, suitable 
applicants will be interviewed ime 
mediately. 9593(A) 


DEPARTMENT OF BIOLOGY 
TECHNICIAN IN HUMAN PHYSIOLOGY 


(Salary £3,732 to £4,146) 


_ Candidates should have degree, HNC, or equivalent qualifica- 
tion, and experience with electrophysiological equipment. 
Placement on salary. scale according 0 age and experience. 


Further details and application forms may be obtained from 


the Deputy Administrator, 
OX3 OBP. 


Oxford Polytechnic, 


Oxford 
9563(A) 





UNIVERSITY OF JOS 
JOS NIGERIA 


VACANCIES IN THE 
FACULTY OF MEDICAL SCIENCES 


Applications are invited from suitably qualified candidates to fill the 
Гоу п vacancies їп the Faculty of Medical Sciences of the University 
of Jos. 


A. POSTS: 


Professor/Reader/Senior Lecturer/Lecturer I and H 


in the following 


specialities: — 


(1) Medicine 
(2) Paediatrics 
(3) Pharmacology and Therapeutics 
(4) Psychiatry 
(5) Surgery 
(6) Obstetrics and Gynaecology 
(7) Community Medicine 
(8) Anaesthesia 
(9) Microbiology 
(10) Chemical Pathology 
(11) Pathology 
(12) Haematology and Blood Transfusion. 


Professor/ Reader 
Qualifications: 


The Candidate, who should have a post-graduate qualification 
registerable with the Nigeria Medical Council, should be an 
authority in his field and should have several years’ experience in 
his area of competence. He should have evidence of undoubted 
ability in research, such as contributions in reputable journals and 
should be capable of directing and supervising the research of 
junior colleagues. He should be capable of giving both administra- 
tive and academic leadership. 


Duties: 
The successful candidate would be involved with planning and 
organising undergraduate clinical programmes and in research. He 


would be expected to have the resourcefulness and energy required 
to meet the challenge of a new department. 


B. Senior Lecturer/ Lecturer: 
(0 Qualifications: 


Candidates for 1, 2, 3 and 4 should possess an M.R.C.P. or 
similar post-graduate qualification. 

Candidates for 5, should possess an F.R.C.S. 

Candidates for 6, should possess an M.R.C.O.G. 

Candidates for 7, should possess D.P.H.;M.P.H. and possession 
of an M.R.C.P. or M.F.C.M. would be an advantage. 

Candidates for 8, should possess an F.F.A.R.C.S. or D.A. 

Candidates for 9, 10, 11 and 12 should possess an M.R.C. Path.. 
a Ph.D. or equivalent qualification. 

In the case of Senior Lecturers, candidates should possess not less 
than five years’ experience in research and teaching in the 
speciality. Possession of a Ph.D. would be an advantage, as 
would training and experience in any sub-speciality in these fields. 


Gi) Duties: 


Successful candidates would be expected to be capable of inter- 
disciplinary research and teaching, and would be responsible to 
the Head of Department for the organisation of clinical instruction. 


C. SALARY: 


Professor 
Reader 

Senior Lecturer 
Lecturer I 
Lecturer H 


annum 
annum 
annum 
annum 
annum 


D. CONDITIONS OF SERVICE: 
Successful candidates will be on probation for the first two years and 


afterwards confirmed 


to retiring age if their services are considered 


satisfactory. Other fringe benefits include pension scheme, car allowance, 
part furnished accommodation, or housing allowance in lieu of accom- 
modation. 25 per cent Contract Addition is payable to all expatriates. 


E. METHOD OF APPLICATION: 
(a) Interested candidates in Nigeria are required to forward detailed 


e 


applications (ten copies) to the Registrar, University of Jos. 
P.M.B. 2084, Jos, giving the following information: Post desired, 
full name, date and place of birth, nationality, permanent address, 
telephone number, if any, current postal address and telephone 
number, if applicable, marital status, number and ages of 
children, educational institutions attended with dates, full qualifi- 
cations plus copies of certificates, previous employment with dates, 
present employment with dates .and salary, list of publications, 
names and addresses of three distinguished scholars in relevant 
field as referees, two passport photographs of self. Candidates are 
advised to request their referees to forward references on them 
directly and under confidential cover to the Registrar to reach 
him not later than February 14, 1979. 


Overseas candidates should forward their applications (four copies) 
to the Principal Assistant Secretary (Recruitment), National 
Universities Commission, London Office, 180 Tottenham Court 
Road, London WIP 9LE, England, marked ''Registrar/Jos'" and 
giving the details listed in (a) above. Similarly, candidates should 
request their referees to forward references on them directly and 
under confidential cover to reach the London Office by February 
14, 1979. 


N.B. Further details are available from the London Office. 


YSD/SA: 


REGISTRAR. 
9574(A) 
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IMMUNOLOGIST/ 
VIROLOGIST 


Two positions are available im- 
mediately at the Assistant Professor 
level for a Cellular Immunologist and 
a Virologist to work in the Bovine 
Leukemia Research Unit. Applicants 
should have a Ph.D. or D. V.M. degree 
with post-graduate training in the 
appropriate discipline. 

Qualified applicants should send a 
résumé, copies of representative pub- 
lications and the names of three 
people who may be contacted for 
references to:, Dr Jorge F. Ferrer, 
Chief, Section of Viral Oncology, Uni- 
versity of Pennsylvania School of 
Veterinary Medicine, New Bolton 
Center, R.D., 1, Kennett Square, 
Pa. 19348. 9298(A) 





ST. GEORGE'S HOSPITAL 


MEDICAL SCHOOL 
(University of London) 


RESEARCH ASSISTANT 
IN CELL BIOLOGY 


required to join a Cancer Research 
Campaign funded 3-year project in- 
veStigating human pancreatic and other 
common cancers. Experience in cellu- 
lar assays and tissue culture desirable 
but not essential. 

Emoluments £3,834 to £4,333 (under 
review). The successful candidate will 
be expected to obtain a Ph.D. degree. 

Applications and further particulars 


from the Establishment Officer, St. 
George’s Hospital Medical School, 
Cranmer Terrace, London SW17 ORE. 

9586(A) 





CHILDREN'S HOSPITAL 
BIRMINGHAM 


TECHNICIAN OR 
BIOLOGICAL SCIENCE 
GRADUATE 


required for a research post. The 
successful applicant will be concerned 
with a leukaemia and non-Hodgkins 
Lymphoma study. Previous experience 
in immunology helpful but not 
essential. Appointment for one vear in 
the first instance. 

Salary according to experience and 
qualifications. 

For further details and an applica- 
tion form please contact Dr F. G. H. 
Hill, Consultant Haematologist, Haema- 


tology Department, The Children’s 
Hospital, Ladywood Middleway, 
Birmingham  Bl6  8ET. Telephone: 


021-454 4851. Closing date: March 15, 
1979. 9590(A) 





UNIVERSITY OF 


BIRMINGHAM 
DEPARTMENT OF 
GEOLOGICAL SCIENCES 


LECTURER 
IN HYDROGEOLOGY 


Applications are invited for the 
above post, the duties of which will 
principally include the teaching of 
Hydrogeology at M.Sc. Course level 
and the supervision of Course project 
work. The successful applicant will be 
expected to pursue research in the field 
of hydrogeology. 

Applicants should have a good 
honours degree. A postgraduate quali- 
fication in. Hydrogeology and practical 
experience would be advantageous. 

Salary, according to age and experi- 
ence, in the range £3,883 to £7,754 (to 
be reviewed) plus superannuation. 

Further particulars are available 
from the Assistant Registrar, Science 
and Engineering, University of Birming- 
ham, P.O. Box 363, Birmingham 
BIS 2TT, to whom applications (3 
copies) including curriculum vitae and 
naming three referees should be sent 
by March 2, 1979. 

Please quote: Ref NG3, 9589(A) 














UNIVERSITY OF 


LIVERPOOL 
SCHOOL OF DENTAL SURGERY 


TECHNICIAN 


to work in electron microscope unit 
Research interests are — concerne 
principally with mineralised tissues 
The unit is shortly to be equipped wit! 
a Jeol Temscan system with Linh 
energy dispersive analytical equipment 
Previous experience in electron micro 
scopy an advantage but training coulc 
be given to suitable applicant witt 
previous relevant laboratory experience 
ОМС ог equivalent as minimum 
qualification, 

Salary on scale up to £3,060 p.a 
(under review) according to qualifica 
tions and experience. 

Application forms may be obtained 
from The Registrar, The University, 
Р.О. Box 147, Liverpool L69 3BX. 

Quote Ref: RV/481/N. 9579(A) 


UNIVERSITY OF 


EDINBURGH 
DEPARTMENT OF 
LINGUISTICS 


RESEARCH ASSOCIATE 


for S.S.R.C. Project on the In- 
telligibility of Speech to Children, 
for two years from March, 1979. 

Qualification in psycholinguistics 
and/or linguistics plus some 
familiarity with experimental 
method required. 

Salary: £3,883 to £4,382 per 
annum. 

Applications with curriculum 
vitae and names of two referees to 
the Secretary to the University, | 
Old College, South Bridge, Edin- 
burgh EHS 9YL, by February 16, 
1979. 

Please quote: Reference 5004. 


9577(А) 





UNIVERSITY OF LEICESTER 
PHYSICS RESEARCH Ph.D. 


The Department of Physics offers 
excellent research opportunities lead- 
ing to the degree of Doctor of Philos- 
ophy in the following areas: 

IONOSPHERIC PHYSICS 
NUCLEAR ELECTRONICS 
QUANTUM MOLECULAR 
PHYSICS 
SOFT X-RAY SPECTROSCOPY 
SOLID STATE PHYSICS 
THEORETICAL PHYSICS 
X-RAY ASTRONOMY 

Further details and application forms 
may be obtained from Professor J.L. 
Beeby. Department of Physics, Univer- 
sity of Leicester, Leicester LE! 7RH. 

9488(A) 











UNIVERSITY OF 


EDINBURGH 
THE EDINBURGH SCHOOL 
OF AGRICULTURE 


LECTURER IN 
ANIMAL PRODUCTION 


Applications are invited from 
suitably qualified graduates for a 
post of LECTURER IN ANIMAL 
PRODUCTION. The successful 
candidate will be involved in 
courses for postgraduate, under- 
graduate and HND students and 
wil be encouraged to develop 
research interests. 

Salary on scale £3,883 to £7,754 


per annum. 

Further particulars may бе 
obtained from the Secretary to the 
University, Uniyersity of Edin- 


burgh, Old College, South Bridge, 
Edinburgh ЕНЕ 9YL, with whom 
applications should be lodged not 
later than. March 9, 1979, 
Please quote: Reference 1014. 
9578(À) 
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CAREERS in | 
SCIENTIFIC COMPUTING and 
ELECTRONIC ENGINEERING 


CHALLENGING OPPORTUNITIES TO WORK ON: 








ө MICROPROCESSORS e LOGIC DESIGN 

ө REAL TIME PROGRAMMING e INSTRUMENTATION 

e NETWORKS ө ACCELERATOR CONTROL SYSTEMS 

Daresbury Laboratory is developing major national The exploitation of these facilities requires first-class 

facilities in the fields of computer networking, atomic, computing support. Computers at the laboratory 

molecular and biological sciences and nuclear physics. Meng ^ad IBM 370/165, GEC 4070s, PDP-11s and 
nterdatas. 






© COMPUTER NETWORKS: 

Development and support of communications © LOGIC DESIGN: 
software for interactive terminal, graphics and Interface design for mini-computers using the 
remote job entry access to the SRC's latest microprocessor techniques, also 

. computing centres using microprocessor communications interfacing for remote data 
based communications hardware and mini- processing. Specialised design of data 
computer pocket switches and front end acquisition systems. 
processors. 








€ DATA ACQUISITION: 
Programmers are required for the е INSTRUMENTATION: 
development of data acquisition systems Design and development of specialised 
using LSI and PDP-11 computers connected analogue and digital instrumentation for 







to an IBM 370/165. There are opportunities to processing electrical signals from a wide range 
work with large and small systems in а of charged particle and photon detectors. The 
stimulating scientific environment. Relevant most up-to-date facilities for RErD are 
programming experience would be an available. 

advantage but is not essential. 








€ ACCELERATOR CONTROL SYSTEMS: 
Development of an on-line process control 
system for the Daresbury Synchrotron 
Radiation Source (a 2 GeV Electron Storage 
Ring), using interdata computers. Experience 
in programming in both high level and 
assembler languages, and also in digital 
interface hardware, would be an advantage. 













Applicants should have a good honours degree in a relevant scientific discipline. Appointments will be made 
depending on qualifications and experience at SO level. 


Scientific Officer - £2,839-£4,415 (Salaries are currently under review) 
Closing date: 15th March, 1979. 
Please write or telephone: Warrington 65000, Ext. 467, for an application form quoting reference No, DL/65 










The Personnel Officer 


DARESBURY LABORATORY 


Science Research Council 
Daresbury, Warrington WA4 4AD. 







9509(A) 
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UNITED KINGDOM ATOMIC ENERGY 


Ene 


AUTHORITY 





The potential of both conventional and unconventional 
energy technologies in helping meet future energy needs isa 
topical and important subject. 

If the full potential of these technologies is to be realised, 
research, development and demonstration programmes all have 
a vital part to play. 

The Energy Technology Support Units of the U.K.A.E.A., 
located at Harwell, is responsible on behalf of the Department 
of Energy for initiating and managing many of these 
programmes, all of which are now expanding. 


SCIENCE OR ENGINEERING GRADUATES 
in their late twenties or early thirties, 
are needed in the following areas:- 


~Planning thenational programmes. 
~Promotion and development of new and existing 
technologies in all areas of energy use to establish 
greater efficiency. 
-Continuing development of solar, wind, wave, 
geothermal and tidal programmes. 
Especially welcome are applications from those with 
industrial experience or those able to discuss technological 
matters effectively with senior people in both industry and 


Government. 


Salary range: £5,514-£7,380 


Write or 'phone: Steve Beackon, Personnel Department, 
UKAEA, Harwell, OXON, OX11 ORA. Abingdon (0235) 24141. 


Ext. 2058. 


9507(A) 


TARUS 








UNIVERSITY OF DUBLIN 
Teinity College 


LECTURER IN 
PURE MATHEMATICS 


Applications are invited for the 
above post in School of Mathe- 
matics, Trinity College, Dublin, 
which will become vacant on 
October 1, 1979, 


Salary scale: £4,232 to £8,321 p.a. 
Appointment is likely to be made 
within the range £4,232 to £4,680. 


Application forms and further par- 
ticulars relating to this post may 
be obtained from: 


The Establishment Officer, 
West Theatre, 
Trinity College, 
Dublin 2, 
The closing date for receipt of ap- 


plications will be March 1, 1979. 
9487(A) 








UNIVERSITY OF READING 
LECTURERSHIP IN 
PHYSIOLOGY AND 

BIOCHEMISTRY 


Applications are invited for a 
Lectureship in Physiology. Candidates 
should have a degree in Physiology or 


related subjects, with interests in 
cardiovascular, respiratory, renal or 
muscle physiology and biochemistry 


and evidence of active research. 

The appointment will be in the 
Lecturer salary scale but, other things 
being equal, within the range £3,883 
to £5,842 per annum. 

The person appointed should take up 
duties on June 1, 1979 or as soon as 
possible thereafter. 

Further information may be obtained 
from the Registrar (Room 214, White- 
knights House), The University, White- 
knights, Reading RG6 2AH, by whom 
applications should be received not 
later than March 10, 1979. 9534(A) 


UNIVERSITY OF GLASGOW 
LECTURESHIP IN 
MATHEMATICS 


Applications are invited for a 
Lectureship in the Department of 
Mathematics, duties to commence on 


October 1, 1979. Salary will be within 
the range £3,975 to £5,830 of the 
Lecturers’ scale £3,975 to £8,250 


according to qualifications and experi 
ence (which may be in any branch 
of Pure or Applied Mathematics). 

Further particulars may be obtained 
from the Secretary of the University 
Court, (Room 18) University of 
Glasgow, Glasgow  GI2 8QQ. with 
whom applications (8 copies), giving 
the names and addresses of three 
referees, should be lodged on or before 
March 31, 1979. 

In reply please Ref. No. 
4362M. 9556(A) 


quote 








ST. HELIER HOSPITAL 
Carshalton, Surrey 
POSTDOCTORAL 

RESEARCH ASSISTANT 


required to work in Dermatology De- 
partment using immunological and bio- 
chemical techniques to study various 
aspects of skin disease including 
Cancer. 

Salary according to experience. 

Application, with full details of 
experience and names and addresses of 
three referees to Dr E. Rhodes, 
Dermatology Depariment at above 
address, from whom further details 
can be obtained. 9S64(A) 





UNIVERSITY OF KENT 
AT CANTERBURY 
Appointments in Electronics 
Applications are invited for the posts 
of 
LECTURER AND 
TUTORIAL FELLOW 


in Electronics 


Preference will be given to applicants 
with experience in one or more of the 
following fields: digital communica- 
tions, microwaves, medical electronics, 
electromagnetism, fundamental physical 


electronics. 

Salary scales: Lecturer £3,883 to 
£7,754; Tutorial Fellow £3,883 to 
£6,555. 

Application forms and particulars 
may be obtained from the Senior 
Assistant Registrar, Faculty of Natural 
Sciences, Chemical Laboratory, The 
University, Canterbury, Kent CT2 
INH, to whom completed applications 
should be returned by March 12, 1979, 
Please quote: Ref. A4/79. 9565(А) 





UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF 
OCCUPATIONAL HEALTH 
AND HYGIENE 


RESEARCH OFFICER 


Applications are invited from 
Honours graduates, preferably with 
Ph.D., for a post as Research Officer 
in Applied Physiology which has been 
established in the Department of 
Occupational Health and Hygiene. The 
person appointed will be required to 
assist and collaborate in studies of 
human respiratory and exercise physi- 
ology including physiological anthro- 
pometry, control mechanisms, sports 
physiology and the effects of occupa- 
tional dusts and vapours. Applications 
from holders of HNC in physiology, 
medical physics or applied biology 
with relevant experience will also be 
considered. 

Salary according to age, qualifica- 
tions and experience on either the 
Range IB salary scale £3,384 to £4,882 
per annum or the Range 1А salary 
scale £3,883 to £6,555 per annum. 
The post is available for up to three 
years. Membership of the appropriate 
University superannuation scheme will 
be required. 

Applications (three copies) together 
with the names and addresses of three 
referees should be sent to The Senior 
Administrative Assistant, The Medical 
School, University of Newcastle upon 
Tyne NE! 7RU, not later than March 
12, 1979. 9566(A) 





The Physiological Institute, Lehr- 
stuhl 2, University of Goettingen, 
is offering a contract for the 
position of COMPUTER PRO- 
GRAMMER for its PDP-11 com- 
puter network. A knowledge of 
electronics would be ad- 
Application with cur- 
ricülum vitae Чо; Н. Schultens/ 
EDV,. Humboldtallee 7, 10-3400 
Goettingen, FRG. OSTSCAY 


digital 
vantageous, 
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SENIOR 
HISTOPATHOLOGIST 
CHE ST GEORGE HOSPITAL 
with conjoint appointment as 
Clinical Professor or Clinical 
Associate Professor 
School of Pathology 
University of New South Wales 


Australia 


Suitably qualified medical. prac- 
itioners are invited to apply. for 
ppointment as Senior Histopathologist 
it this 550 bed teaching hospital of the 
Jniversity of New South Wales. The 
ippointee may also be offered the title 
М Clinical Professor (conjoint. appoint- 
nent) or Clinical. Associate" Professor 
conjoint appointment) and as such 
vould be responsible. to the. University 
ж New South Wales for teaching in 
he School of Pathology, with access 
o the facilities of that school 

'The Histopathology Division provides 
; comprehensive service to the Hospital 
nd is staffed with a second full-time 
pecialist and two Registrars. A full- 
ime Senior Lecturer in Pathology ís 
iso on site. 

Salary is at the Senior Staff Special- 
st rate, currently $439,364 p.a. Other 
'enditions in terms of the Medical 
Mfcers' Hospital Specialists’ (State) 
ward include study leave of three 
nonths for each five years' service 
imd limited right of private practice 
n terms of the procedures laid down 
ty the Health Commission of New 
south Wales. 

Written applications, including the 
1ames and addresses of three referees 
‘lose with the Chief Executive Officer, 
[һе St George Hospital, Kogarah, 
1217, on Apri! 12, 1979, Enquiries 
:oncerning hospital duties should be 
lirected to. the Medical Superintendent, 
fhe $t George Hospial, phone (02) 
88 1111, and on Uiversity matters to 
"Professor A. Lykke (02) 662 2770. 

9537(A) 





UNIVERSITY OF 


HONG KONG 
DEPARTMENT OF 
GEOGRAPHY AND GEOLOGY 
Applications are invited for the post of 


LECTURER/ 
ASSISTANT LECTURER IN 
ENGINEERING GEOLOGY 


Candidates will be required to con- 
juct courses in Geology for Engineer- 
ng students but will also be required 
© contribute in the Geology pro- 
gramme for Geography students, 

Preference will be given to candidates 
with special qualification in Engineer- 
ng Geology, and with experience in 
the East and South East Asian region. 

Annual salaries (superannuable) are: 
Lecturer  HK$63,540 by 4,260 to 
12,060 BAR 76,320 by 4,260 to 
106,140; Assistant Lecturer HK$46,260 
yy 4,320 to 59,220. (£1=HK$9.40 
ipprox.) Starting salary will depend on 
jualifications and experience. 

Further particulars and application 
'orms may be obtained from the Asso- 
siation of Commonwealth Universities 
‘Appts), 36 Gordon Square, London 
WCIH OPF, or the Assistant Secretary 
Recruitment), University of Hong 
Kong, Hong Kong. 

Closing date for applications is 
March 15. 1979. 9570(A) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the 
post of 


LECTURER IN 
ANIMAL BEHAVIOUR 


tenable from October 1, 1979, Can- 
didates should have field experience 
and be able to assist with ecological 
teaching and with the development of 
Joint Honours courses with Psychology 
and Anthropology. 

Salary on the scale £3,883 to £7,754 
per annum (under review) plus U.S.S. 
Applications (3 copies) naming three 
referees, should be sent by February 
23, 1979 to the Registrar and Secre- 
tary, -Science Laboratories, South 
Road, Durham DH! 3LE, from whom 
further particulars may be obtained. 

9463(A) 






























more than £33m. 


experience. 


THE UNIVERSITY 


OF LEEDS 
DEPARTMENT OF 
ANIMAL PHYSIOLOGY 
AND NUTRITION 
Applications are invited for a 
temporary post of RESEARCH 
FELLOW in the above Department 
for work on a project, supported 
by the Agricultural Research 
Council, involving a study of phos- 
phate homeostasis in sheep. Can- 
didates should have a good honours 
degree in agricultural animal 
Science, veterinary science or phy- 
siology and a Ph.D. degree. The 
appointment will be made for a 
fixed period of twenty months with 

effect from April 1, 1979. 

Salary in the range £3,883 to 
£5,604 on the ТА scale for Research 
and Analogous Stalf (£3,883 to 
£6,555) (under review) according to 
age, qualifications and experience. 

Applications forms and further 
particulars may be obtained from 
the Registrar, The University, 
Leeds LS2 9JT, quoting reference 
number 61/5/D. Closing date for 
applications, February 23, 1979. 


9472(А) 





KACIOIMMUNOASSAY 
Develooment 


Our Radioimmunoassay kits are well established in the Haematology, 
Obstetrics/Gynaecology and Thyroid fields and make a substantial contri- 
bution to the company's 20% p.a. growth rate and current group turnover of 


The group responsible for their development is expanding to meet the need 
for new products and we now have opportunities for experienced and skilled 
Radioimmunoassay Scientists to play a key rolein our future development pro- 
gramme. Candidates must have appropriate experience in a commercial or 
specialist research environment and good academic training to degree level 
with a period in further research in Chemistry, Biochemistry or related subjects. 
Ability and success in developing Radioimmunoassay or relatec analytical 
methods should have been a strong feature in the career of the successful 
candidate. 1979 graduates (first or second degree) are unlikely to have sufficient 


The Radiochemical Centre с 


Amersham 


хін 













The company is based іп гига! Buckinghamshire and this post offers consider- 
able scope for scientists keen to join a successful and rapidly-expanding high 
technology organisation. Salaries will be in the range £5,600 — £7,600 depend- 
ing on the qualities and experience of candidates. Conditions of employment 
are excellent and assistance with relocation will be given where needed. 


In the first instance, please write with full details of career to: Dr. J. 5 Allinson. 





9596(A) 


As a result of expansion we have a vacancy for a 


DESK EDITOR 


for work on highly specialized scientific journals. 
Candidates must have had university level training 
in the Physical Sciences or Engineering. Aconcern 
for literate communication and excellent knowledge 
of the English language are essential, as is the ability 
to work precisely and efficiently under pressure. 
Previous publishing experience is necessary. 
Excellent prospects for the right candidate. 


Applicants should contact the Edito: : 

Editorial Office (U.K.) of Elsevier Sequoia. 
Mayfield House, 256 Banbury Road, 

Oxford OX2 7DH. 


ELSEVIER sw% 


xiv 
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SCHERING 


artet Sie 


im Department Entzündungspharmakologie unserer 
Pharma Forschung ist die Stelle eines(r) 


Immunologen/ 
Immunologin 


zu besetzen 


Wir gehen davon aus, daß sich aus den Erkenntnissen 


der immunbiologischen Grundlagenforschung Impulse 


zur Therapie bisher 


unzulanglich behandelbarer 


Erkrankungen ergeben werden. 


Wir wünschen uns einen Mitarbeiter, der aufgrund 
seiner mehrjáhrigen experimentellen Erfahrung in der 


Lage ist, sich an dieser 


Grundlagenforschung zu 


beteiligen. Sein Arbeitsgebiet wird die Regulation der 

immunantwort auf zellularer Ebene sein; dort wird die 

Basis für eine spatere Etablierung von Modellen zur 
Wirkstoffindung gelegt. 


Wenn Sie an dieser Aufgabenstellung interessiert sind, 
bewerben Sie sich bitte schriftlich mit den üblichen 
Unterlagen oder rufen Sie uns an (Tel.: 030/468 2853 


oder 468 2922). 


SCHERING AKTIENGESELLSCHAFT 
Personalabteilung Berlin 
Müllerstra&e 170-178, 1000 Berlin 65 


SCHERING AG 


UNIVERSITY OF MANITOBA 
DIVISION OF GENETICS, 
FACULTY OF MEDICINE AND 
HEALTH SCIENCES CENTRE 
ASSOCIATE or ASSISTANT 
PROFESSORS 
in areas of : 
|, Clinical Genetics M,D., F.R.C.P. 

or equivalent in Pediatrics. At | 
least 34 years experience in | 
Clinical. Genetics/Genetic Coun- | 
selling and Research to head 

Section of Clinical Genetics, 

Health Sciences Centre. 

2. Basic Genetics--Ph.D. or M.D, 
with Research interests im the 
area of Somatic Cell Genetics, 
Population. Genetics or Immuno- 









genetics, Some experience in 
Graduate and — Undergraduate 


teaching required. 
Both appointments to commence on 





or after July L 1979. Send C.V. and 
references as soon as possible to 








Gr dot L. Hamerton, Division of 
Gen Health Selences Centre. 700 


Avenue, Winnipeg, Manitoba, 
9559(А) 


Wiliam 
RIE 073. 


9528(A) 





UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF 
BIOLOGY 


Applications are invited for the post 
of Lecturer in the Department of 
Biology, Candidates should have a 
specíal interest in Plant Ecology and 
should expect to contribute fully to 


the general teaching in the Depart- 
ment, 

Salary scale £3,883 to £7,754 рег 
annum plus U.S.S. Initial salary will 
depend on qualifications and experi- 
ence. 


Further particulars may be obtained 
from Mrs E. C. P. Sears, Staffing 
Section, The University, Highfield, 
Southampton SO9 SNH. to whom 
applications (seven copies), naming 
three referees should be sent, as Soon 
as possible and not later than March 
9, 1979. Please quote reference 
number 1609/R/Na. 9362(A) 





UNIVERSITY OF LONDON 
ROYAL POSTGRADUATE 
MEDICAL SCHOOL 
SAFETY OFFICER 
Applications are invited for this 
newly established post, the holder of 
which will be Secretary of the Safety 
Committee and will be responsible to 
the School Secretary for the implemen- 

tation of safety policy. 

Applicants should have а sound 
knowledge of safety matters. Particular 
knowledge of safety considerations in 
laboratories would be an advantage, 
but is not essential. 


Salary on grade ЇЇ for academic- 


related Administrative Staff: £6,317 
to £7,754 (under review) plus £450 
a year London Allowance. 

Superannuation under Universities 
Superannuation Scheme. 

Further particulars should be ob- 
tained from the Secretary, Royal 
Postgraduate Medical School, Ham- 
mersmith Hospital, Du Cane Road, 


London W12 OHS (tel: 01-743 2030, 
ext 352), to whom applications (6 
copies) should be sent, naming three 
professional referees, to arrive not 
later than Wednesday, February 28, 
1979. 9594(A) 





GRADUATE or POSTDOCTORAL 
RESEARCH ASSISTANT required for 
1i years in the Department of Micro- 
biology for an M.R.C. research project 
on cytomegalovirus immunovirology. 
Laboratory experience in virology 
essential. Applications, with full cur- 
riculum vitae and the names of two 
referees, to the Secretary, Guy's Hos- 
pital Medical School, London Bridge 
SE! ORT. quoting Ref, M.C.2. 
9553{А) 





POSTDOCTORAL RESEARCH POSI- 
TION immediately available for a 
young PRD. in Biochemistry  in- 
terested in working on Interferon. The 
project includes specific aspects of the 
molecular biology of induction and 
mechanism of action of Interferon. 
Experience in nucleic acid research 
including hybridisation апа cell-free 
translation would be helpful. Appli- 
cants should send their curriculum 
vitae, bibliography and the name and 
address of two referees to: Dr Jean 
CONTENT, Institut Pasteur би 
Brabant, 28 ru де  Remorqueur, 
B 1040-BRUSSELS, BELGIUM, 
9558(А) 





Ph.D. PHYSIOLOGIST 
with special interest in reproductive 
physiology wanted to direct gynecologic 
endocrine laboratory at Tufts New 
England Medical Center Hospital. Send 
curriculum vitae to: Martin Farber, 
M.D.. Associate — Professor— Depart- 
ment of Obstetrics dnd Gynecology, 
Director-—-Division of Reproductive 
Endocrinology, Tufts New England 
Medical Center Hospital, 37 Benner St, 


Boston, Mass. 02111. 
An Equal Opportunity Employer 
M/F. 9500(A) 








UNIVERSITY COLLEGE OF 
NORTH WALES, BANGOR 


Applications are invited for the post 
of LECTURER IN MATHEMATICS. 
Applicants should have research ex- 
perience and publications in Pure 
Mathematics, preferably in an area of 
TOPOLOGY. 


The appointment, on 


to commence 


October 1. 1979, will be to the 
Universities’ Lecturer scale: —£3,883 
to £7,754 per annum. 

Applications {two copies), giving 
details of qualifications and experi- 
ence, together with the names and 


addresses of three referees, should be 
sent to the Assistant Registrar (Per- 
sonnel), University College of North 
Wales, Bangor, Gwynedd LLS7 2DG. 
fram whom further particulars may be 
obtained. 

Closing 
February 28. 


applications: 
9412(A) 


date for 


1979. 


i 








SWINBURNE COLLEGE 
OF TECHNOLOGY 
Hawthorn, Victoria, Australia 


Applications are invited for 
appointment as 
DEAN 
FACULTY OF APPLIED SCIENCE 

The appointment will be made either 
by contract, for at least three years, 
or on a permanent basis. If necessary, 
appropriate repatriation arrangements 
will be made for a contract appoint- 
ment. 

Swinburne is a tertiary institution 
currently affiliated with the Victoria 
Institute of Colleges, and with a large 
measure of autonomy. The Faculty of 
Applied Science offers courses at 
undergraduate and postgraduate levels 
in fields of Applied Chemistry, Bio- 
chemistry, Biophysics, Computer 
Science, Instrumental Science, Mathe- 
matics and Environmental Health. It 
has an academic staff of about 60 and 
approximately 550 cooperative (sand- 
wich) full-time and part-time students. 
Qualifications: Candidates should hold 
formal qualifications, preferably at 
postgraduate level, in a field of science 
appropriate to the activities of the 
Faculty. In addition, they should have 
had considerable experience in pro- 
fessional, industrial or research activi- 
ties and in tertiary education at а 
senior level. 
Salary: $A33,059 
rate SAT-:£0.57. Stg. 
Duties: The successful applicant will 
exercise responsibility for academic 
leadership and administrative coordina- 
tion in the Faculty of Applied Science, 
The Dean is expected to Haise with 
outside industrial and professional 
groups, 

Further information 
position, conditions of 
and application 
obtained from 
Commonwealth 
36 Gordon 

Ciosing date: April 6, 1979. 

OSTTLAY 











{current exchange 


approximately), 





about — the 
employment 
procedure may be 
the Association ol 
Universities (Appts), 
Square, London WCIH 


HAMBURG UNIVERSITY 
West Germany 
TECHNICIAN 

required to join a team involved ir 
polynucleotide chemistry and bio 
chemistry. The post is particulari 
Suitable for a person who would no 
Hike to do routine work but to takı 
part in an interesting and intensive 
research programme. Experience witt 
nucleic aci chemistry (oligonucleo 
tide synthesis) is desirable. 

Salary: DM 28.000 per annum. 

Personal details and details of quali 

fications, experiences and curriculum 
vitae should be addressed to Professo 
Dr Н. Köster, Universitit Hamburg 
2 Hamburg 13, Maruin- Luther-King 
Plaz 6 (Institut für Organische Chemh 
and Biochemie. 95730A) 








UNIVERSITY OF SURREY 
DEPARTMENT OF 
BIOCHEMISTRY 
RESEARCH OFFICER 


Applications are invited for th 
position. of Research Officer to wor 


on a project concerned with tumour 
of the central nervous — System 
Applicants should be graduates о 
equivalent and have some ex 
in biochemical analytical technique 
preferably including radioimmun«c 
assay and fluorimetry. 

The appointment is for one year : 
a salary on the Range 1B scale (£3,38 
to £4,882 per annum), 

Applications in the form of 
curriculum vitae, including the name 
and addresses of two referees, shoul 
be sent to the Staff Officer, Universit 
of Surrey, Guildford, Surrey, GU 
5X. by March 2, 1979. Furthe 
details may be obtained from the Sta 
Officer on Guildford 71281, ext. 45: 

9567(А) 
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MSD 


CHIBRET 








FREE UNIVERSITY 
AMSTERDAM 


Applikant aro invited 
or tho position of 
PROFESSOR OF GEOMETRY 


His main tasks will be to do research 
and to teach (and to stimulate and 
ronduct both research and teaching) 
in an area of geometry which links 
ip with the research in at least one of 
be folds of analysis, set-theorctical 
topology or algebra which is going on 
п the department А first preference 
wil be given to tbose mathematicians 
for whom differential geom 15 part 
of their research interest, t also 
ather goometers aro invited to apply 


The mathematical department of the 
ree University has a student enrol- 
ment of approximately 300 and has 13 
professorn in and applied mathe- 
«natics and further staff members. 


The Free University of Amsterdam, 
Netherlands, a fully state- 
subeldised, private univorsity, and was 
founded аз а non-denominational 
"Chrutian {nsutute. Ita charter speaks 
Christian idea of service as the 
University’s guxkng principle Appli- 
cantas are Invited to state their posi- 
tion with respect to this principle 


If desired more information can be 
obtained by wnting to Professor M A 
Maur:oe, Bükundig Seminanum der 
Vriye Untverntert, De Boelelaan 1081, 
Amuerdam, The Netherlands 


wants are requested to submit, 
wit three weeks after the appear- 
ance of this issue, curriculum vitac 
ind Imt of publications, mentioning 
1umber 310-2458:  dienst Persone- 
XAraken, Vrie Universitert, PO Box 
1161, :1007 MC Amsterdam, The 
Netherlands. 9502(A) 





MERCK SHARP & DOHME CHIBRET 


a subsidiary of one of the leading pharmaceutical research organization 
ls saeking a 


director of pharmacology 


The person appointed will report to the Director of Research and will lead ‚а Research team of 15 sclentists and tachnictans 
presently working in the following fields : 


For confidential consideration please sand a detailed resume with curriculum vitae to 
THE DIRECTION DU PERSONNEL ‘ 
200, Boulevard Etienne-Clómentel . 
63018 CLERMONT-FERRAND CEDEX (FRANCE) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


COMMONWEALTH INSTITUTE OF 
BIOLOGICAL CONTROL 


INFORMATION OFFICER 
London SW7 


Duties: To asst in the preparation of 
a new journal containing abstracts and 


news items of interest to control 
sclentuts emplo biol contro] 
This will include selection of relevant 


abstracts prepared by other CAB unius, 
writing new abstracts and news items, 
and providing information in response 


Location; 

Loca: : The officer will be accom- 
modatod at the Commonwealh Institute 
of Entomology, 56  Quoen's Gate, 
London SW7, and work alongside the 


' staff of that Institute. 


IGeathome: An honours degree in 
blology and preferably experience in 
pest control. A knowledge of onto 
mology тоц be an advantage, as 
would a working knowledge of one or 
more foreign languages. The ability to 
h is essential 


p annum plus Inner London Weight- 
ng of £465 per annum, pius a com- 
pensatory allowance (taxable but not 
superannuable) of 3% to offset 
personal contribution to Superannus- 
Чоп Scheme. Starting salary according 
to qualifications, experience and age 
Application forms and full particulari 


' from the Executive Director, Common- 


wealth A«ncultura] Bureaux, Farnham 
House, Farnham Royal, Slough SL2 
ЭВМ, to whom completed applications 
(ın duplreate) shoukd be sent by 
March 15, 1979. 9582(A) 


-OCULAR PHARMACOLOGY 
- BIOCHEMICAL PHARMACOLOGY 
- PHARMACOKINETICS AND DRUG METABOLISM 


The applicant should have a Ph.D. level or equivalent qualification and proven expertisa pharmacological and biochemical Ressarch. 
A practicing knowledge of both written and spoken French and English is required. | 
The new, modern Resserch facility is located in pleasant surroundings at RIOM, FRANCE in the PUY-DE-DOME. 



















956A) 


TEACHING APPOINTMENTS 


UNIVERSITY OF SINGAPORE 
and 
NANYANG UNIVERSITY 


Applications are invited for teaching appointments, ranging from 
Lectureships to Professorships, in the following departments of the 
University of Singapore and Nanyang Unrvernty. 


University of Singapore 


(0 Department of Botany—Candidates should have a PhD. degree 
in Plant and/or Animal Biochemistry, with a good knowledge of 
ultra structure reeesch, cytology, cytogenetics and biological 
functions. Preference will be gryen to candidates with some 
teaching and research experience in these fields, 


(и) Department of Chemutry—Candidates should have a PhD degree 
in Chemistry, preferably with specialisation and teecbing/industrial 
experience in applied chemistry. 


(in) Department of Zoolo, xiates should have a PhD degree 
ш molecular and biology, developmenta] biology, or manne 
10logy 


Nanyang University 


a tment of Славин npr i should have a PhD degree in 

екі of in nx: chemustry, preferably in organometallio chemistry 

Knowledge of dustrial or environmental applications will be an 
vantage 


Gros’ monthly emoluments m the range from 931,445 to 8$5,775 
approx, point of entry depending on the oandidate's qualifications and 
experience and level of appointment offered. In addition, the University 
pays а 13th month annual allowance of ons month's salary in December 


UNIVERSITIES Candidates should write to the Registrar, Unrvermty 
of Singapore, Kent esca, Singapore 5, ог the Requxrar, Nanyang 
University, Upper Rosd, Singapore 22 (as applicable) prins 
curriculum vitae (ie S with full personal and also the 
name and addromes of threo referces§ ( tes pis duplicate 
applications if they wish to apply to both Universities.) 9536(A) 
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Graduate 


Bi : | i 1c 
The Pharmaceuticals Divislon of Impenal 


Chemical Industries ts seeking a graduate 
biochemist to join a research team that is 


Investigating abnormalrtes of hormonal 


regulation in disease processes The post 
requires a biochemist wrth a high level of 


inrtiative and commitment to the application 
of biochemistry to drug research Applicants 
should have a minimum of two years post 
graduate laboratory expenence 

Our modem research laboratories are . 
srtuated in pleasant surroundings, but within 
easy reach of main road and rail routes 


M.R.C. CLINICAL RESEARCH ‘CENTRE 
(Northwick Park Hospital) 
Watford Road, Harrow 
Middlesex HA1 3UJ 


A SENIOR POSTDOCTORAL PHYSIOLOGIST 


Ths is a 


new appointment to work with Dr Michael on high 
pressure жып in non-homan primates Ths ас пена will 


такс а major part in the development of a national pressure chamber 
facility which will be used for studying the high pressure neurological 
zyndrome and пз ameboraton by anacsthetics 


Potential ‘applicants are invited (о visit informally the Clinical Research 


Centre and to 
applying 


discussa their research 


xicas with Dr Halsey before 


Thur is a limited term appointmegt and the salary will be in the range 


£4,832 to £6,530 (including London Allowance). 


Dr: Halsey can be 


contacted for farther details (tel 01-864 5311, ext 2452) and application 


forms are obtainable from Mrs 
101/1/4281 


UNIVERSITY OF LONDON 
KING'S COLLEGE | 
LECTURESHIPS IN 

GEOGRAPHY 


Applications are invited for appoint; 
mort to TWO additional Lectureah 


of inim wil be 

юп con- 
паегоа, scat als will involve 
amistanco with qoantitative practical 
clases Tho lecturers appointed wil 
be under the of, 30 in order to 
preervo a 


among d iet 
wil be in thc range £3,883 
to 34 per annum (under review), 
pins PUD per annum Londón Allow- 
ance... Universities Superannuation 
Schade contributions will be payable 
Application forma and general in- 
formation on “ће Department’ may be 
obtained by writing to The Assistant 
о Unrvermty of London King’s 
lego, Strand, London WC2R 2LS 
Applications, in triplicate, including a 


detailed Curriculum — Vitae, should 
reach the Assistant Registrar by 

* 1l, 1979, quoting ‘reference 
191656/N. 9513(A) 


, receiving 





quoting ref No 


Tucker-Bull, 
н 954465) 





UNIVERSITY OF LONDON 


INSTITUTE'OF PSYCHIATRY 
A GRADUATE RESEARCH 
« ASSISTANT 


i$ required to join the London toam 
of the, Crom National (US/UK) 
Study This study із investi 
outcome for selected elderly people 
residentia] or day care in 
London and New York It ıs the latest 
in a series of studies conducted by 
multalisciplinary teams in 
cities. p 


The post yıll involve (а) participe- 


“pon in fisidwork, particularly in the 
behavioural 


collection of data using 
obecrvation methods and (b) asesting 
with the preparation for analyss of 
interview and observation data It и 
likely to be of interesf to graduates 
the behavioural or social sciences 
who wish to gain expenence in social 
and cpidemiologice! research methods 


Those wishing to work pert time: 


will, be conmdered for-thu 


post.’ : 
Salary £3,384 to’ £4,882 plus £450 


London Weighting 
Apploation forma and , enquifiow. 
Mrs B "Robinson, 7 Windsor Walk, 
London SES Telephone 01-703 0417. 
9515(A) 


ting the, 


tho two: 
. lopeal aspects of 





Conditions of service, salary and assistance 
to mamed staff in moving house are designed 
to attract and retain staff of high calibre. 


Please write grving details of аах 
апа expenence to: 


Mrs. D. Bass, Assistant 
Personnel Officer, Impenal 
Chemical Industnes Limited, 


; Pharmaceuticals Division; 
. Mereside Research 


Laboratones, Alderley Park, 
Nr. Macclesfield, Cheshire 


9554(A) 





BEDFORD COLLEGE 
(University of London) 
HISTOLOGIST 
TECHNICIAN (ORADE 5) 


DEPARTMENT ОР OF ZOOLOGY 
to amist in the research of Academic 
Staff both with routine histology and 
the preparation of matenals for eloc- 
tron microscopy. The person appointed 
wil be expected to asust with under- 
graduate practical classes and post- 

uates requiring instruction ш 
ologxcal techniques. Previous erx- 
perience is essential 

Salary range (under review)- £3,186 
to £3,720 per ann plus £465' per 
aoum London Weighting 25 days 
annual leave plus statutory holidays 
Season ticket loan scheme 

Appheation forms available from 

Secretary 


* the or Assistant 


(Per- 
sonnel), Bedford Coll Regent's 
Park, London NWI ANS (Tel, 01-486 
4400, Ext 312) 9514(A. 





UNIVERSITY OF 
SOUTHAMPTON 
MEDICAL ONCOLOGY UNIT 
Applications are invited for Pri ae 


of esoarch t in the 
Oncology ' Опи! at Southampton 
General Hospital to work on immuno- 


cancer and * other 

Preference will be given to 
dios who have ether some 
experience of | immunologecal 
radio-isotope techniques or an honours 
degree in biochemistry or а’ related 
subject The successful applicant will 
be expected to start аз вооп as pos- 


sible 
w avaliable for 24 yours 
in the 


instance 
Salary on scale 1B, £3,384 to £4,882 
per annum ' 

Applications (three copios. should 
be sent to Mrs Р Vaughan-Smith, The 
Univernty, Southampton SO9 SNH, 
as soon as possible quoting reference 
1054/R/Na 9504(A) 


GRAVITATIONAL-WAV 
DETECTION AND 
'* , EXPERIMENTAL 


r 


GRAVITY—CALTECH 


The Calfornia Insutute of Ti 
nology is creating а new reso 
group in gravitational wave detec 
and experimental gravity Various 
vestigations related to gravitat 
radiation are bemg planned, ш 
laser interferometry, cryogenic е 
tronics, or other techniques, and : 
related experiments over a 7,600 1 
metre basel{ne between California 
" Scotland: may be performed 
group ‘will be in a good position 
close collaboration with Calta 
gravitation theory group, and also 
Ppurwuing gravity experiments in sp 
in амосапоп with Caltech’s 
Propulsion Laboratory, 
: ines anal eae outsta 
ing experimen р ists, engine 
or technicians who might wish to^ 
this new group It m anticipated | 
the following types of appointm 
may be made in 1979 and 1980. 
woarch staff at levels equrvalent 
assistant, associate, or full profe 
but without feaclung duties, ass 
professorships, postdoctoral fell 
ships, and technicians Inquiries fi 
women and minonties are particul 


en 

ев —- including ситса 
vitae, liste of publications, and let 
of recommendations sent independa 
тоша be sent to Professor Ror 
Drever, ҮРЕ Caltech, Р 


UNIVERSITY OF OXFOR 
DYSON PERRINS (ORGANIC 
CHEMISTRY) LABORATORY 
DEPARTMENTAL: 
ASSISTANT ' 


Applications аго invited fr 
organic chemusts of postdoctoral sii 
for the post of Department Asut 
from “September 1, 1979 

The salary will be on the x 
£3,883 to £4,882 per annum accord 
to age and experience and w 
membership of USS 

The appointment 
period not exceeding two усап | 
the successful applicant will 
expected to collaborate with one 


Further particulars may be 
from the Adminutrator, 
Laboratory, South Parks Road, Oxf 
OX! 3QY, to whom зерре бора x 
the names of two 
sent by Feb 28° 


UNIVERSITY OF 
| BIRMINGHAM 


Dental School 
DEPARTMENT OF ORAL 
PATHOLOGY 


RESEARCH FELLOW 


Postdoctoral . Research Fellow 
wired to continue a project into 
dewalopment of i vitro methods 
testing tho toxicity of dental mater 
Previous experience of cell cult 
and quantitative cytochemical te 
niques would be an advantage, bu! 
not emential The promot is for th 
years and would carried out 
paraliel with other т vivo prok 

currently in progress 
Salary on the scale £3,883 to £6, 


‚ Plus superannuation 


Further ulars available f: 
ar? The De 
School, $ 
B4 


to whom ap 


should be sent by February 28, i6 
SIXA 
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free university 


amsterdam 


The Faculty of Mathematics and Natural Sciences, experiments with an advanced · 
teaching programme on "contemporary problems in the preeent relation between 
science and society, of which the results may be relevant to problems of science 
policy." 

The teaching focusses on energy problems Physical and Chemica! expertise is 
given by the reepectrve departments. There 18 a vacancy for a specialist on social 
and economic aspects of the energy problems, within the Unit for the History and" 


Social Aspects of Science: 


lecturer. 
(up to 31 December 1980) 
Task 


— teaching social and economic aspects of the energy problem 
— malntaining contacts with the science departments 


Requirements: 


— expertnese in socio-economic aspects of the energy problems 
— research experience and publications 


— teaching ability in this flekd 


The Vrije Universitert Is a fully state-supported university with a Christian foundation: 
candidatee are expected to indicate their willingness to respect, and work in the 
spirit of the Christian character of the university. 

Salary between Dfi. 48.000 and 85.000. Applicant may start immediately. informahon 


on the content of the teaching programme will be given by prof dr. E Boeker, ' 


tel 020 - 548 47 36 


All further information will be given by the chairman of the Unit, 

prof.dr. M.J.S. Rudwick, tel. 020 - 548 29 86 

Whitten applications with curriculum vitae, list of publications and 2 references 
should be sent to dienst Personeelszaken van de Vrije Universitet, Postbus n 81, 
1007 MC Алгай, уасапсу пг. 380-0019. 


9603 (А) 








MEDICAL RESEARCH 
COUNCIL 
Laboratory Animals Centre 


NUTRITIONIST 


Solentists with postdoctoral] research 
qpenence in the nutmtion of labora- 
wy animals, farm livestock or poultry 
7e invited to apply for the post of 
сай of the Centre's Nutrition - 


ndertake research into‘the nutritional 
‘quirements of laboratory animals 
ading to general unprovements in 
utrition with particular emphass on 
feeding performance and the lowering 
4 mortality rates He or she will also 
rovide a comprehensive advisory 
‘Trice to diet manufacturers and users 
f laboratory animals 


Excellent conditions of service, 
tract a salary commensurate with 


ге, 1бсапопз and relevant experi- 
хе. | 
Applications, — encloung а full 


итюшшп vitae, should reach the 
irector, Laboratory Animals Centro, 
dedica! Research Council Laboratories, 
‘oodmansterne Road Carshalton 
итеу SM5 4EF by March 1, 1979 
9501(A) 


'three years 





THE UNIVERSITY 
OF LEEDS 
DEPARTMENT OF 
BIOCHEMISTRY 
Applications are invited for a 
RESEARCH 


temporary post of 

FELLOW ın the above Depdrt- 
ment from biochemusts or chemisis 
with an interest in ‘metalloproteins 
to work on & project, supported by 
the Science Roeearch Council, on 
the equilibria and' kinetics of 
oxygen binding by respiratory 
roteins and their &ubunits in col- 
jaboration with Dr E J Wood 
Candidates should posses a PhD 
degree. The appointment wil be 
made for a fixed period of up to 


Starting зајагу in the rango 
£3,883 to £4,382 on the 1A scale 
for Research and us Staff 
(£3,883 to £6,555) under review) 
according " 


may be 
to 


instance 
Я Wood бене, (0532) 
, Extn 50 
lication forms and further 
Mer Li pers may be obtained from 
the Regimrar, The University, 
Leeds LS2 9JT, quoting reference 
number 83/18/D Closing date for 
applications: 





AGRICULTURAL RESEARCH COUNCIL 


POULTRY RESEARCH CENTRE 
King’s Buildings, West Mains Road 
Edinburgh EH9 3JS, Scotland 


HIGHER SCIENTIFIC OFFICER 


драбы are invited for the post within the HSO sade: Band II 
in Reproductive Physiology Department at the above Centre. 


Initially the successful candidate will be required to participate in the 
development and use of in vivo and in vitro systems to study lipogenesis, 
про ein metabolism and related metabolic processes in relation to the 

uction and control of egg-yolk constituents by the liver of tbe 
domestic fowl. 


Previous experience in the use of enrymaünc азау techniques, deter- 
mination of intermediary metabites and methods of protein analysis is 
desirable 


Qualifications Degree, Н N.D./HN C or equivalent in Biochemutry/ 
Chem'ztry with at least 5 усаг» relevant post qualifying 
Knowledge of related disciplines, e.g. physiology, endocrinology would 
be an advantage 


' Salary. In scale £4,101 to £5,448 22 days annual leave рш 10} da 


public/privilege holidays A non-contributory pension scheme is th 
operation 


Application forms may be obtained from the Assistant at the 


above address These ahould be returned to her not later than 
28, 1979 Please quote Reference No. PRC 795. 9557(A) 





` CENTRAL ELECTRICITY 
RESEARCH LABORATORIES 


Kelvin Avenue; Leatherhead, Surrey, KT22 78E 


RESEARCH OFFICER 


ENVIRONMENTAL PHYSICS SECTION 


' The Environmental Physics Sectidn, whose role at СЕВЕ is'to study the 
physical, meteorological, and mathematical aspects of the dispersion and 
fate of atmospheric emissions from power stations, requires a graduate/ 
postgraduate physicist to undertake research on certain aspects of the global 
CO, problem These relate to the takeup of CO, at natural surfaces such as 
vegetation, forests, and the sea, as part of a programme to study the ground 
level deposition of airborne species like SO,, NO, CO,, and particulates. 
Accurate methods for measuring the flux of these ‘species ta ground need to 
be developed to study the CO, balance, the effects of air pollution on crops, 


and the transport of pollution over continentat distances 
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, 


The successful candidate would be expected to develop the necessary 
techniques, apply them in field experiments, and establish an informed 
position on the overall CO, problem. He/she would be working with other 
scientists concerned with the dispersion of emissions from power stations 


whose facilities include the latest mobile remote sensors, ground samplers, 


meteorological instrumentation, and data processing 


Candidates should have a good honours degree in physics, preferably with 
post-graduate experience in a relevant field such as environmental science 


or meteorology 


i 


The Laboratones are situated in a pleasant part of Surrey and offer attractive . 
conditions of service, and facilities for the total of 800 Research and Support ' 
staff engaged in a broad spectrum of research into the materials, 
technologies and plant performance problems of the Central Electncity 


Generating Board 


This appointment will be made within incremental salary ranges rising to 
£6035 or £7050 plus a Self-Financing Productivity Scheme payment ranging ' 
between £8 and £17 per month 


Application forms are obtainable from the Head of Personne! Development 
& Services, Central Electricity Research Laboratones, at the above address: 
or telephone Leatherhead 74488 Ext 363, аносир reference number RL/5. 

Closing date 18 Friday 23 February 1979. 


CHAIRPERSON 
Applications аго sought for the 
position of chairperson of the Depart- 


ment of а е Physiology and 
Jowa State Univeruty 
ME ly 1979 Qualifications 


include the Буи and/or PhD de 
grecs, academic ‘leadership potential, 
and demonstrated excellence in teach- 
and research 

applications, including cur- 
reoulum vitae and- bibliography by 
, 1979, to Dr F Ahrens, De- 
partment of Veterinary Physiology and 
Iowa State University, 

Ашы, Iowa 


$0011 


An Affirmatve Action/Equal Oppor-' 
9543(A) 


tunity Employer 





YARMOUK UNIVERSITY 


Irbed—Jordan 

invites applicanons for teaching pos- 
itlons for the academic year 1979-1980 

in the following arcas 
Biologpcal Sciences Embryology- 
Comparative Anatomy, Anima! Physi- 
ology, Microbiology, Plant Pathology, 
Taxonomy-Eoology, Plant Physiology 
Appointments will be at the level of 


Алаізій пі Profemor, Associate Professor - 


or Professor Applicants must hold a 
Ph.D. Placement will be according to 
ence in teaching and research 
range’ $16, to $27,500 (9 
months). Fringe benefits include travel 
expenses at beginning and termination 
of employment and for home leave 
every three years for appointee and 


members of family, health and life 
Insurance, and furnished accommo- 
dation at reasonable cost 9523(A) 











UNIVERSITY OF 
NOTTINGHAM 
MEDICAL SCHOOL 
BIOENGINEERING 


Applications are invited for a newly- 
established post of LECTURER IN 
BIOENGINEERING in the Depart- 
ment of Surgery The Lecturer will 
work in close collaboration with. tbe 


NHS Department of Medical 
Physics, | Queen's Medial Contre, 
Nottingham 

The successful candidate wil] be 


expected to have special experience in 
bioengineering and computer analysis, 
and will help to extend collaboration 
between departments in the Medical 
School and the Department of Medical 


Ph 
j шагу will be within the non- 


clinical scale for lecturers, with 
membership of USS/FSSU. as 
appropriate. 'The successful applicant 
wil be expected to take up the 
appointment as soon as-poenblé 
Those interested in this arc 
invited to write for details and a form 
of application to the Deputy Registrar 
Medical School, Queen's Medical 
Centre, Nottingham NG7 2UH to 
whom completed applications should 
be returned by March 1, 1979 
9469(A) 


1 


9587(A) 


POSTDOCTORAL! POSITION avai- 
able for a 2-3 yo&r study of the role 
of prostaglandins and cyclic nucleo- 
tides ain stimulus-secretion coupling 
Curriculum vitae and two letters of 
recommendation should be sent to: Dr 
R. P Rubin, Department of Pharma- 
cology, Medial Coll of Уйа, 
Richmond, Virginia 23298, US 
9524(A) 





HYDROGAPHER 

The University! of Delaware із seck- 
ing а profesional hydrogapher This 
person will have a pnrncipal role in 
procurement, development and testing 
of a new ocean odd CTD em 
whieh wil include digital 
data storage and computer porci р 
After system development the hydrogra- 
pher will be responsible for its use in 
data collection at sea about 50 days 
per year and for data processing, 
sensor calibration and routine symtom 
maintenance ashore The position re- 
quires a М 5 in physical or chemical 
oceanography or equivalent Shipboard 
experience with: CTD systems, expert 
knowledge of computer processing, and 
basic knowledge of digital electronics 
and computer interfacing are desired 
Selary commensurate with experience 
and ability. 

Send , résumé to’ Mr Wadsworth 
Owen, Unversity of Ern ae 


of Marine Studies, PO 286, 
Lowes, DE 19958 
The Umvermty of Delaware is an 


Affirmative Action/Equal Opportunity 
Employer 9525(A) 


UNIVERSITY OF MALAW? 
Bunda College of Agriculture 


Applications are invited for tb 
following in the DEPAR 
MN OF LIVESTOCK PRODU* 


LECTURER IN 
LIVESTOCK NUTRITION 


Applicants should have а good d 
gree in  Agnculture, or Anm 
husbandry or a related dæcpline, 
Post-graduate qualification Ly 
stock Nutrition. Practical expenen 
in livestock management woul 
advantage. The appointee's major re 

bidity will be to teach appli 
Бары nutrition to Degree аг 
Diploma students who will have take 
courses in Agnculturag| Chemistry аг 


Biochemistry, There are opport 
for research P pute 


LECTURER IN 
ANIMAL HEALTH 


Applicants should have a degree ‹ ‹ 
other recognued University level qw 
lifications in Veterinary Scie 


эз M R.C.V.S.), а 
basic 


or alternatively 


research directed toward the improv: 
men Animal hesith and productic 
under local conditions P 


Salary scale: Lecturer K3,500 › 
K6,600 pa (£l sterling to KI 62). Tt 
Bntish решен 


(sterling) f 
and normally. fres-ot Ine) and опа 

y Tree tax provk 
children's holiday visit passages ап 
education allowances If по Britis 
Government supplement з availabl: 
the University may pay an addition c 
i Men Fe Le ра uab 
in Malawi). Family pasa 


nuation scheme, gratuity ‚ры 
biennial overseas leave, Boian А 
various allowances Detailed applic 


Licants resident in tt 
UK should also send one copy to D 
ter-Un Council, 90/91 Тоне» 
ham Court Road, London WIP 007 
Furher details may be obtained frm 
ether address 947%А) 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts. ALS 27Q 


_ PHYSICIST’ 
APPLIED PHYSICIST or 
ELECTRONICS ENGINEER 


Ph ms data scauintion phases ‹ 


Piy eine pres of Pres cant drougt 


on crop growth. 


Qualifications, Degree, HNC ¢ 
equivalent in physics, apphed physk 
ог = electronic engineoring, wit 
adequate mathematecal. trainmg ap 
experience of electrons cireutry and 


for appointment to the higher grad: 
Dnving Мены particularly useful. 

е, of Scientif 

annurn 

One 015 Ре Beer (24,101 + 
£5,448 num орна 
according to qualifications ап 

ence Non-contributory Mone RD 

Secretar, 


Apply in writing to the 
giving names and addressees of tw 
referees and quoting Ref. 386 t 


1979 Further details o 


March 1, 
9492(A) 


requet. 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 


(University of London) 
DEPARTMENT OF 
IOCHEMISTRY & CHEMISTRY 


& TECHNICIAN is required, with 
wrience of organic synthesis and 
сігоѕсоріс techniques, to work with 
team studying biomembrane struc- 
: and function. 
аіагу on Whitley Council Scale. 
pplication forms, which are avail- 
; em the School Secretary, R.F. 
M.,.8 Hunter Street, London, 
ПМ 'IBP (or telephone 01-837 5385 
t. 10) should be returned by Feb- 
гу 22, 1979, 9464(A) 





UNIVERSITY OF 


LIVERPOOL 


DEPARTMENT OF 
BIOCHEMISTRY 


Applications are invited from Ph.D. 
duates in Biochemistry with experi- 
€ in protein or membrane bio- 
mistry for the post of Postdoctoral 
search Assistant to work on a 
ject financed by the S.R.C. entitled 
ylation and characterisation of 
nine nucleotide transporters of yeast 
tant mitochondria'. The work will 
ölve protein purification, protein 
icture determination on examination 
transport function in reconstituted 
teoliposomes. The appointment will 
tenable for up to two years from 
ie 1, 1979 or as soon as can be 
anged. 

nitial salary either £3,883 or £4,133 
annum. 

\pplications, together with the 
nes of two referees, should be 
eived not later than February 26, 
'ü by The Registrar, The University, 
JY Box 147, Liverpool L69 3BX, 
m whom further particulars may be 
ained. Quote Ref: 471/N. 9495(A) 





NIVERSITY OF WARWICK 
GRADUATE RESEARCH 
ASSOCIATE IN PHYSICS 


Professor P. М. Butcher is seeking a 
il qualified graduate to work with 
x for three years on the theory of 
»ping conductivity in amorphous 
псопаисіогз. The post is supported 
the Science Research Council and 
tenable for three years starting п 
tober, 1979. Initial salary £3,384 
annum on the Range IB scale: 
384, £3,634, £3,883 x £249 to 
631, £4,882 per annum (under 
jew), Applications are invited from 
dents taking their final under- 
duate examinations in June 1979. 
e successful applicant will be 
ected to register for a Ph.D. Appli- 
ion forms from the Academic 
gistrar, University of Warwick, 
ventry CV4 7AL, quoting Ref. No. 
'A^4/79; to be reurned as soon as 
sible. 9496(A) 





INIVERSITY OF OXFORD 
UNIVERSITY 
LECTURERSHIP IN 
ZOOLOGY 


Applications are invited for the 
ve post from candidates in the 
ad of comparative physiology. 
send according to age on the scale 
383 to £8,257 per annum. The 
cessful candidate may be offered a 
xal fellowship at St Hugh's Col- 
» {open to men and women). 
ther details of both posts may be 
ained. from the Acting Head of 
rsartment, Department of Zoology, 
th Parks Road, Oxford OX! 3Р5, 
whom completed applications (nine 
за copies, one from overseas candi- 
2s) including the names of three 
rees should be sent by March 9, 
>. 9497(A) 








TECHNICAL MARKETING EXECU- 


TIVE. Whatman Biochemicals Ltd. 
require a young dynamic person to 
assist the Marketing Manager in 
various aspects of Enzyme Marketing. 
The successful applicant will eventually 
be responsible for selling diagnostic 
enzymes in Western Europe and will 
also be involved in investigating new 
markets for the company’s enzyme 
products. Applicants should have a 
degree in a biological science, pre- 
ferably biochemistry and a strong 
desire to follow a marketing career. 
Some marketing sales experience and 
a knowledge of German and/or 
Italian would be helpful. The success- 
ful applicant will probably һе 
between 25 and 30 years. Applications 
should be made to Personnel, Maid- 
stone, Kent. Tel: 0622 61681. 
9494(A) 





UNIVERSITY OF 


MANCHESTER 
DEPARTMENTS OF BOTANY 
AND ZOOLOGY 


SENIOR DEMONSTRATOR 
IN BIOLOGY 


Applications invited from persons 
with a Ph.D. or good houours degree 
in one of the biological sciences and 
an interest in biological education. The 
main duties wijl be to co-operate in 
the organisation and development of 
ist and 2nd year laboratory classes in 
Cel Biology, Celi Physiology, Gene- 
tics, Ecology and Data Analysis. Faci- 
lities for part-time research will be 
available. The appointment is for three 
years, commencing October 1979, and 
may be renewed for a second three 
year period. Initial salary within the 
range £3,883 to £4,631 p.a. Superan- 
nuation. Particulars and application 
forms (returnable by March 20th) 
from the Registrar, The University, 
Manchester, MI3 SPL. Quote ref: 
18/797N. 9466(A) 


University of London 
READERSHIP IN 
PHYSIOLOGY 
AT QUEEN ELIZABETH 
COLLEGE 


The Senate invites applications for 
the above Readership to be held at the 
Department of Physiology (Head of 
Department: Professor D. L. Yudi- 
levitch, M.D.). The Reader will be an 
experienced physiologist of proven 
research ability. The Department has 
been expanding its research activities 
in the past few years and is now well- 
equipped for studies in its current 
interests, Queen Elizabeth College is 
located in Kensington in a pleasant 
neighbourhood near Holland Park. 

The successful candidate will be 
expected to develop his/her own 
research, supervise postgraduate re- 
search students and to contribute to 
undergraduate teaching. 

Applications (10 copies) must be 
received not later than March 30, 
1979, by the Academic Registrar (N). 
University of London, Malet Street, 
London WCIE 7HU, from whom 
further particulars (including the 
salary scale) should first be obtained. 

9451(A) 


CELL BIOLOGIST, 
PATHOLOGIST, Ph.D., 


with 3 years of postdoctoral experience 
for cancer cells, organ culture and 
SEM, TEM techniques seeks position 
in hospital or industry for applied 
research, preferably in France ог 
Switzerland. Reply to: 


Box No. 9585(A) 
Nature, 3 Dyers Buildings 
London ECIN 2NR 


9585(A) 











RESEARCH CHEMIST 
PHARMACEUTICAL INDUSTRY 


Pfizer Central Research is part of a leading 
international group éngaged in the research, 
development, manufacture and marketing оѓ a 
wide range of human medicinal and animal health 
products. 


We have a vacancy for a chemist to work in our 
Agricultural Chemistry Department. Preferred 


male or female applicants will have:— 


* Qualifications at HNC. GRIC, or B.Sc. level. 

* Several years experience in synthetic organic 
chemistry, preferably in the pharmaceutical 
industry. 
Proven ability as an experimentalist. 

* The ability to work with minimal supervision. 


In return we offer:— 


* Acompetitive starting salary within an 
incremental pay system. 
Varied synthetic work supported by first class 
analytical and library facilities. 

* Modern laboratories within easy reach 
of pleasant seaside resorts, the Kentish 
countryside and Continental Europe. 
Flexible working hours. 

Participation in Bonus, Salary 
Continuance, Pension and Death 
Benefit schemes. 

A flourishing sports and social club. 


If you are interested in this opportunity 
write or telephone for an application form 
to:- Graham Marshall, Personnel 
Officer, Pfizer Centra! Research, 
Sandwich, Kent. Tel: (03046) 3511 


9561 (А) 





LOTHIAN HEALTH BOARD 
BASIC GRADE CYTOGENETICIST 


Applications are invited from science graduates for the above post 
based at the Department of Pathology, Royal Hospital for Sick Children, 
Edinburgh. Experience in human cytogenetics desirable, 


AH types of cytogenetic investigation are undertaken including the 
prenatal diagnosis of chromosome disorders, blood culture analysis, bone 
marrow investigation and the karyotvping of postmortem and spontaneous 
abortion material. A broad training in cytogenetics would be afforded. 


Arrangements to visit the department may be made by telephoning 
031-667 1991, ext. 270. 


Salary scale: £2,991 per annum to £4,899 per annum with placement 
according to qualifications and experience. 


Applications, which should be typewritten, giving particulars of age, 
qualifications and previous experience, together with the names and 
addresses of two referees should be lodged with the Secretary, H 
Drumsheugh Gardens, Edinburgh EH3 7QQ by February 22, 1979. 

9498(A) 


THE UNIVERSITY OF LEEDS 
DEPARTMENT OF INORGANIC AND STRUCTURAL CHEMISTRY 
Applications are ínvited for a post of 


POSTDOCTORAL RESEARCH FELLOW 


from inorganic or physical chemists. Candidates should aiready possess, 
or expect to receive within the next few months a Ph.D, degree. 
Experience in inorganic synthesis or pulse nmr would be valuable. The 
appointee will take part in a project, supported by S,R.C., and will 
prepare and study NEW SOLID STATE INORGANIC PROTON 
CONDUCTORS applicable to fuel or electrolysis cells, hydride batteries 
or electrochromic displays. The appointment will be for a fixed period of 
two years to commence as soon as possible or from October 1, 1979. 


Starting salary in the range £3,883 to £4,382 on the 1A scale for 
Research and Analogous Staff (£3,883 to £6,555) (under review) according 
to age, qualifications and experience. 


Informal enquiries may be addressed in the first instance to Dr A. T. 
Howe, Department of Inorganic and Structural Chemistry (Tel: 0532-31751, 
ext. 6061). 


Applications (quoting reference number 44/5) should be made as soon 


as possible to the Registrar, The University, Leeds LS2 9JT {from whom 
further particulars may be obtained). 95ГА) 


ZOOLOGY 
CHAIRMAN 
GUELPH 


The College of Biological Sclence is searching for a Chairman. 
The department wishes to recruit a scholar with expertise In one 
of the areas of specialization of the department. 


The department has a large undergraduate teaching component 
both as a service function as well as In its own disciplinary area. 
At the graduate level the department specializes in:— aquatic 
sclence, marine blology, parasrtology, environmental physiology. 
fish and wildlife biology, management and behaviour. 


wt 


Salary and rank are commensurate with experience. 


Recommendations and applications should be sent to. 
Secretary, Selection Committee, c/o Professor K. Ronald, Dean, 
College of Biological Science, University of Guelph, Guelph, 
Ontario, N1G 2WI. 


(= 


Position subject to final budgetary approval. 


9526(A) 





(Re-sdvertmement) 


RESEARCH 
SCIENTIST 
THE PHARMACOLOGY OF FEVER 


The National Institute for Biological Standards and Control is а 
recently established rulti-discrplinary Institute concemed with 
the standardisation and control of brologioal! substances 
Important in medicine 


The Instrtute's Drvision of Hormone requires а research scientist 
for a three year appointment for work involving the meohanism 
of fever production, the action of bactenal pyrogens and the 
development of methods for the meesurement of their effects 
The work will provide good opportunrties for collaboration both 
in the UK and intematonally. 


Candidates should preferably poesses а PhD although thoes with 
а good honours degree in pharmacology or a related subject will 
be considered. it is hoped that the person appointed will be able 
to take up the post as soon as possible 


Salary will be in accordance with the scsles for unrversity 
non-dinical lecturing staff and will mutually be in the range 
£4,300 to £6,600 p.a 


Please write or telephone, for an application form 
quoting Ref. No. 0138, to the Personnel Officer, National 
Institute for Blological Standards and Control, Holly 


Hill, Hampstead, London 


NW2 6RB Tel: 01-435 2232, 
“ext. 211. Cloeing dete: 
National Institute for Biologica! Standards and Control 


“С 23.279. 
9562(A) 
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UNIVERSITY OF EXETER 
GEOLOGY DEPARTMENT 
INSTITUTE OF 
GEOLOGICAL RESEARCH 


CONTRACT 
A vacancy exists for 


3 RESEARCH ASSISTANTS 


with interests In Geological mapping, 
to work on the revision of Geological 
Survey Shoets 337 and 338. 

The posts aro tenable for one year 
in the first instance, from August 1, 
1979, with the poasibility of renewal 
thoreafter 

Soccessful applicants will be 
encouraged to register for a Higher 


nong awT: £3,384 рег 
annum (under review) 
Further detauis from Dr E B. 
Selwood, Department of Geology, 
North Park Road, Exeter 9468(А) 


DEPARTMENT OF PHYSICS 
LASER RESEARCH 


Applications are invited for a post 
of Research Associate In the Depart- 
ment of Phymcs for work on опе of 
the following topxa: laser coherent 
Interactions with matter, new gas 
lasers or laser techniques. Previous 
research or development experience in 
related fields is desirable. The post ns 
for two years in the first instance 
Initia] salary within the range £4,382 
to £5,604 per annum Superannuation. 
Application with curriculum vitae and 
the names of two referoos should be 
sent to Dr Т A King, Department of 
-Physice, Schuster Laboratory, Tho 
University, Manchester M13 9PL 

9467(А) 


UNIVERSITY OF OXFORD 
NUFFIELD DEPARTMENT OF 
PATHOLOGY AND 
BACTERIOLOGY 


RESEARCH ASSISTANT 


, Graduate with good honours degree 
required to partcipete in a research 
project in the local and distant spread 
of cancer, The work involves tissue 
culture, enzyme isolation and purifi- 
cation, also studies with radioactive 
isotopes Experence in апу of the 
above techniques wil] be an advantage 
This work : supported by а grant 
from the Cancer Research Campaign 
Salary: (Starting point) £3.634 IU I two 
anual incrementa to £4,133 
Applications together wtth the names 
of two referees to be sent to Dr D 
Tann, Clinical Reader in Pathology, 
Gibson Laboratories, Radcliffe Infirm- 
ary, Oxford, from whom (ишт dotais 
can be obtained 27(А) 





THE UNIVERSITY OF HULL 
DEPARTMENT OF PHYSICS 


A vacancy exists for a Grade 3 tech- 
пклап for duties in a research group 
investigating luminescent compounds, 
involving the use of lasers and asoci- 
ated electronic and optical equipment 
Applicants should possess at least two 
science ‘A’ levels or ONC. and at 
least three yours laboratory experience 
Salary on the scale £2,688 to £3,060 
per annum (under review). 

Applications, куша. Ча амала ы of a 
а tions, e 
names of two reieroos D OR. Teach 
the Technical Staff Officer, University 


of Hull, HU6 7RX, пец Ref No 
TP/1, by February 1 „Further 
particulars are OT iie. 9521(A) 





WESTMINSTER 
MEDICAL SCHOOL 
LEUKAEMIA RESEARCE 


TECHNICIAN 


Applications are invited from s 
able persons for the post of Reece 
Technician ın the Department 
Haematology at Westminster Hi 
The research concerns human 
marrow transplantation and treatm 
of leukaenua The post gives the 
portunity for obtaining the FIMI 
degree by thesis The salary and c 
ditions of employment are compar: 
to those agroed by the Whitby Coup 

Applcations should be sent as s 
as possible to Dr A J Barrett, 
mm of Haematology, Westmir 

Dean Ryle Stroct, SW 1 
te E applicants may visit the lab 
tory by appointment with Dr Barr 
01-828 9811 Ext 2121 





MACDONALD CAMPUS C 


McGILL UNIVERSITY 
DEPARTMENT OF 
PLANT SCIENCE 


ASSISTANT PROFESSOR 
IN HORTICULTURE : 


invited for a temi 
stream position at the I 
fessor level, tenable June 1, 1979. 
PhD in Horticulture with a str 


at tho graduate level Salary will be 
the Asustant Profesor scalo depe 
ing on experienco Deadline for 
cept of applications ы Apni 15 
whep the position u filled A comp: 
curnculum vitae and the names 


POLYTECHNIC OF THE 
SOUTH BANK 
DEPARTMENT OF PHYSICAL 
SCIENCES AND TECHNOLOG 
RESEARCH ASSISTANT 


required to work with Dr D Ram 
and Mr G. Beattie on the opti 
photoelectric and allied properties 
thin films in vacuo. 
Salary scale, including Inner Lon 
Allowance, £3,087 to £3,261 
Apply by lettec to Dr D. Rand 
Dept. of Physwal Sciences and Tr 
nology, Polytechnic of the South Вә 
Borough Road, London SEI ОАА 
9547(A 


THE UNIVERSITY OF LEEDS, 
partment of Plant Sciences Grad 
Technian in Electron Microsc 
Applications are invited for the ab 
post The person appointed will be 
charge of the maintenance and p 
aration work concerned with a reses 
and teaching facility which inch 
three transmision electron Microsc 
Siemens Elmuskop 1A, an A 
6B and a Siemens 1 

electron microscope ( 
and ancillary equipment. Applic 
should possess an H.N C. or equite 
qualification and have had риа 
relevant experience. Salary оп the 1 
£3,654 to £4,365 a yoar. 1зса! 
with the names of two referees 
full details of qualifications and p 
toal experience should be aubmittec 
Fobruary 16, 1979 to The Secret 
ent of Plant Sciences, Ba 
Wing, The University, Leeds 1.52 ‹ 
9548(4 
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STDOCTORAL POSITION avarl- 
e unmedistely for the study of 
lar immune responses (especially 
jummune phenomena) Experience 
h techniques of cellular immun- 
Xy апа tuus culture highly dewir- 
с. Salary $10,000 and up depending 
experience, Send curnculum vitae 


eortunity/ Affirmative Action - 
yer 


CELLULAR IMMUNOLOGY 
GROUP 


^ostdoctora| research амзап! re- 
red to collaborate on a project for 


years st the etes 
antigen-la cells" Experience Bed 
ular immunol ог immunochemi- 


techniques wouid be useful Initial 
ary range pa: £3,883 to £4,382, 
ng according to e Requests for 
ther detalis and applications (cur- 
ilum vitae and names of two ref- 
os) should be i ea өз 
1 t оңу ni- 
siy o of Manchester Medical School, 


exter M13 ӨРТ. 9546(А) 


PAPUA NEW GUINEA 
UNIVERSITY OF 
TECHNOLOGY 


DEPARTMENT OF 
APPLIED PHYSICS 


RESEARCH ASSISTANT 


“he Department of Applied Рһупса 
dtes  apphcations from suitable 
‘mice graduates with interests in 
physos or medical ma to 


Teron experience in this field of 
erable, but not essen- 
Possibility of rogisterm for a 
ter degree is available her re- 
the Meld of radiation and georiync 
the fi Чоп 1са, 
Che research wil 
ured to aie in tutorial тое 
about olght bonn. a week. 
Jandidates should be single and be 
pared to live in a  Untveralty 
dents’ hoste] They should be rw 
аке ор Бо position by the end 


a between K7,000 to K8,000 


annum 
Xipphoations should be addressed to 
o Registrar, Papua New Guinea 
1vermty of Tochnology, P.O 793, 
*, Papua New Guinea and should 
a full currxulum vitse, age 
thal каш, dependants, qualifies: 
15, experience, and names and 
dresses of three referees from whom 
ifldential enquiries сап be made 
Applications will close on F: 

1979 An additional copy of appl 
don should be sent to ration 
Commonwealth Unlvernties (A D, 

Gordon Square, London СІН 
е 9481(А) 


JNIVERSITY OF LONDON 


INSTITUTE OF 
NEUROLOGY 
MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


characterise normal and dystrophic 
sma membranes using а combina- 
a of immunological and biochemical 
Salary £3,261 plus £354 
odon weighting per annum. Send 
ыш of exporience plus names of 
» referees іо Dr F аһ, Institute 
Neurology, National Hospital, 
oon Square, London WCIN 3BG 
9482(A) 


ÁGRICULTURAL 
RESEARCH COUNCIL 


INSTITUTE FOR RESEARCH 
ON ANIMAL DISEASES 


A number of vacancies will shortly 
arme for 


JUNIOR ANIMAL 
TECHNICIANS 
m the Small Animal Section of the 
Institute 


a course of 
мк will MI yo bo ce bo. oonikiered. Further 
топура day release up to F.LA T. 

Appointments wil be to Experi- 
Бела Worker Grade, starting salary 
on ce 


lent conditions in 
Ploasant rural surro 


for a single person, if required. 
Non-contributory pension scheme, 
Appbcation Forms oe Secretary, 
Institute for Reseerch Animal 
Diseases, Nr ooo 
Berks , ‘quoting reference 401. 
9316А) 


LINCOLN COLLEGE 
(University College of 


LECTURER IN 


CROP PHYSIOLOGY 


Applications are invited for the poe- 
{ton of Lecturer in the Department 
of Plant Science. Applicants should 
have qualifications and research ex- 
perience in crop physiology, preferably 
combining а sound knowledge of phys- 
ological principles with personal ex- 
perience of crop or pasture production 

teaching at undergradusto and post- 
graduate levels will necessitate com- 
petence in such topics as photosyn- 
thesen, ' water relations, competition 
eto 


Commencing 
qualifications and expenence 
salary scale is: NZ$11,529 to 314,200. 
Travel and removal expenses 
imbursed up to specified йш 1 Now 
Zealand Government Superannuation ш 
available 

Initial enquiries may be made to the 
following now on study leave in Eng- 


stitute, Camb 

Conditions of Appointment are ob- 
tminablo from the muon of Com- 
monwealth Universities (A ), 36 
Gordon Square, London WCIH OPF, 


or from the R of the College 
Applications close оп April 16, 1979. 
9541(A) 


UNIVERSITY OF OXFORD 
RESEARCH OFFICERSHIPS 
IN NUCLEAR AND 
PARTICLE PHYSICS 
The Unrversi poses to appoint 
three Rescarch nion in the Depart- 
ment of Nuclear Physics for a period 
of three years, from October 1, 1979 
or earlier if possible. Salary ассогі- 


ing to age on the University Locturer 
scale (under review) £3,883 to £8,257 


One wil be filled in experi- 
men energy physics and two 
in тн structure physics. 


Further particulars may be obtained 


Applications (one typed copy) includ- 
ing а statement of qualifications, pub- 
Нсапопв and the names of two 
referocs, should reach Profesor 
K W Allen, Department of Nuclear 
Phyncs, Keble Road, Oxford OX! 
3RH by March 15, 1979 (Revised ) 

9518(A) 


City of Glasgow District Council 


MUSEUMS AND ART GALLERIES 


Conservation Officer 
(Scientific) 


Salary Scale: £3,279 to £4,773" 


Applications are invited for a vacancy in a conservation 
science laboratory. Candidates should possess a good honours 
degree in physics, chemistry, metallurgy, materials science or a 
related subject. Museum or research experience would be 
advantageous. 


The successful candidate will work clossly with a large con- 
servation staff and will be expected to develop methods of 
conservation treatment and apply sclen-ific techniques into 
research into museum objects. 


*Including Supplemen- 


Superannuation, Sick Pay and Staff Life Assurance Schemes 
in operation. Removal expenses, legal fees and lodging and 
subsistence allowances payable in appropr.ate cases. 


Appointment subject to medical fitness. Local authority 
salary and conditions apply. 


Further details and an application forn may be obtained 
from The Director, Art Gallery and Museum, Kelvingrove, 
Glasgow G3 8AG (Tel: 041-334 1134). Completed application 
forms to be returned by Friday, February 23, 1979. 


PLEASE QUOTE REF. NA/6/79. 
9489(A) 





WELSH NATIONAL SCHOOL OF MEDICINE 
(Unlversity of Wales) 


Chair of Pharmacology 
and Materia Medica 


Applications are invited from suitably-qualified candidates in any 
branch of the sciences of pharmacology, Includfyg clinical 
pharmacology, for the above Chalr in the Universtty of Wales at 
the Welsh National School of Medicine, Heath Park, Cardiff. This 
post will become vacant following the retrremert of Professor 
J.D P Graham and rt is hoped that the succesef] candidate will be 
able to take up the appointment on October 1st 1979 or as soon as 
possible thereafter 

The salary will be erther within the scale for c'inically-qualified 
Professors—currently up to a maximum of £12,C84 or that for non- 
clinical Professors (currently up to & maximum cf £11,055) with 
participation in the Universities Superannuation Scheme 


Further particulars for the post may be obtained from the Registrar 
and Secretary, Welsh National School of Medicines, Heath 
Park, Cardiff, CF4 4XN to whom applications should be 
submitted by 16th March, 1979. 


8480(A) 
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No. 636 6422 Ext. 


THE UNIVERSITY 


OF LEEDS 
DEPARTMENT OF 
MEDICAL PHYSICS 


Applications are invited for a 
temporary post of either 
RESEARCH ASSISTANT or 
RESEARCH FELLOW in the 
above department. Applicants 
should be graduates with a good 
honours degree and, for appoint- 
ment at Research Fellow level, 
should possess a Ph.D. degree. The 
successful candidate will be 
required to take part in a study 
of bone mineralisation in patients 
with chronic rheumatoid arthritis, 
Mineralisation of, the femur will 
be measured by gamma-ray 
absorptiometry and total body- 
calcium by in vivo neutron activa- 
tion analysis and the person 
appointed will be responsible for 


calibrating the equipment, making 


measurements, collating data and 
improving methods of data proces- 
sing. Candidates should have 
knowledge of radiation physics and 
experience of programming large 
and small computers. The appoint- 
ment wil be made for a fixed 
term of three years. 

Initial salary in the range £3,384 
to £4,133 on either the 1B scale 
(Research Assistant) (£3,384 to 
£4,882) or the IA scale (Research 
Fellow) (£3,883 to £6,555) for 
Research and Analogous Staff. 
Both scales are currently under 
review, 

Application forms and further 
particulars may be qbtained from 
the Registrar, The University, 
Leeds LS2 9JT, quoting reference 
number 92/2. Ciosing date for 
applications: March 2, 1979. 


9474(A) 


If you are a graduate, age 26 or over, with a first or second 
class honours degree plus at least four years' relevant 
postgraduate experience and would like to make a career in 
research administration, a post of 


Scientific 
Administrative 


in the Medical! Research Council headquarters office in 
London should be of interest to you. Research experience in 
fields associated with medicine in the broadest sense and a 
research degree would be an advantage. 
successful candidate is likely to work in the Grants and 
Training Awards Section which is responsible for handling 
all aspects of the project grants, fellowships and studentships 


The MRC is the main UK Government agency for the pro- 
motion of medical research and its headquarters office is 
responsible for the administration of an extensive programme 
of research which is carried out by directly supported staff in 
the Councils own establishments as well as by other 
research workers funded by MRC grants and other awards. 


Salary will be in the range £5,619 to £7,363 per annum. In 
addition there is a pay supplement to compensate for 
contributions to the Council's pension scheme. Subject to 
satisfactory completion of a two years' probationary period, 
the appointment will be established ; there is opportunity for 


Application forms may be obtained by writing to 
or telephoning Miss M. Gale, Medical Research 
Council, 20 Park Crescent, London WIN 4AL (Tel. 


Closing date for applica- 
1979. 


tions 26 February, 
Please quote P. 1002/39. 
9529(A) 
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UNIVERSITY OF MALAWI 
THE POLYTECHNIC 


Applications are invited for the post 
of 


LECTURER IN PHYSICS 


in the DEPARTMENT OF MATHE- 
MATICS AND SCIENCE. Applicants 
should possess a good degree in Phy- 
sics. An interest in Mathematics would 
be an advantage. Previous teaching 
experience will be an advantage but is 
not essential. Appointee will be re- 
quired to teach Physics, Mechanics 
and Electrical Science to diploma level 
in the field of engineering. 


Salary scale: Lecturer K3,500 to 
K6,600 p.a. (£1 sterling to K1.62). The 
British Government may supplement 
salary in range £3,450 to £3,654 p.a. 
(sterling) for married appointee and 
£2,340 to £2,544 p.a. isterling) for 
single appointee (reviewed annually 
and normally free of all tax) and pro- 
vide children’s education allowances 
and holiday visit passages. If no British 
Government supplement is available, 
the University may pay an addition of 
between K1,320 to K1,656 p.a. for Lec- 
turer grade (taxable in Malawi). Fam- 
ily passages; superannuation scheme; 
Gratuity 15% to 25%; biennial over- 
seas leave, housing and various allow- 
ances. Detailed applications (2 copies) 
with curriculum vitae and naming three 
referees to be sent to Registrar, Uni- 
versity of Malawi, PO Box 278, Zomba, 
Malawi by March 22. 1979. Applicants 
resident in UK should send one copy 
to Inter-University Council, 90/91 Tot- 
tenham Court Road, London WIP 
ODT. Further detaiis may be obtained 
from either address. 9480(A) 


UNIVERSITY OF 
WOLLONGONG 
Australia 
PROFESSOR— 
MATHEMATICS (Ref. No. 919) 


Applications are invited for the 
above-mentioned positon which has be- 
come vacant following the retirement 
of the Foundation Professor of Mathe- 
matics, Professor A. Keane. Applicants 
may have interests in any field of 
Mathematics, but the University would 
welcome, in particular, applications 
from those with an interest in Applied 
Statistics. 

Applications close March 23, 1979, 


PROFESSOR/ASSOCIATE 
PROFESSOR—PSYCHOLOGY 


Following the appointment of the 
Foundation Professor of Psychology, 
Professor A. M. Clarke, to the position 
of Deputy Vice-Chancellor, the Uni- 
versity invites applications for this 
vacancy which may be filled by either: 
a Professorial appointment, including 
Chairmanship of the Department, for 
a limited term of four years (Ref. No. 
005) or (b) a tenurable appointment at 
Associate Professor level, with the 
appointee being required to serve as 
Chairman of Department for a mini- 
mum period of four years. (Ref. No. 
991). 

Applicants may have interests in any 
field of Psychology, but the University 
would welcome, in particular, appli- 
cations from those with interests in 
empirically oriented research in com- 
munity, clinical (counselling and ab- 
normal) or social psychology or the 
psychology of human learning. 

Applications close March 9, 1979, 

Salary per annum: Professor 
$A33,061; Associate Professor $A27,916. 

Subject to the consent of the Uni- 
versity Council, professors may under- 
take a limited amount of higher con- 
sultative work. The University reserves 
the right to fil! a Professorial or 
Associate Professorial vacancy by in- 
vitation. 

For all positions, fares to Wollongong 
for the appointees and dependents are 
paid and a relocation allowance is pay- 
able. For a limited term appointment, 
the University would consider con- 
tributing to the cost of repatriation 
on conclusion of the appointment. 

Applications should contain full de- 
tails of qualifications, employment 
history, research interests, publications 
list, and the names and addresses of 
three referees, and should be forwarded 
to the Bursar, The University of 
Wollongong, Box 1144, P.O., Wollon- 
gong, N.S.W., 2500, Australia, from 
whom further information is available 
if required. Please quote the reference 
number of the position, and mark 
envelope ''Confidential--Appointment"'. 
A copy of application should be sent 
to the Association of Commonwealth 
Universities (Appts.3, 36 Gordon 
Square. London WCIH ОРЕ, from 
whom further information may also be 
obtained. 9539(A) 





UNIVERSITY OF 
EDINBURGH 
LECTURESHIP IN 
MICROBIOLOGY 


Applications are invited for a 
newly established Lectureship in 
the Department of Microbiology. 
Applicants should have some ex- 
perience or interest in applied 
microbiology, preferably іп the 
area of agriculture or food. 


Salary on scale £3,883 to £7,754 


per annum, with superannuation 
benefits. 

Further particulars may be ob- 
tained from the Secretary to the 
University. Old College, South 
Bridge, Edinburgh EH8 9YL, with 
whom applications by letter (five 
copies), including the names of 
three referees, should be lodged 
not later than March 7, 1979. 
Please quote Reference 1007. 

9393(A) 











THE UNIVERSITY OF HUI 


DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH ASSISTANT 


Applicants are invited for a ! 
chemist or biological chemist fi 
October 1, 1979 for research un 
the direction of Dr Colin Ratle 
into the elucidation of the sti 
ture and physiological significance 
iron-chelating compounds elabor 
in the mycobacteria. Candidates shc 
have or expected to have obtai 
their Ph.D, before the starting d 
The appointment, which will be 
one year in the first instance, ren 
able for a further two years, is s 
ported by a grant from the SRC wk 
also provides for technical assistar 

Salary will be on the lower part 
the scale £3,883 to £4,882 (under 
view). 

Applications should give full det 
of education, qualifications and 
search experience, together with 
names of two referees and should 
sent by March 7, 1979 to Dr C. F 
ledge, Department of  Biochemis 
University of Hul, Hull, HU6 7 
from whom further details may 
obtained. 9519A 


UNIVERSITY OF 
NEWCASTLE UPON TYN 
DEPARTMENT OF 


GEOLOGY 

LECTURER 
(SEDIMENTOLOGY) 
Applications are invited for 


lectureship — (sedimentology) — tene 
from October 1, 1979, Applice 
should have had research experie 
within the field of clastic sedimer 
jogy. Experience in economic appl 
tions of sedimentology, especially 
this has been gained in industry, wo 
be ап advantage. 

Salary will be at an appropr 
point on the lecturer scale £3,883 
£7,754 per annum according to í 
qualifications and experience. Mem! 
ship of the appropriate Univer 
superannuation scheme will be requi: 

Further particulars may be obtai 
from the Registrar, The Univers 
Newcastle upon Tyne NEI 7RU, v 
whom applications (3 copies) toget 
with the names and addresses of tt 
persons to whom reference may 
made, should be lodged not later t 
March 9, 1979. Please quote refere 
N. 9505(А 





THE UNIVERSITY 


OF LEEDS 
DEPARTMENT OF 
CHEMICAL PATHOLOGY 
DIVISION OF 

STEROID ENDOCRINOLOGY 

Applications are invited for tt 
temporary post of RESEARC 
ASSISTANT for work on 
project, supported by the Wellcon 
Trust, to investigate the productic 
of adrenocortical steroids — ! 
pregnant women, Applicants shou 
possess a good honours degree in 
science subject. Experience  «: 
paper chromotography would be : 
advantage. There may be an oppo 
tunity to register for a high 
degree, and applications will ! 
welcomed from new graduates : 
those who expect to graduate th 
summer. The appointment will ! 
made for a fixed period of up 
two years. 

Salary on the IB scale f 
Research and Analogous Ste 
(£3,384 to £4,882) (under review) 

Application forms and furth 
particulars may be obtained fro 
the Registrar, The Universit 
Leeds LS2 9JT, quoting referen 
number 85/1/D. Closing date f 
applications: March 5, 1979. 

9475(A) 
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UNIVERSITY OF 
CAMBRIDGE 
LECTURESHIP 


Applications are invited for a 
University Lecturer in Botany to 
take up appointment from October 
1, 1979 or as soon as possible 
thereafter. The person appointed 
will be expected to provide teach- 
ing in the field of whole plant 
physiology and/or ecological plant 
physiology and to have research 
interests in the same areas of plant. 
physiology. The appointment will 
be for three years in the first in- 
stance, with the possibility of re- 
appointment to the retiring age. 
The salary is on an incremental 
scale rising from £5,367 to £8,257 
per annum. Applications with the 





THE UNIVERSITY OF 
LEEDS 
DEPARTMENT OF 


BIOCHEMISTRY 


Applications are invited for the 
post of LECTURER in the above 
Department. The person appointed 
will participate in teaching bio- 
chemistry to science and to 
medical students. The Depart- 


ment provides good facilities and 
opportunities for research. The 


appointment will date from 
October 1, 1979. 

Salary on the scale for lec- 
turers: £3,883 to £7,754 (under 
review) according to age, qualifi- 
cations and experience. 

Application forms and further 


xxiii 


MEDICAL RESEARCH COUNCIL 
RADIOBIOLOGY UNIT 


A SCIENTIST 


is required to join a team studying the distribution and effects 


of radioactive materials in animals. 


The appointee will initially 


be concerned with studies on the distribution and dosimetry of 
radionuclides in tissues but other interests in radiobiology will 
be encouraged. Applicants should preferably be well qualified 
in physics or biology and have at least 3 vears postgraduate 
experience in research, Experience in the use of computers 


would be an advantage. 


Salary in accordance with age and experience on M.R.C. 


Grade II/I, £3,883 to £7,754 

negotiations in progress). 
Enquiries or application with 

curriculum vitae and names of 


(as at October 1, 1978, with 


names of two referees should be articulars may be obtained from ae 
sent by March 31, 1979 to the ihe Registrar’ The University, two referees to Dr J. Vennart, 
secretary of the Faculty Board of Leeds LS2 9JT, quoting reference Director, M.R.C. Radiobiology 
Biology ‘A’ Appointments Com- number 83/71/D. Closing date for Unit, Harwell, Didcot, Oxon 


mittee, Department of Applied applications, March 12, 1979. ; м 
Biology, Pembroke Street, Cam- , ee 9367(A) OX11 ORD, by March 9, 1979. 
9591(A) 


MRC 


Medical Research Council 





bridge CB2 3DX, from whom 
further particulars may be ob- 
tained. 953 КА) 





UNIVERSITY OF ZAMBIA 


Applications are invited for 2 posts 
of 


SENIOR LECTURER/ 
LECTURER IN 
ORGANIC CHEMISTRY 


in Department of Chemistry. Appli- 
cants should have a Ph.D. or equiva- 
lent and show evidence of research 
ability. The appointees would be ex- 
pected to teach at all levels, from 
first-level to post-graduate courses and 
to participate in Departmental Re- 
search Programmes. 

Salary scales: Senior Lecturer K7,608 
to K8,016 p.m. Lecturer KS,904 to 
K7,608 p.a. (£i serling=K1.56). The 
British Government may supplement 
salary in range £2,922 чо £4.350 p.a. 
(sterling) for married appointees ог 
£930 to £1,968 p.a. for single ap- 
pointees {reviewed annualiy and 
normally free of all tax) and provide 
children's education allowance; super- 
annuation; medical aid scheme; regular 
overseas leave; three year contract. 
Detailed application (2 copies) with 
curriculum vitae and naming 3 referees 
to be sent to Regisrar, University of 
Zambia, PO Box 2379, Lusaka, Zam- 
bia by March 16, 1979. Applicants 
resident in the UK should send one 
copy to Inter-University Council, 90/91 
Tottenham Court Road, London WIP 
ODT. Further details may be obtained 
from either address. 9483(A) 


THE UNIVERSITY 


OF LEEDS 
DEPARTMENT OF 
FOOD SCIENCE 


Applications are invited for a 
temporary post of RESEARCH 
FELLOW in the above Depart- 
ment. Applicants should have a 
Ph.D. degree, preferably in bio- 
chemistry or chemistry, and have 
an interest іп applying their 
knowledge to the biochemistry of 
foods or to the chemistry of food 
additives. The successful applicant 
will have opportunities to cooperate 
with research institutes and to help 
with departmental teaching. The 
appointment will be made for a 
fixed period of three years. 

Salary on the ТА scale for 
Research and Analogous Staff 
(£3,883 to £6,558) (under review) 
according to age, qualifications and 
experience, 

Interested persons who wish to 
discuss the post in more detail or 
visit the Department should con- 
tact Professor David S. Robinson 
(0532 31751, ext. 540). 

Application forms and further 
particulars may be obtained from 
the Registrar, The University, 
Leeds LS2 9JT, quoting reference 
number 72/3/D. Closing date for 
applications, March 16, 1979. 


9473(A) 





FELLOWSHIPS 





RESEARCH 
FELLOWSHIP 


Firemen’s Health Research — 
Monitoring of ECG and other 


studies 
Scientific Advisory Branch 
Horseferry House, London, SWi 


Senior/Junior Research 
Fellow 


The successful candidate will be appointed to help 
сапу out measurements of heat rate and other 
physiological functions as part of 3 work programme 
investigating stress in firemen's work, The officer will 
help in planning and developing a study programme for 
ECG measurement on groups of active firemen and for 
implementing and maintaining the measurement 
procedures. 
The officer will form part of a small team working on a 
number of aspects of the health of "iremen and will be 
responsible to a Seniar Scientific Officer concerned 
with the research planning of the team. 
The applicants should have an lonours degree ог 
equivalent in human physiology with some practical 
experience in the use of physiological apparatus 
and the measurement of cardia: and respiratory 
function. A background in physcs and chemistry 
would be an advantage. 
Some travel will be necessary. 
The fellowship will be tenable for two years and 
remuneration will be on the scale £3695-£4580 for 
Junior Research Fellow and £5092-£6216 for Senior 
Research Fellow. 
Apply in writing by 16th March, 1379 to Miss 5, M. 
Swinborne, Room 203, Whittington House, 19-30 
Alfred Place, London WCTE 7EA. 

9477(Е) 




























CHARING CROSS HOSPITAL 
BASIC GRADE BIOCHEMIST 


Applications are invited from honours graduates for the above 
post in the Department of Chemical Pathology. 

This is a busy, highly automated department with computerised 
data handling and the successful applicant will be expected to 
participate in all aspects of the routine work. 

Previous experience and/or higher qualifications in clinical 
chemistry would be an advantage, but are not essential. Study 
for further qualifications will be encouraged. 

Informal enquiries and requests to visit the department should 
be directed to Dr O. Swale (Tel: (01) 748 2040 ext 2779 or 
2772). Whitley Council conditions of employment apply. 
Salary scale £3840—£4629 per annum inclusive. Application 
forms from District Personnel Department, Charing Cross 
Hospital, Fulham Palace Road, Hammersmith, London W6 
Tel: (01) 748 2040 ext 2992/3621. 

Closing date for receipt of applications 1 March 1979. 9499(A) 
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FELLOWSHIPS—continued 





M.R.C. CLINICAL RESEARCH CENTRE 
(Northwick Park Hospital) 


WATFORD ROAD, HARROW 
MIDDX. HA1 3UJ 


M.R.C. TRAINING FELLOWSHIPS 


Applications are Invited from suitably qualified graduates to work In any one of the following areas: 


1. Immunochemical analyses of serum Immune complexes, in particular those occurring in E.B. virus infections 
120 (infections mononucleosis) and mycoplasma pneumoniae infections. It is also planned to investigate the possible 
role of auto-anti-idiotypes In the control of the anti-host tissue antibodies (e.g. crythrocyte autoantibodies) in 


these infections. 
2. The neuropathology of mental disease. 
3. Immunopathology of C.N.S. receptors. 


4. Applications of Immunological methods to clinical problems. 


Eligibility requirements: From post-registration up to senior registrar or equivalent academic levels PHD/D.PHL. or 
MSC plus at least 3 years postgraduate expenenca. 


Tenure: Up to three years. 


Stipend: On the current NHS medical (House Office to Senior Registrar) or current relevant academic scale. 


The successful applicants will be required to apply for a medical research training fellowship through the normal 


ДА annual competition for these awards. 


Please send curriculum vitae to Mrs J. Tucker-Bull by FEBRUARY 16th. 





UNIVERSITY OF SASKATCHEWAN 


GERHARD HERZBERG FELLOWSHIPS 
FOR GRADUATE STUDY 


In honours of Dr Gerhard Herzberg, 1971 Nobel Laureate in 
Chemistry, and to commemorate his service to Saskatchewan, 
the University of Saskatchewan offers a praduate fellowship 
valued at $7,000 per annum, renewable for a second year. 
Herzberg Fellows are eligible for a part-time laboratory 
demonstratorship which provides additional remuneration up to 
$2,000 per annum. 


The fellowship is tenable in the Department of Physics or 
the Department of Chemistry and Chemical Engineering by a 
FR AR for a graduate degree in spectroscopy or a related 


Letters of application with appropriate documentation and 
the names of two referees should be addressed to the Dean 
College of Graduate Studies and Research, овез о 
Saskatchewan, Saskatoon, Saskatchewan, Canada S7N OWO. 
Applications for Fellowships for the 1979-80 academic year 


.should be made prior to March 15, 1979. 
9485(E) 








9645(E) - 











RESEARCH FELLOWSHIP 
IMPERIAL CANCER RESEARCH FUND 


We have a vacancy for a postdoctoral Research Fellow 
to join a working group on markers of neoplastic trans- 
formation during ageing and carcinogenesis in vitro, in 
epithelial cell systems. The specific collaborative project 
will be concerned with isolation of hybrids, using 
irreversible biochemical inhibitors, identification of trans- 
formed characters and the association of these characters 
io DNA and chromosome changes. Special experience in 
cell culture or cytogenetic techniques required. 


Appointment will be for three years. Salary according 
to qualifications and experience.: 


+ 


Further information from Dr L. М. Franks (01-242 
0200, ext. 211). Applications with curriculum vitae and 
names of two referees should be sent to The Secretary, 
Imperial Cancer Research Fund, Lingoln's Inn Fields, 
London WC2A 3PX. А 


s 


9555(B) 
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FELLOWSHIPS—continued 





LANCHESTER 
POLY TECHNIC 


Coventry 
Department of Biological Sciences 


Postdoctoral 
Research Fellowship 


(Tenable for up to 3 years from March 1,1979) 
£4,101 - £6,558 

THE JOB: The project is funded jointly by the SRC and 
ICI and involves the development of a method for the 

m vitro culture of perifused hepatocytes supported in a 
3-dimensional matrix and its application to toxicological 
studies 

REQUIRED Expenence in animal cell culture and 
biochemistry Knowledge of cytological procedures would 
be an advantage 

For further Information applicants may contaot 
Dr Sturdee or Dr Crisp by telephoning Coventry 
`(0203) 24166 


Faculty of Applied Science 


Research Assistant. 
in Cardiac Pacing 


(Tenable for 1 year from March 1,1878) 
£3,192 - £3,330 

THE JOB: A statistical survey of patients with artrhicial 
cardiac pscemakers is required to attempt to identify those 
factors which cause а nse of stimulauon threshold in 
certain patients The required collection of data will involve 
close collaboratdn with cardiac pecing centres in a number 
of hospitals 

REQUIRED: Applicants should have either an appropriate 
-Honours Degree, or an appropnate HNC plus relevant 

ence 






























For further Information applicants may contact 
Dr. Economides or Dr Duckers by telephoning 
Coventry (0203) 24166 

For applioation forms and further particulars for 
the above posts please apply in writing enclosing: 
a foolscap stamped and addressed envelope to the 
Personnel Officer, Lanchester Polytechnic, Pnory 
Street, Coventry CV1 5FB, applications returnable 
by February 18, 1979 8404 (Е) 








RESEARCH FELLOWSHIP 
: Imperial Cancer Research Fund Laboratories, 
Mill Hill, NW7 


A postdoctoral Fellow 1s required to join a group working 
,on the genetic and biochemical analysis of certain heat acti- 
vated loci in Drosophila melanogaster, using cloned DNA 


fragments to investigate their ' organisation and expression. 


Experience in molecular biology desirable. 


Appointment will be for three years. Sus with entry 
according to qualiflcations and experience within range £5,332 


‘to, £6,530. 


` Further information from Dr Ish-Horowicz (01-959 3236) 
Applications with curriculum vitae and names of two referees 
should be sent to the Secretary, Imperial Cancer Research 
Fund, а. Inn Fields WC2A 3PX by February 24, 1979. 


9428(E) 





History of Medicine 
Fellowships 


The Wellcome Trust provides grants tor research in the 
history of medicine and maintains Wellcome Units for the 
. History of Medicine in the Universities of London, Oxford 
and Cambndge, the Wellcome Instrtute for the History 
of Medicine in London, and also provides support for a 
small-Unrt at Edinburgh University. 


Applications are invited for research fellowships of up to 
three years, to be held in the Wellcome Units or the Well- 
come Institute. Applicants must hold a doctoral degree 
or an equivalent qualification and have a background in 
history, science or medícine. Applicants should wnte in the 
first instance, outlining their research proposals and 
enclosing their curriculum vitae, to the Director of the Unit 
ап which they wish to work. The addresses of the Units 
are as follows, and letters should arrive not later than 
1st March: 


The Wellcome Institute for the History of Medicine, 
183 Euston Road, London NW 1 2BP. 


Wellcome Unit for the History of Medicine, 47 Banbury 
Road, Oxford OX2 6PE. 


Unitof History of Medicine, University College London, 
Gower Street, London МУСТЕ 6BT. 


Wellcome Unitfor the History of Medicine, Free School 
Lane, Cambridge CB2 3RH. 


The Wellcome Lecturer in the History of Medicine, 
Department of History, University of Edinburgh, 
William Robertson Building, George Square, Edinburgh 
EH8 9JY. 


If the Director of the academic unit concerned agrees to 
support the proposal, it will be forwarded to the Wellcome 


Trustfor a decision on whethera fellowship can be awarded. 
Applicants should wnte to their first choice only. If un- 
successful, the applicaton may be passed to other Unrts 
if the candidate requests it. 


THE WELLCOME TRUST 


1 Park Square West, London NW1 4L. — 9soegp 


APPLICATIONS 
are invited for 
. CHARLES A. REVSON FELLOWSHIPS 
at 
THE HEBREW UNIVERSITY OF JERUSALEM 


The Fellowships are beng offered in the Faculdes of Agriculture, 
Science and Mathematics, Medicine and Dental Medicine (in the pro- 
ткр у V AM. Ihe Schooli of: Thaimacy. and Apybed. Saionco: and 

echno 


The Fellowships, which will be awarded to outstandmg zcholars for a 

of three to four years, are mainly at tne rank of lecturer with a 

imited number also'available at the rank of senior lecturer or above. 

Fellows will be required to-oarry out teaching and research in ono of 
tho above fekis 2. 


Applicants should be resxients of Israel or persons intending to айа 
їп јзгае]. i 


Appointments will be made as from July 1979 and not later tban - 
October 1980 Academically suitable Charles A. Revson Fellows will be 
offered posts as patch lied members at the Hebrew Univernty of 
Jerusalem on of their Fellowships 


Applications accompanied by а full curriculum vitae, list of publica- 
tions, reprnts of three recent Dari names of referees and date 
of availability, should reach Academic , The Hebrew 
Univeraity of Jerusalem, Israel, ur March 15, 1979. 9552(E) 
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FELLOWSHIPS—continued 


DEPARTMENT OF 
VETERINARY PHYSIOLOGY 


UNIVERSITY OF 
EDINBURGH 


S.R.C. funded postdoctoral re- 
search fellowship to join a group 
working on somatosensory mech- 
anisms in the mammalian spinal 
cord. Tenable for three years, 
Starting salary scale point 3 on 


range lA national research salary 
scale, Candidates should be experi- 
enced 
niques. 


in neurophysiological tech- 

Experience in laboratory- 
criented computing will be an 
advantage. 

For further information contact 
Professor A. Iggo, Department of 
Veterinary Physiology, Roya! 
(Dick) School of Veterinary 
Studies, Edinburgh ЕН9 IQH. 

Applications, by letter (two 
copies), giving the names of two 
referees, should be sent to the 
Secretary to the University, Uni- 
versity of Edinburgh, Old College, 
South Bridge, Edinburgh EH8 
SYL, not later than March 2, 1979. 
Please quote reference 5003. 
9532(Е) 





UNIVERSITY OF ABERDEEN 
DEPARTMENT OF 
BIOCHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP/ 
ASSISTANTSHIP 
(Re-advertisement) 


Applications are invited for an 
S.R.C. Research Fellowship to de- 
termine the amino acid sequence of 
pyruvate kinase. The project is a 
collaborative one with the protein 
erystallography group at the University 
of Bristol, and will lead to a detailed 
description of the molecular structure 
of pyruvate kinase. 

The successful applicant will work, 
in collaboration with a predoctoral 
research assistant already in post, with 


Dr L. A. Fothergill’s research group 
which is currently studying the 
structures of four other glycolytic 
enzymes. 


The appointment is available for a 
period of up to three years. Salary 
within Range 1A, £3,883 to £4,882 per 
annum, with appropriate placing. 





Further particulars from The 
Secretary, The University, Aberdeen, 
with whom applications (2 copies) 
should be lodged by March 2, 1979. 

9576(A) 
New Zealand 
UNIVERSITY OF 
CANTERBURY 
Christchurch 
Applications are invited for a 
University 
POSTDOCTORAL 
FELLOWSHIP 
in the following Department. Appli- 


cants should possess a Ph.D. or equi- 
valent degree, preferably followed by 
some research experience. The 
appointee may be asked to undertake 
a limited amount of teaching in addi- 
tien to contributing to the current 
research programme in their particular 
field: 

BOTANY: The fields within which 


the Fellowship may be held are: 
Reproductive biology of flowering 
plants; Soil biomass studies; Fine 
structure and taxonomy of marine 
nanno plankton. 

Applications close on March 31, 
1979, 


The emolument will be NZ$8,500 
per annum. Fellowships are tenable for 
one year. 

Further particulars and Conditions 
of Appointment may be obtained from 
the Association of Commonwealth 
Universities ghee oM 

uare, London W , 
А 9592(Е) 


Gordon 





MONASH UNIVERSITY 
Melbourne, Australia 
POSTDOCTORAL 
FELLOWSHIP IN 
ECOLOGY-ANIMAL/PLANT 
INTERACTIONS 


The University is offering a 2 year 
appointment to initiate studies in a 
local, natural ecosystem, with primary 
emphasis on the relationships between 
fauna and flora. Examples of possible 
fields of study are ant/eucalypt inter- 
actions, litter decomposition, plant/ 
herbivore systems, etc. The appoint- 
ment is jointly in the Department of 
Botany and Zoology. Applications 
should include a general statement of 
the proposed research. Salary: Junior 
Research Fellow $A13,083 p.a. Travel- 
ling and removal allowance. Assistance 
with temporary housing. Applicants 
should quote reference No. 43065 
Closing date:: February 28, 1979. 

Applications in duplicate to the 


Academic Registrar, Monash Uni- 
versity, Wellington Road, Clayton, 
Victoria, Australia 3168 giving age, 


qualifications, experience and names 
and addresses of three referees, 
9540(E) 





THE UNIVERSITY OF HULL 


DEPARTMENT OF 
APPLIED PHYSICS/PHYSICS 


Applications are invited for three 
research fellowships, which are 
immediately available, for a period of 
up to three. years. 

Department of Applied Physics 

1. A research fellow is required to 
measure the frequency characteristics 
of the current generation of pulsed 
CO, lasers and to devise ways of 
improving their frequency stability 
using techniques such as hybridisation 
and injection locking. 

2. A research fellow is required to 
work on the use of timable multi- 
atmosphere, molecular gas lasers for 
the remote sensing of trace gases in 
the atmosphere. 

Department of Applied Physics/ 
Physics 

3. A research feliow is required to 
investigate the use of ion implanta- 
iont for fabricating fast, photo- 
voltaic, infrared detectors in materials 
such as. HgCdTe. 

These fellowships are suitable for 
graduates with at least three years’ 
research experience in the fields of 
optics and quantum electroni¢s (for 1 
and 2) and solid state physics (for 3). 

Salary scale: £3,883 to £6,555 рег 
annum (under review). 

Applications should give full details 
of education, qualifications and 
research experience, together with the 
names of two referees, and should be 
sent by February 22, 1979 to Dr. E. L. 
Thomas, Department of Applied 
Physics, The University of Hull, Hull 
HU6 7RX from whom further details 
may be obtained. 9520(Е) 





UNIVERSITY ОЕ BRISTOL 
SCHOOL OF CHEMISTRY 


POSTDOCTORAL 
FELLOWSHIP IN LASER 
SPECTROSCOPY AND 
KINETICS 


Applications are invited for a Post- 
doctoral Research Fellowship to work 
on the electronic spectroscopy and 
state to state kinetics of free radicals. 
The project will make use of both 
continuous wave and pulsed dye lasers 
and an inert gas halide laser, and will 
be oriented to problems of astrophysi- 
cal importance. The post is S.R.C. 
funded, and the initial salary will be 
in the range £3,883 to £4,382 p.a. 
(scale under review). Applicants should 
send a curriculum vitae and the names 
of two referees to Professor R. N. 
Dixon, School of Chemistry, The Uni- 
versity, Bristol BS8 ITS, U.K. 

9533(E) 
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THE ANIMAL VIRUS 


RESEARCH INSTITUTE 
Pirbright, 
Woking, Surrey GU24 ONF 


Applications are invited for a 
WELLCOME 
RESEARCH FELLOWSHIP 


tenable for 3 years. The successful 
candidate will investígate the physical 
and chemical structure of рісогпа- 
viruses with the aim of ascertaining 
those factors which determine the 
Stability of the capsid structure of 
foot-and-mouth disease virus. Appli- 
cants should preferably hold a Ph.D. 
degree and have had previous experi- 
ence in virology and protein chemistry 
but students graduating this year are 
invited to apply. Opportunity will be 
provided to study for a higher degree. 
Tax free stipend £4,000 p.a. for 
Ph.D.; £3,000 p.a. for new graduate. 
Applications to the Secretary from 
whom further details can be obtained. 
Closing date: March 15, 1979. 
9595(E) 





UNIVERSITY OF 


ABERDEEN 


DEPARTMENT OF 
CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOWSHIP 


Applications are invited from gradu- 
ates in Chemistry or Physics to work 
wih Dr J L Duncan and Dr D C 
McKean on Infra-red Spectroscopy. 
The successful applicant will under- 
take research on a variety of topics 
using a computer controlled, high 
resolution Fourier transform spectro- 
meter. Previous interactive experience 
wih computers, and an ability to 
develop software and undertake elec- 
tronic maintenance is desirable. 

The post is funded by the Science 
Research Council and is available from 
April 1979. Appointment will be for 
one year in the first instance, with 
possible extension up to a maximum 
of three years. 

Commencing salary within Range 
ТА, £3,883 to £4,382 per annum, with 
appropriate placing. 

Further particulars from The Secre- 
tary, The University, Aberdeen with 
whom applications (two copies) should 
be jodged by February 23, 1979. 

9506(E) 








ASSISTANTSHIPS 





UNIVERSITY OF 


LIVERPOOL 


DEPARTMENT OF INORGANIC, 
PHYSICAL AND INDUSTRIAL 
CHEMISTRY 


THEORY OF VIBRATIONAL 
PHENOMENA IN 
ADSORBATES 


Applications are invited for an 
S.R.C. postdoctoral Senior Research 
Assistantship at an initial salary of 
between £3,883 and £4,382 per annum, 
with superannuation benefits. The post 
is tenable for one year in the first 
instance, and may be renewed for a 
further year. The project is the theo- 
retical study of vibrational phenomena 
in adsorbates including elec energy 
loss spectroscopy, with Professor T. B. 
Grimley. The successful applicant will 
join an active group involved in the 
theoretical study of molecular and 
electronic processes on solid surfaces. 

Applications stating age, academic 
qualifications and experience, together 
with the names of two referees should 
be received not later than March $, 
1979, by The Registrar, The Uni- 
versity, P.O. Box 147, Liverpool L69 
3BX. Quote Ref: 479/N. 9522(P) 











UNIVERSITY OF CALGARY 


GRADUATE 
ASSISTANTSHIPS 
(Teaching and Research) 


Available for students proceeding 
the M.Sc. and Ph.D. degrees in e 
branches of CHEMISTRY and BM 
CHEMISTRY. The assistantships a 
valued at $7,000 to $8,000 p.a. ai 
include remission of program fet 
Travel allowance also available. 

For further information write to: 
Department of Chemistry 
Chairman of Graduate Studies 
UNIVERSITY OF CALGARY 


Calgary, Alberta, Canada 
T2N 134 
Please indicate field of interest. 
9462(P) 





UNIVERSITY OF HULL 
DEPARTMENT OF 
APPLIED PHYSICS 


RESEARCH ASSISTANTSHI 
NON DESTRUCTIVE 
TESTING 


Applications are invited for a r 
search assistantship tenable for a peric 
of up to two years in the first instanc 
with the possibiliy of renewal Tr 
research assistant will be involved i 
the study of magnetic particle inspe 
tion testing and ultrasonic testing of 
wide variety of industria! component 
in collaboration with the Health an 
Safety Executive, Nuclear Inspectc 
Tate. 

Salary scale: £3,384 to £4,882 (unde 
review) together with USS benefits. 

Applications, which should incluc 
the names of two referees, should t 
sent as soon as possible, to Dr S 
Paimer, Department of Applied Ph: 
sics, The University of Hull, Hul 
HU6 7RX from whom further part 
culars may be obtained. 

9465(P) 


THE HATFIELD 
POLYTECHNIC 
PO Box 109, 
Hatfield, Herts. ALIO 9AB 
SCHOOL OF NATURAL 
SCIENCES 
RESEARCH 
ASSISTANTSHIPS 
POST | MAMMALIAN 
PHYSIOLOGY Ref: 167 


There is an immediate vacancy 
for a suitably qualified graduate to 
work for a higher degree on non- 
adrenergic and non-cholinergic 
transmission on the rat gastric 
corpus, The post is tenable for two 
years in the first instance with 
possibility of extension for a third 
year. 

For further details apply to Dr 
K. Wilson, Biological Sciences, 
Telephone Hatfield 68100, extension 


POST 2 ASTRONOMY 
AND EARTH SCIENCES 
GROUP Ref: 168 


Applications are invited from 
graduates with an honours degree 
in geology to work on a contract 
to investigate rock weathering 
sponsored by the Overseas Unit of 
the Transport and Road Research 
Laboratory. An interest in applied 
petrology would be an advantage. 

The appointment will be for an 
initial period of two years with the 
possibility of an extension for a 
further year. The person appointed 
would be expected to register for 
a higher degree. 

The successful candidate will be 
expected to take up the post on 
April 1, 1979, or as soon as poss- 
ible thereafter. 

Informal enquiries to Dr D. 
Cawsey, Hatfield 68100 extension 
283, or write or telephone the 
Staffing Office, extension 309. 

Salary scale for both posts 
(which are superannuable): £2,613 
to £2,700 to £2,787 per annum plus 
£159 local weighting. 

Closing date: February 26, 1979. 

9530(P) 
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ASSISTANTSHIPS—cont. 


PHILIPPS-UNIVERSITY 


MARBURG 
DEPARTMENT OF 
PHARMACOLOGY 

SCHOOL OF MEDICINE AND 
HUMAN BIOLOGY 

Applications are invited for a 
two-year POSTDOCTORAL RE- 
SEARCH ASSISTANTSHIP (DFG, 
BAT ID for work with Dr С, F. 
Fuhrmann on problems of yeast 
plasma membrane  vesicles-—struc- 
ture and function. Applicants with 
interest in membrane research and 


pharmacology should write — to: 
Professor Dr G. F. Fuhrmann, 
Department of Pharmacology. 


Philipps-U niversity Marburg, Lahn- 
berge, D-3550 Marburg, Germany. 
9584(P). 


STUDENTSHIPS 


GLASSHOUSE CROPS. 
RESEARCH INSTITUTE 
invites applications for an 
AGRICULTURAL 
RESEARCH COUNCIL 
STUDENTSHIP 
enable at the Institute for three years 
or work on the potential of the insect- 
vathogenic muscardine fungi to control 
hrips and  leafhoppers. Minimum 
qualification first or upper second class 
wnours degree in biological subjects 
vith emphasis on microbiology, par- 
icularly mycology. Interest in biologi- 

ral pest contro! desirable. 

Application forms and further 
yarticulars obtainable from Secretary, 
3.C.R.L, Worthing Road, Rustington, 
wittlehampton, Sussex BNI6 ЗРО. 
Mosing date for applications February 





6. 9849(F) 
AGRICULTURAL 
RESEARCH COUNCIL 
STUDENTSHIP 
Applications are invited for ап 
A,R.C. postgraduate studentship ten- 
thle at the Meat Research Institute 
ог research into the viscoelastic 


»operties of semi-solid foodstuffs. 
The work will involve a study of 
he transmission of mechanical pulses 
hrough foods and computer analysis 
of transient sresses generated with an 
‘nstron materials tester. 

The project is expected to form the 
sis for a Ph.D. thesis at the 
Jniversity of Bristol and the appoint- 
nent will commence in October 1979. 

Candidates should possess a First or 
Upper Second Class degree in Physics 
x a related subject. 

Further particulars of the award and 
allowances together with application 
'orms may be obtained from the 
Personnel Officer, Agricultural 
Research Council, Meat Research 
Institute, Langford, Bristol В518 70Ү. 

9484(F) 


PLANT BREEDING 
INSTITUTE 
Maris Lane, Trumpington, 
Cambridge CB2 2LQ 
CYTOGENETICS/PHYSIOLOGY 





DEPARTMENTS 
POSTGRADUATE 
STUDENTSHIP 

Applications are invited for an 
Agricultural Research Council post- 
graduate studentship leading to a 


Ph.D. in the University of Cambridge 
Dctober 1979, to work on the genetics 
ind biochemistry of protein compo- 


yents relating to bread quality in 
wheat. The student required should 
nold a first or upper second class 


honours degree in a biological science 
in which genetics and biochemistry 
'eature strongly. 

Remuneration will be in accordance 
with the Agricultural Research 
Council! Regulations Governing Post- 
zraduate Awards. 

Applications together with a cur- 
‘iculum vitae and the names and 
iddresses of three referees should be 
went to the Assistant Secretary (Estab- 
ishment), quoting reference CYT/48, 
ig soon as possible. 9493(F) 








ROYAL FREE HOSPITAL 


SCHOOL OF MEDICINE 


DEPARTMENT OF 
BIOCHEMISTRY AND 
CHEMISTRY 


RESEARCH STUDENTSHIPS 


Studentships, commencing in Octo- 
ber for postgraduate work leading to 
a higher degree in London University, 
may be avaijable later in the year for 
research on several topics, including 
the structure and function of mem- 
branes. Enquiries from э interested 
final year undergraduates should be 
addressed to Professor J.A. Lucy, De- 
partment of Biochemistry and Chem- 
istry, Royal Free Hospital School of 
Medicine, 8 Hunter Street, London 
WCIN IBP. 9471(F) 





HAMILTON KERR 
INSTITUTE 
University of Cambridge 
STUDENTSHIPS IN THE 
CONSERVATION OF 
EASEL PAINTINGS 


Applications are invited from men 
and women preferably between the ages 
of 20 and 25 for one studentship of 
three years duration starting Septem- 
ber 1979 with:an optional fourth year 
internship in an approved context. 
Admission for a shorter period will be 
considered from partly trained students 
transferring from their conservation 
courses, 

The Institute is fully equipped with 
studios, a workshop and scientific 
laboratories. There is a technica] and 
art-historical library; the libraries and 
scientific facilities of the University 
{including the Fitzwilliam Museum) 
are also available. The students play 
an active part in the Institute, and 
there are also courses in_ theoretical 
and academic instruction. Students are 
normally eligible for membership of a 
College. 

A student should normally have a 
first degree or equivalent qualification 
or experience in relevant subjects such 
as The Sciences, Medicine, or Fine 
Arts. Evidence of manual and artistic 
skills is essential. 

Fees chargeable by the Institute are 
£750 p.a. for UK and £850 ра. for 
Overseas residents. A successful UK 
applicant may be eligible for a state 
grant for which the Institute itself 
would apply to the Department of Edu- 
cation and Science. In the casé of 
a state grant being awarded the fees 
are payable by the DES. 

Application forms together with the 
Institute's prospectus may be obtained 
from: : 

The Secretary 

Hamilton Kerr Institute 
Whittlesford 

Cambridge CB2 4NE 

The chosing date for receipt of can- 
didates application forms is March 23, 
1979. 9491(F) 


UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF 
FIBRE SCIENCE 


RESEARCH 
STUDENTSHIPS 


Applications are invited from 
suitably qualified science or en- 
gineering graduates for two 
studentships. One for work on the 
handle and texture of fabrics would 
suit a candidate with a physics/ 


mathematics background. The other 


dealing with fibre structure/ 
property relationships would suit a 
chemist or materials scientist. 


S.R.C. scales will apply and 
successful applicants will be 
expected to register for a higher 
degree. 


Further information and applica- 
tion forms can be obtained from: 

Dr H. M. Elder, 

Chairman of Department, 

Department of Fibre Science, 

University of Strathclyde, 

George Street, Glasgow. 


9572(P) 





| INSTITUTE FOR RESEARCH 
ON ANIMAL DISEASES 


A.R.C. POSTGRADUATE 


STUDENTSHIPS 
Applications are invited from 
students interested in research in the 


field of animal diseases. 

Candidates should have studied bio- 
logícal science, with particular interests 
in biochemistry, physiology, bacteri- 
ology or zoology and will be required 
to register for a higher degree, usually 
at the University of Reading. 

Candidates should have, or expect 
soon to obtain, a Ist or Upper Second 
class honours degree in а relevant 
subject. 

The Institute is situated in a pleasant 
rural area with a Staff Restaurant and 
good recreational facilities. If required, 
accommodation for a single person 
could be, provided in the Institute's 
Hostel. 

The Agricultural Research Council's 
pension scheme is non-contributory. 

Application Forms from; Secretary, 
Agricultural Research Council, Insti- 
tute for Research on Animal Diseases, 
Compton, Nr. Newbury, Berks., quot- 
ing Ref. 400. 9517(F) 











MISCELLANEOUS 


F.D.A. FOREIGN BODY 


CARCINOGENESIS STUDY 


The Food and Drug Administration 
plans to conduct a study to distinguish 
the chemical carcinogenic potential of 
impfant materials from their ability to 
induce tumours as a result of their 
surface characteristics (foreign body 
carcinogenesis). The in vivo study will 
be for a twenty-four (24) month period 
using rats or any other appropriate 
animal model. The contractor should 
have experience in carcinogenesis 
studies, particularly those involving 
modern cytogenetics, pathology, hema- 
tology and tissue culture techniques. 
Requests for RFP No, 223-79-5061 
should be directed to Beverly Lott, 
Department of Health, Education and 
Welfare, Public Health Service, Food 





and Drug Administration, HFA-S14, 
$600 Fishers Lane, Rockville. MD, 
20887. 95837) 








GRANTS & SCHOLARSHIPS 


POSTGRADUATE 
RESEARCH 
DEPARTMENT OF BIOLOGY 
PRINCETON UNIVERSITY 


N.LH. postdoctoral training grant 
positions for recent Ph.D.'s in the 
areas of biochemical and genetic 
aspects of cell differentiation (Drs T. 
Cline, E. Cox, A. Newton, P. Schedl), 
cell biology and development (Drs J. 
Bonner, E. Cohen, M. Steinberg, G. 
Witman), and behavioural and popu- 
lation genetics (Drs J. Endler, J, 
Gould, R. May, W. Quinn) are avail- 
able beginning summer, 1979. Appli- 
cations should include curriculum 
vitae and summary of research in- 
terest. 

Closing date April 2, 1979. In- 
quiries or applications should be sent 
to Dr E. C. Cox, Chairman, Depart- 
ment of Biology, Princeton University, 
Princeton, N.J. 08540. 

Princeton University is 
Opportunity! Affirmative 
| ployer. 


an Equal 
Action Em- 


9388(H) 


THE NATIONAL KIDNEY RE- 
SEARCH FUND invites applications 
for grants for renal research at units 
within the United Kingdom. Applica- 
tion forms are available from The 
Secretary, 184B Station Road, Harrow, 
Middlesex HA1 2RH (01-863 4469). 
9408(H) 





| 
| 
| 








xxvii 





FOR SALE & WANTED 


FOR SALE: Annual Reports of 
Progress of Applied Chemistry, 1941- 
1973 plus various other books on 
water mew and second-hand. Offers 
to: Box No. 9888(L3, Nature, 3 Dyers 
Buildings, Holborn ECIN INR., 
9SRROLO 





SYMPOSIA 


PROSTAGLANDINS AND 
INFLAMMATION 


An International Research 
Symposium 
will be held at King’s College Hospital 
Medical School, London, on Thursday 
and Friday, August 2 and 3, 1974, 
Further details and registration form 
from: MUN 
Dr A. W. Ford-Hutchinson, 
Biochemical Pharmacology 
Research Unit, 
King's College Hospital 
Medical School, 
Denmark Hill, 
London SES 8RX. 
Tel: 01-274 6222, Ext. 2026. 
947ROMD 





COURSES 


UNIVERSITY OF ESSEX 
DEPARTMENT OF BIOLOGY 
M.Sc. COURSE: 

GENE TECHNOLOGY IN 
MICROORGANISMS 
Applications are invited for the 
above 1 year course for October 1979, 
A limi number of studentships may 
be a able. The course is designed te 
acquaint the student with the 
techniques of classical microbial gen- 
etics, and in vitro recombinant DNA 


























techniques. Engui do obe ad 
dressed to The Г University 
of Essex, Department: ology, Wie 
venhoe Park, Colchester, СО 250), 
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IMPERIAL COLLEGE OF 
SCIENCE AND 
TECHNOLOGY 

CENTRE FOR ENVIRONMENTAL 

TECHNOLOGY 

M.Sc. IN ENVIRONMENTAL 

TECHNOLOGY 1979/80 
ENERGY POLICY 

One of the specialist options being 

Offered as part of the one year Post- 
graduate and Pos E heme € 
















at the interdepartmental Centre 
Environmental Technology at болама) 
College 


Course starts with a series of core 
subjects covering physical environment, 
applied ecology, urban technology, min- 











eral resources, energy, environmental 
economics and policy, operations re- 
search, computing, and sources and 


choices of technology. 

In the second term students special- 
ise in one of six options. The Energy 
Policy option is designed to provide 
an understanding of the technological 
and political priorities of the energy 
industries and the sector as a whole; 
emphasis is placed on the relationship 
between the technology and the other 
considerations. 

The remander of the year | 
to a research project. Projec 


devoted 
in con- 





junction with outside bodies are 
welcomed, 
Course is open to science and 


engineering graduates and other suit- 
ably qualified students, both from UK 
and overseas. Post experience students 
may divide the course between “two 
academic 














their advanced course studentships. 
Closiag date for applications: Apri! 


|, 1976. 





" particulars from the Regis- 
trar, Imperial College of Science and 
Technology, Londen SW? 2AX. 
95120» 
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LECTURES 


NATO/EMBO | | 


INTERNATIONAL SUMMER SCHOOL 
on 


NUCLEIC ACID PROTEIN RECOGNITION 


Aug. 20 - Sept. 2, 1979 - Island of Spetsai, Greece 











Lectures and discussions in English will cover 
the following topics: 


1) Techniques for studying nucleic acid protein recognition. 

2) Organization of genes in DNA. 

3) DNA protein interactions (nucleosomes and proteins involved in RNA 
| A transcription). 

4) RNA protein interactions (viruses and proteins involved in translation). 
5) Theoretical aspects of nucleic acid protein recognition. 


The lecturers will include: 


H. Bujard (Germany), C.R. Cantor (USA), P. Chambon (France), 
B.F.C. Clark (Denmark), B.S. Cooperman (USA), H. Delius (Germany), 
J.P. Ebel (France), W. Gilbert (USA), D. Glover (UK), F. Gros (France), 
M. Grunberg-Manago (France), C. Héléne (France), J. Hershey (USA), 
A. Klug (UK), P. Little (UK), A. Rich (USA), R.J. Roberts (USA), 
V. Sgaramella (Italy), T. Steitz (USA), P.H. Von Hippel (USA), 
C. Weissmann (Switzerland), H. Zachau (Germany). 


The Summer School will be suitable for predoctoral students 
and for post-doctoral workers in related fields. 


Applications should be sent to Dr. M. Buckingham (Dept. of Molecular 
Biology, Pasteur Institute, 25, rue du Docteur-Roux, 75015 Paris 
France) as soon as possible and not later than May 1, 1979. They should 
contain a curriculum vitae including the applicant's scientific background 
and interests and one letter of recommendation. The applicants will be 
informed before June 1 whether they have been accepted. A registration 
fee of $80 will then be required. Participants will have to pay for their 
travel expenses. Student accommodation, breakfast and lunch will be 
provided without charge. 


The organizing Committee 


M. Buckingham (France), J.P. Ebel (France), A.E. Evangelopoulos 
(Greece). 
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Lively, readable and reliable, British Birds is the | 
monthly journal for all British and Irish 
birdwatchers, professional and amateur alike. | 
An internationally respected scientific journal, 
issues of British Birds build into a valuable 
reference work. 

For a year's subscription send your name 
address, and £12 (overseas US $19.50 in 

any currency at the current exchange rate) | 
to Macmillan Journals Ltd., Subscription 
Dept., Brunel Road, Basingstoke, Hampshire 
RG21 2XS 

A free copy is available from the above address 


British Birds 


Microbiological Research Establishment 


Bacterial 
Cell Pastes 


Escherichia coli MRE 600 
The original ribonuclease free strain, buffer 
washed. 

(Minimum quantity 2kg @ £190) 










































Bacillus stearothermophilus NCA 1503 

Grown at 60°C the source of many thermostable 
enzymes. 

(Minimum quantity lkg @ £224) 














Escherichia coli RY 13 
Contains restriction endonuclease Eco R1 and 
Eco Rl’. 

(Minimum quantity 2kg @ £190) 




























Thermus aquaticus YT-1 

Grown at 70 C, the source of thermostable 

enzymes including restriction endonuclease 
Taq YI. 

(Minimum quantity 0-S5kg (a. £280) 


its science 


This highly successful chart, which 
appeared in Nature 28 August 1975 
(but is still much requested and much 
referred to), has now been completely 
revised and updated to include all 

major changes in the personnel and 
administration of British science. 






Escherichia coli B 
A source of ribosomes, DNA polymerase I, RNA 
polymerase, DNA ligase and exonuclease III 
(Minimum quantity 2kg @ £190) 


Measuring approximately 2' x 3’ 
and containing black-and-white 
illustrations of prominent figures, 
copies of this chart are now 
available at 75p (UK), US $1.50 
(Rest of World). 





Clostridium pasteurianum W5 
Grown at 30°C, a source of ferredoxin 
(Minimum quantity 0.5kg (a: £168) 


Payment may be made in any currency at the 
prevailing exchange rate. Cheques should 
be made payable to Macmillan Journals 

Ltd. Prices include postage and packing 


All these products can be supplied to overseas 
customers. 
69 other types of cell paste are also available 


To order please complete the coupon below 
or write, enclosing the correct remittance 





The listed products are offered at the quoted 


1 To sterling prices, which remain firm until 31 March 










Bis РЕР 1979, subject to availability. Prices include packing 
Brune! Road. Basingstoke in dry ice, and delivery on UK orders, which ar: 

LEE aee subject to VAT at ruling rates. Overseas orders 

MON How Within rone volun , are subject to transport charges at cost. For 

| chart(s A listed items please send your official order to the 

i 

ЖЕ Microbial Products Section 

! Microbiological Research Establishment, 

{ Porton, Salisbury, SP4 0]С, Wiltshire, UK 
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The choice 
of the best. 





It just had to be a Wild instrument. 


They're optically and mechani- 
cally tops, world wide. And if | 
want to use a special technique, 
there'll certainly be a suitable ad- 
ditional set of accessories. 

But what a range of stereomicro- 
scopes! The Wild consultant soon 
showed me the differences bet- 
ween them. There's the Wild M1A 
for process and control work in 
industry; the Wild M1B for educa- 
tional work; the Wild M3, with 
three-step magnification changer, 
for the laboratory. The Wild M5A 
has the greatest magnification 


Circle No. 05 on Reader Enquiry Cara. 
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range -— up to 250 х with its coaxial 
illuminator. And then come the 
zoom stereomicroscopes; the 
Wild M7A with stepless variation 
of magnification within the range 
1:5; the Wild M7S, specially for 
photomicrography and polarisa- 
tion; and the Wild M8, with 1:8 
zoom range. And, if you want to 
photograph in the macro range, 
you'll certainly be enthralled by 
the Wild M400 Photomakroskop. 
But to examine highly-reflecting 
surfaces or thin layers, the Wild 
M450 Epimakroskop is the an- 
swer. Ask for brochure M1 180e. 


Wild Heerbrugg Ltd. 
CH-9435 Heerbrugg/Switzerland 


ces SUR Ба ни» 
HEERBRUGG 
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London's new Barbican Centre- 
surrounded by centuries of history, 


commerce and culture. 
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THE ROCKEFELLER FOUNDATION 
RESEARCH CAREER DEVELOPMENT 
FELLOWSHIPS IN 
GEOGRAPHIC MEDICINE 


The Rockefeller Foundation announces the sec- 
ond annual competition for research career develop- 
ment awards of five years’ duration including salary, 
laboratory support, and travel for investigators 
interested in the great neglected diseases of man kind 
(primarily the tropical infectious diseases). These dis- 
eases are great in terms of the vast number of individu- 
als involved, and neglected with respect to both fund- 
ing and lack of interest by the biomedical research 
community. 
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After geodynamics, what? 


THE earth eens depend very largely on tematol 
collaboration; so it is no surprise that there has been a 
succession of projects aimed at nurturing the free flow of 
data and ideas across rational boundariės. ‘International 
Polar Years; and'the International Geophysical Year of 
1957 led in the 1960s to the Upper Mantle Project and in 
_ the 1970s to the Geodynamics Project, which closes at the 
end of this year. Questions are inevitably being asked now 
about a possible successor to: these programmes, and in 
“Zurich last week, under the aegis’ of the International 
Union of Geological Sciences (IUGS), a wide variety of - 
earth scientists gathered to review the state of their 


specialisations and to mull over a proposal for collaboration i 


in'the 1980s. , . 

- -What does a ie bidie ‘international ‘scientific pro- 
connie achieve? In some respects very little. It offers no 
research funds Most scientists'in their national context are 
, unlikely ever to read the rationale behind projects and even 
less are they likely to make a major adjustment in their 


research to take account of the projects stated aims. And · 


‘In many, though not all, countries the availability of funds 
for the support of research is likely to be. tied much more 
"closely to the excellence of the investigator or the relevance 
of the proposed work to national needs than it is to the 
context of an international programme Many of the 


remarkable discoveries іп the earth sciences of the past: , 


‘twenty years’ have. been. made with little: or no direct 
' assistance from the prevailing project of the time. On the 
'other hand, international: projects can concentrate on two 
aspects of science which: national systems are often not 
- competent to assist—indeed sometimes seem positively to 


. hinder: the bririging together of people from a wide variety . 


of.national and multi-disciplinary backgrounds, and the 
removal of blockages in making data casily accessible 
regardless of its national origin. On this basis alone the 
modest costs of a small.secretariat, travel funds and data 
centres seem amply justified. Since all branches of science 
- at.all times: profit greatly from this sort of assistance it is 
unfortunate that international unions have to convene 
working groups, write long reports and propose grandiose 
projects simply to maintain the rudiments of international 
and interdisciplinary scientific exchange. 

- Be that as it may, with the Geodynamics Project running 
.out.in ten' months: time there is a pressing need for a new 
. programme. td be announced, Four years ago it seemed pos 
tsible: that ‘the International Union of Geodesy and 
Geophysics (IUGG) might opt completely out of a further 
inter-union programme (the totally illogical way in which 
the geologists and: geophysicists have separate unions and 
entirely djfferent organisational machinery within them 
surely represents one interdisciplinary blockage which ICSU 
could do well.to eliminate). In the past year and a half. 
however, IUGG has buried the hatchet and working groups 
convened by.Dr H Illies of Hamburg (IUGS) and Dr C. 
. Kisslinger, (IUGG) have now brought forward а joint pro- 
posal for the next ten years. But even if the тезреснуе 


unions in their different ways accept the present document, 
it will not be until the summer of 1980 that final approval 
can be obtained from ICSU's general assembly, so there is 
bound to be a hiatus between one project and the next. 
It is possible to identify three distinct threads of argu- 
ment in discussions of this document, The first recognises 
that scientific advance is to a degree independent of inter- 
national projects so simply reckons that the next ten years 
will build on what has already been learnt, though will 
‘doubtless contain some surprises—will in effect be a con- 
tinuation of the International Geodynamics Project. The 


-second believes that to be politically acceptable it will not 


be possible simply to say ‘more of the same’—a new title 
will be necessary and new foci of ‘attention will be called 
for. The Illies-Kissinger document carefully pulls together 
these two threads; the central theme of the proposed new 
programme would be ‘the current state, dynamics, origin 


..and evolution of the lithosphere, with special attention to 
- the continental lithosphere'. (The lithosphere is the strong 
. outermost shell of the Earth, of depth up to 150 kilometres 


beneath continents.) The programme proposes a change of 
focus and yet is a logical consequence of what has gone 
before. 

The third line of thinking, however, says that earth 
scientists must respond to changing political climates, most 
notably in two areas: first, global resources, hazards and 
the maintenance of the environment; second, the need of 
the developing world for strengthened scientiflc and tech- 
nological bases. 

This geopolitical point of view has been put forward 
most forcefully by Professor L. Nicolaysen of the University 
of the Witwatersrand, Johannesburg. He recognises that the 


' Illies-Kisslinger document does mention these matters, but 


would have them occupy a much more prominent position 
in project plans. 

There are some fairly good administrative and bureau- 
cratic reasons why this proposal can be resisted. It raises all 
sorts of questions that will offend countries’ sensibilities, 
bring in new agencies, straddle difficult industry/academic 
frontiers, call for larger expenditure and so on Quite so. 
But it is time earth scientists faced up to the uneasy bar- 
Tiers that exist between pure and applied research, and it is 
time they recognised the unique role they can play in the 
developing world. Maybe they should look, for a start, at 
the success of the International Centre for Theoretical 
Physics at Trieste in nurturing developing world scientists, 
and should wonder whether the earth scientists might 


'evolve a similar project. 


It would be a mistake simply to avoid these issues as being 
too politica] or too complex. The unions, whilst accept- 
ing the present document as a sound basis on which to 
proceed scientifically, should grasp the opportunity they 
have to bring together a highly fragmented range of dis- 
ciplines, to take greater steps to bring basic and applied 


science together and to start serious thinking iid 


responsibilities in the developing world. 
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US boosts military support of campus research 


Defense Department support for basic science is returning 
to pre-Mansfield Amendment days. David Dickson reports 


AFTER. a gap of seven years, the US 
Department of Defense has re- 
established an office to co-ordinate its 
efforts in basic research and to stimu- 
late contacts with university research 
groups. 

This move, which was recommended 
in a report on the department’s basic 
research released by the Office of 
Science and Technology Policy in 


Washington last week, reflects an effort . 


backed by President Carter to restore 
military support for university research 
to the levels of the late 1960s. Two 
factors have brought this about: re- 
newed pressure for technological in- 
novetion—with requirements ranging 
from ‘laser weapons to high-speed. in- 
tegrated circuits—within the Depart- 
ment of Defense; and the continued 
squeeze on other sources of support for 
university research. 

The clearest evidence of the new 
trend is provided in the budget request 
submitted by the President to Con- 
gress last month This asked for $436 
million for basic research obligations 
in the Department of Defense in the 
fiscal year 1980, almost 10% of the 
total basic research budget If the 
request is accepted by Congress, this 
would mean an average increase for 
Defense Department basic research in 


the two Carter budgets (covering the - 


period 1978-80) of 18.3%, considerably 
higher than for any other agency, and 
compared to an average increase of 
11.4% for the National Institutes of 
Health, and 10.5% for the National 
Science Foundation 

Mialidary support for basic research 
reached its peak in the late 1960s. 
when the efforts of university scientists 
in fields such as nuclear weapons were 


800 


-about 


supplemented by those recruited to . 
support US efforts п Vietnam. Re- 
action aginst the conduct of the war, 
however, and the use of science in 
areas such as chemical weapons or 
counter-tnsurgency techniques, led to 
a wave of protests about miktary in- 
volvement on university campuses. 

The protests became focused in an 
amendment made by Senator Mansfield 
to the Defense Department appropri- 
ations in 1970 Seen by some as merely 
a “good housekeeping” move, but: by 
others as reflecting broader concerns 
malitary involvement with 
science, the amendment stated that 
funds would only be provided to re- 
search projects bearing a ''direct and 
apparent relationship" to a specific 
military function or operation 

Although revised a year later to re- 
quire merely a “potential relationship" 
—a critenon which is still in effect — 
the Mansfield amendment contributed 
to a rapid shrinkage in Defense Depart- 
ment support for basic science, which 
in real terms was almost halved be- 
tween 1967 and 1975. 

In its report, the OSTP panel, which 
was chaired by Dr J.K Galt of Sandia 
Laboratories and included representa- 
tives of universties, industry and other 
government agencies, states its belief 
that the current level of funding has 
reduced the utilisation of basic research 
in the Department of Defense “below 
a minimally acceptable level. Tt ‘‘wel- 
comes and applauds" recent attempts 
to reverse the prewous decline in 
research funding 

The panel says that such research is 
important to the department for three 
main reasons: to fill gaps in knowledge. 
to prowde a source of new concepts, 
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and to keep up with technological de 
velopments in other parts of the world 
“Growth for 10 years at a rate simila) 
to the rate of decline of the past 1( 
years is indicated”, it says The OSTE 
panel places a special emphasis on the 
potential contnbution of  universit: 
scientists in single-mindedly pursuing 
long-term goals rather than performing 
highly-specified research. The uni 
versities are a "logical" place to expec 
original and startling new ideas, it says 

This emphasis on supporting uni 
versity research 15 already reflected ir 
the department's budget. Between 197t 
and 1978, for example, while Defens 
Department support for in-house basi 
research was kept constant (in curren 
dollars), support for basic research ir 
univermties increased by almost 60'X, 
In 1976, universities carried out 33% 
of the department's basic research; b! 
1978 the proportion had increased tc 
40%. К 

There have also been shifts in thi 
areas of research receiving support 
From the US Air Force, for example 
there has been a decline in support foi 
nuclear physics ‘or atmospheric re 
search, and an increase in material 
science and engineering Mathematics 
however, and particularly the com 
puter sciences continue to receive gooc 
support. ‘ 

So far there has been little oppositior 
from the academic community to th: 
re-emerging importance of Defens 
Department research funds. A few re 
echo the concerns of the late 1960s 
“The trend «s part of an overall growt! 
of military spending and militarism ii 
this country that I consider very un 
healthy for science in its broader con 
text—it’s like saying that wars are goo 
for surgery”. says Dr Charles Schwarz 
professor of. physics at the Universit: 
of California in Berkeley 

And a group of scientists in Bostor 
have recently recommended that basi 
research be removed from the Depart 
ment of Defense budget, where the: 
say it has a “high probability of mili 
tary applicability" They have suggeste 
that the majority of the funds b 
transferred to a National Technolog: 
Foundation, which would stimulat 
R&D in areas of technology when 
private industry is not yet willing t 
undertake the work ` 

But most scientists are taking a mor 
pragmatic line They point out tha 
unlike the more apphed research spor 
sored by the Défense Department 1 
university-associated laboratories—suc 
as MIT’s Lincoln Laboratory—th 
basic research it supports is unclass 
fied And it also has spin-offs in othe 
areas E 
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DNA risks: fears calmed, but doubts remain 


EXPERIMENTS carried out by research 
workers at the US National Institutes 
of Health have provided little evidence 
to support fears that bacteria carrying 
recombinant plasmids or phages con- 
taining a eukaryotic viral genome 
could themselves become producers of 
virus particles, 

However, the research workers have 
shown that free viral DNA is capable 
of producing infection in mice when 
injected under the skin, and that in- 
fection can also be caused by recom- 
binant phages in which the viral DNA 
occurs twice in succession. They have 
also raised the possibility, now receiv- 
ing further study. that the recombinant 
molecules could present a hazard by 
transforming cells into а tumorgenic 
state. 

These results have emerged from a 
series of experiments carried out at the 
top-level containment facilities of Fort 
Detrick in Maryland as part of a pro- 
gramme to assess the potential risks 
posed by the use of recombinant DNA 
techniques. 

A team of research workers from 
the National Institute of Allergy and 
Infectious Diseases at NIH. headed by 
Dr Wallace P. Rowe and Dr Malcolm 
A. Martin, conducted two series of 


experiments. One involved the mole- 
cular cloning of polyoma virus in a 
disabled E, coli plasmid vector system, 
and the other involved studying recom- 
binants formed between a lambda 
phage vector and polyoma DNA. 

In the first series of experiments, the 
research workers found that although 
all the recombinants studies contained 
the complete, potentially infectious 
viral DNA, in no case did either the 
recombinant plasmid, or live E. coli 
containing the plasmid, cause polyoma 
infection in mice. 

In the second series, two types of 
recombinant phage were found to have 
formed. the most common containing 
a single copy of the polyoma DNA, but 
a second type containing two copies of 
the DNA linked head-to-tail in tandem. 
The phages containing the single copies 
was not infectious in mice, either when 
given directly, or when used to infect 
concentrated suspensions of E. coli 
from which the DNA was extracted 
and administered to the mice. 

However, the phages containing the 
tandem inserts — theoretically more 
likely to cause infection since polyoma 
genomes could be generated by intra- 
molecular recombination-—did indeed 
prove to be infectious in two of five 


Science gets new champion on Capitol Hill 


Ir 15 unusual to find a US Congress- 
man demanding a strong, centralised 
state planning mechanism, a device 
usually associated with the nation's 
ideological rivals. Just such a mechan- 
ism, however, is being proposed by a 
member of the House of Representa- 
tives whose voice on science policy 
matters will be frequently heard over 
the next two years: Representative 
George Brown of California. 

First elected to Congress in 1953, 
Mr Brown has been chosen to chair 
the science, research and technology 
subcommittee of the House science 
and technology committee, The sub- 
committee’s responsibilities will be 
expanded by incorporating the domes- 
tic and international scientific planning 
committee; and the result will be to 
make it broadly responsible for over- 
seeing the nation’s research efforts and 
science policy. 

Mr Brown is unashamedly partisan. 
“Some people talk of science as the 
handmaiden of society; T want to see 
science as a leader in our national cul- 
ture”, he said in an interview with 
Nature last week. 

He is critical of a “laissez faire" 
attitude to research and development. 
where national concerns merely adjust 
the broad parameters of programmes 
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rather than their more precise dy- 
namics. The US, he says, lacks “‘a co- 
ordinated national approach to giving 
both direction and resources to the 
scientific community”. 

With the general pressure on re- 
search budgets, funding innovations 
must concentrate on the reorganisa- 
tion, rather than the expansion, of re- 
sources, he says. 

If this sounds a bit vague, then Mr 
Brown can point to his recent experi- 
ence in helping steer through Congress 
legislation to set up co-ordinated pro- 
grammes of climate and earthquake 
research—efforts which have earned 
him widespread respect in the scienti- 
fic community—as well as his involve- 
ment in agricultural and environmen- 
tal research issues. 

But not all agree with the primacy 
that he would allot to science. During 
last year's debate on the climate pro- 
gramme. for example. the OSTP suc- 
cessfully headed off an effort to make 
it lead agency for the programme. a 
fask passed to the Department of Com- 
merce’s National Oceanographic and 
Atmosnheric Administration. 

Mr Brown remains convinced that 
OSTP should be at the top of the pile. 
Although welcoming the increased 
funds that the science adviser has 
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mice inoculated with the phage DNA, 
and in two of five injected with DNA 
prepared from E. coli infected with 
the phage. 

According to the research workers, 
whose findings are about to be pub- 
lished in Science, the latter result in- 
dicates that the possible cloning of 
head-to-tail inserts should be taken 
into consideration in carrying out risk 
assessment analysis of the cloning of 
DNA, although they say that such an 
occurrence is highly unlikely to occur, 
particularly in shot-gun experiments. 

The research workers say that 
similar results on the low infectivity of 
cloned genomes can be predicted for 
other members of the Papovaviridae 
family of viruses—including the SV40 
virus—as well as most other DNA 
viruses, containing larger and more 
complex genes. 

However, they draw attention to a 
potential hazard that might be caused 
by the ahility of bacteria containing 
virus DNA recombinants to induce 


tumours. This hypothesis is based on 
the ability of polyoma DNA to induce 
tumours in young hamsters by trans- 
forming cells: tests of апу potential 
hazard are now being investigated. 

David Dickson 


DU 





Congressman George Brown: "I want to 
see science as a leader in our culture." 


helped secure for basic science, he 
claims that OSTP has not confronted 
to the intentions and the language of 
the legislation which set it up in 1976. 

"We had hoped that the science 
adviser's office would give some coher- 
ence and strategic planning to science, 
and it has not done so, leaving quite a 
lot of unfulfilled expectations", he says. 

At OSTP they see things slightly 
differently. "Some of these expecta- 
tions were perhaps partly misplaced. 
We are not a kind of national clearing 
house on R & D", one official said last 
week. 

Nevertheless mechanisms by which 
the nation's scientific efforts can be 
given "improved leadership" are high 
on Mr Brown's agenda. “The period 
of substantial growth experienced by 
science a decade ago has been ex- 
tremely valuable: but it is now time to 
do some stocktaking”. David Dicksor 


Ае Р Тышым} Fad 


506 


Nature Vol. 277 15 February 1979 


France attacks UN research on Mediterranean 


Mediterranean countries are to slow cooperative research on 
pollution, writes Robert Walgate from Geneva 


FRANCE, assisted by Spain and Italy, 
has succeeded in cutting three major 


projects from the United Nations 
Environment Programme’s research 
effort on pollution in the Mediter- 


ranean. Research has been halted on 
pollutants in the open waters of the 
Mediterranean (as opposed to the 
coasts), on transfer of pollutants from 
the air to the water, and on modelling 
the Mediterranean ecosystem. 

Last week's meeting in Geneva of 
the 18 countries which signed the 1975 
Barcelona convention on Mediter- 
ranean pollution was dominated by 
money problems, in particular shifting 
payment for the Mediterranean action 
plan from UNEP- — where responsibility 
has lain until now—-to the states them- 
selves. France, as the largest of the 
18 countries, was concerned that its 
contribution should be well spent, and 
SO devoted considerable efforts to 
analysing the research. plans of 
UNEP's Regional Seas director, the 
Yugoslav Stjepan Keckes. 

Keckes had developed a [3-part pro- 
gramme of research in the Mediter- 
ranean known as “Med Pol Ito XIII. 
The first seven deal with coastal waters, 
and were approved by the original 
Barcelona meeting. It is Med Pol VIII 
to XIII. which were added later and 
deal largely with open waters that were 
challenged last week. 

The total research costs involved 
were relatively small--around US $1 
million a year, compared with an esti- 


mated cost of some $5 billion for 
treating presently untreated Mediter- 
ranean sewage effluent — so some 


matter of principle appeared to be at 
stake. If the countries were serious 
about dealing with Mediterranean pol- 
lution. why should they be bothered by 
the one part per thousand of the costs 
that came in the form of research? 

The question mark hanging over the 
whole meeting was precisely what prin- 
ciple was at stake. According to the 
French delegation. the question was 
the quality of the research teams that 
UNEP had put together. 

Keckes had. as a matter of principle. 
drawn together the expertise of existing 
government - sponsored laboratories 
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around the Mediterranean coast until 
he had some 83 participating labs in 16 
countries. These varied greatly in 
quality, but he took the view that 
governments would respect the conclu- 
sions of their own labs more than those 
of externally imposed teams of 
‘experts’, however good. 

Further, by receiving advice and 
financial support from UNEP, these 
laboratories could be brought up to an 
international standard. So far, UNEP 
has spent some $1.4 million on equip- 
ping these labs, mostly with American 
equipment (which an independent 
panel adjudged to be the best). 

By Keckes’s own admission, not all 


these laboratories have come up to 
scratch. In one southern Mediter- 
ranean state. for example, UNEP 


equipment languishes in a filthy lab- 
oratory without supplies of water or 
electricity, in spite of continued 
assurances that the necessary facilities 
will be supplied. On the other hand. 
neighbouring states are superior to 
some northern countries. 

Keckes is undaunted by these set- 
backs. seeing the treatment of the 
Mediterranean and the improvement of 
developing country science in a very 
long perspective. But at Geneva the 
French delegation took a different 
view. They argued that the UNEP 
team could only cope effectively with 
local. coastal sources. and that the 
more complex issues of open-water 
pollution, air transport and ecological 
monitoring were beyond them, France 
already has programmes in these 
areas. said the delegation. and would 
make its information open to UNEP. 

Keckes. however. thinks that the 
principle at stake may have been dif- 
ferent-—and closer to a question of the 
ownership of sensitive data. In the past 
he has found French officials "un- 
forthcoming" about pollution. of the 
Rhóne river, which is one of the three 
major pollution sources of the Mediter- 
ranean (the others are the rivers Po 
—Italy—and  Ebbro—Spain) апа he 
suspects that the same will be true of 
central Mediterranean data. This data 
is essential to an assessment of the 
long-term effects of pollutants. par- 


mercury and 
(from 


ticularly cadmium and 
polychlorinated hydrocarbons 
pesticides). 

Further. the air—whose circulation 
over the Mediterranean is little under- 
stood—may be one of the main 
sources of these pollutants. According 
to Keckes "the input of airborne pol- 
lutants may turn out to be the major 
unknown parameter needed to assess 
the state of pollution in the Mediter- 


ranean basin". Measurements in the 
Baltic have shown that between 10% 
and 90% of heavy metal pollution 


comes from the air. and in the Adriatic 
it has been observed that there is some 
300 times more heavy metal in the top 
metre of the sea than in deeper layers, 
Polychlorinated hydrocarbons affect 
the reproductive cycle of fish. and so 
could have a long-term effect on 
Mediterranean fish-stocks—a matter of 
more interest to southern nations with 
a comparatively greater reliance on 
fisheries. than to industrialised north- 
ern states. Nonetheless, the air-sea re- 
search programme has been cut. 

The French view is that not only is 
the Mediterranean team of poor 
quality to undertake such vital work, 
but the necessary instrumentation and 
methodology is not yet available to 
make an accurate assessment, Keckes 
admits that measurements so far are 
only accurate to an order of mag- 
nitude. but believes that it is necessary 
for the whole programme to proceed 
in parallel. so that each part can learn 
from the others. He hopes that the 
deleted research can be revived in 
UNEP's long-term programme for the 
Mediterranean, which will be agreed 
in 1981. 

The Regional Seas team is not dis- 
couraged. On the contrary they had 
been led to expect far worse. Research 
is only part of the Mediterranean 
Action Plan. which includes ‘priority 
action’ (inexplicably including develop- 
ment of alternative energy sources) and 
the ‘Blue plan’ for coordinated envir- 
onmental management and develop- 
ment of Mediterranean industry. The 
balance between these programmes has 
been maintained. 

In the final analysis. the budget for 
the Mediterranean Action Plan for 
1979 and 1980 was put at $6.4 million. 
Of this. $3.3 million will come from the 
Mediterranean states and $1.6 million 
from UNEP. Within this the total 
budget for Med Pol for two years will 
be some S880.000. The rest will be pro- 
vided hy other UN agencies such as 
the World Health Organisation and the 
United Nations Development Pro- 
gramme -for parts of the programme 
related to their own interests t 
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Soviets soften on psychiatry? 


Reports from Moscow suggest that, 
for the first time, the Soviet psychiatric 
establishment is willing to engage in 
cautious dialogue with dissidents over 
alleged cases of political abuse of 
psychiatry. 

Since its foundation in January 1977, 
the unofficial Moscow "Working com- 
mission for investigating the use of 
psychiatry for political purposes" (an 
adjunct of the Helsinki monitoring 
group) has been publishing regular 
reports of such cases. In Bulletin 13 
(November, 1978), it reported the case 
of Yurii Zakharovich Valov, hos- 
pitalised apparently for having made 
repeated protests to the media against 
what he saw as unfair dismissal from 
his job in an engineering works. The 
diagnosis was not revealed; however, it 
was known that Valov had been pre- 





Dr Aleksandr Voloshanovich: asked to advise 


scribed heavy medication—including 
insulin and chlorpromazine. 

The latest bulletin, number 14 (Jan- 
uary 1979), takes up the case again. 
According to Soviet practice, Valov’s 
case was to be reviewed by a medical 
commission on 7 December. As well as 
the regular establishment doctors, a 
representative of the working com- 
mission was invited to be present—Dr 
Aleksandr Voloshanovich, a psychia- 
trist, who has been acting as a con- 
sultant for the working commission 
since last April. 

The official report on the Valov case 
stated that Valov was in need of “bio- 
logical treatment, psychotherapy, and 
subsequent socio-psychiatric measures". 


The exact grounds for this recom- 
mendation are not entirely clear 
though "personality disorders" have 


been mentioned, 

Dr Voloshanovich agreed with the 
need for psychotherapy and “socio- 
psychiatric measures” (whatever they 
may be), but he denied that hospitalis- 
ation and the use of neuroleptics were 
indicated. 

This is by no means the first case 
where extreme psychiatric measures 
were employed, on political grounds, 
against a person suffering from a mild 
psychological disorder. The invitation 
to Dr Voloshanovich to sit in on the 
case may well reflect a double approach 
to the working commission—a desire 
for cautious dialogue combined with a 
wish to obtain at least a partial con- 
firmation of the official verdict. 

Vera Rich 


Shortage of technologists in USSR 


INTEGRATION of research and industry 
is a fundamental tenet of Soviet science 
policy. It is the rationale behind the 
establishment of a network of ‘science 
centres’ throughout the country, and 
the occasional Party censure of in- 
dividual research bodies which neglect 
the industrial problems of their local 
area. 

In recent months, however, official 
emphasis has been turning away from 
the role of the scientists in the 
‘scientific-technological revolution’ to 
that of the technologists. Last July, Mr 
Brezhnev told the Plenum of the 
Central Committee that the shortage of 
middle-level managers and department 
heads in factories was disquieting, 
while in agriculture only 40% of such 
posts are filled. 

Last week, Pravda took up the case 
of other organisations including scien- 
tific research institutes, where there is 
also a serious lack of middle-level staff. 
The problem seems to be a dual one: 
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the actual training of the required per- 
sonnel and their deployment once they 
have qualified. 

Technical college admissions, says 
Pravda, are constantly increasing 
(almost 1.5 million new enrolments 
last autumn), Nevertheless, it com- 
ments, "training has to be formulated 
taking into account long-range fore- 
casts of the development of science and 


industry", which suggests that certain 
courses need  re-designing and/or 
upgrading. 


At the same time, the deployment of 
the present work-force of middle-level 
technologists—the ‘“‘sergeants of in- 
dustry"—is far from at its best. 

The Pravda editorial (a traditional 
way of launching a new efficiency 
drive). calls for the relevant Party and 
Trade Union Committees, and the All- 
Union and Republic Ministries of 
Higher Education, to “analyse and 
eliminate" these defects. 

Vera Rich 
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British scientists 
help Chinese set 
up new university 


Tur UK is to help China set up and 
гип an English-speaking technical uni- 
versity. The idea for such a collabor- 
ation was first raised last November 
when a high-level delegation from the 
Chinese Academy of Sciences visited 
the UK. British officials showing the 
delegation arounc scientific establish- 
ments were taker by surprise by the 
proposal. which was announced towards 
the end of the ув. It was not clear, 
according to John Deverill of the Royal 
Society, whether the Chinese decided 
to propose the cooperation on the spur 
of the moment or whether they had 
planned it before their visit 

The university is to be established 
at Chengtu, tke capital city of 
Szechuan, a province of central China 
covering 6% of the country's land area 
and containing 10%, of its population 
Chengtu Technical College. which has 
2,800 students, 1,190 academic staff, 
and five departments is to be expanded 
to include 5,000-€,000 undergraduates. 
1,500 postgraduates and 13 depart- 
ments and given university status. The 
vice-chancellor will probably be Mr 
Ma  Shih-tu, vice-president of the 
Chengtu branck of the Chinese 
Academy of Sciences. 

The key UK bodies involved in the 
operation will be ће Royal Society and 
the British Council, though no one is 
yet sure what it all entails. “The Royal 
Society is not set 1р to start universities 
in other people's countries", Mr 
Deverill says, but he thinks it could be 
arranged for academics to spend some 
time—from one to three years—at 
Chengtu helping :o set up new depart- 
ments and start new courses. The 
British Council will probably help 
establish English courses and arrange 
for English teachers to spend time 
there. The admiristration and funding 
of the university however, are likely 
to be left to the Chinese. A delegation 
of British officials and academics now 
visiting China is assessing more pre- 
cisely how the UK can help at Chengtu 

Chengtu will be unique as the only 
exclusively English-speaking university 
in China. The Chinese Academy of 
Sciences runs мо other partially 
English-speaking universities at Hang- 
chou and Hofei and one partially 
Japanese-speaking university at Harbin 
The Chinese M nistry of Education 
used to run F-ench and German- 
speaking universities in Shanghai. There 
is a possibility that both these could 
be restarted with French and German 
help. 

Judy Redfearn 
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Profit plummets after nuclear problems: Siemens, the West 
German transnational electrical company, has had a first 
quarter slowing of its sales, orders and profits because of 
difficulties with its subsidiary, Kraftwerk-Union, a nuclear 
contracting firm. Losses in KWU caused by problems in 
Iran, Brazil and a partial freeze on nuclear construction at 
home have offset an 8% increase in new orders for the rest 
of the Siemens group. Failure to authorise new power 
stations is "driving West Germany to catastrophe", said 
Dr Bernhard Plettner, Siemens chairman. As a way out, 
Siemens is trying to win a contract in Argentina to build a 
second nuclear plant in addition to a KWU facility in 
operation there since 1975. But as part of the deal, the 
Argentine government is demanding additional facilities to 
enable it to produce plutonium. The Bonn government 
faced severe criticism from the US for making this kind ot 
arrangement with Brazil last vear. 
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Swiss to vote on reactor safety: Radical new licensing 
measures for reactor safety to be inserted into the Swiss 
constitution wil! be voted on by the electorate on 18 
February. The referendum includes: proposals for auto- 
nomous regional approval within a 30km radius of all 
proposed sites; accident compensation without limits; 25- 
year operating concessions for both plants and the associ- 
ated storage of waste; requirements that all catastrophe 
precautions be made public; cessation of construction or 
operation if at any time safety guarantees are withdrawn; 
and a bridging rule that will require existing plants to re- 
apply for approval under the new rules within three years. 
The result of a five-vear effort by a coalition of Swiss anti- 
nuclear groups, the campaign got boosts from a successful 
site occupation in 1975 at Kaiser Augsp near Basle and the 
emergence of a strong women's contingent opposed to 
nuclear power. Swiss authorities believe that if the vote 
goes in favour of the proposals, three plants—at Leibstadt, 
Kaiseraugst, and Graben, where local opposition is par- 
ticularly strong—will be blocked. The bridging rule could 
mean that existing plants at Beznan, Muehleberg (pictured 
above) and the brand new 920MW plant built by the West 
German firm KWU at Goesgen could be closed. 


Energy conservation month: October 1979 has been 
designated International Energy Conservation Month by the 
International Energy Agency (IEA). The 19 member states 
of the IEA are organising a variety of events to take place 
during October with the aim of increasing public awareness 
of the need for energy conservation. Several international 
conferences are being organised including one on the use 
of urban waste heat in Tokyo last October, one on energy 
management to be held in Birmingham, UK on 9-11 
October, one on the energy conservation policies in several 
countries to be held in Sweden and one on the use of solar- 
heated water to be held in Spain. 

In its national programme, the UK is laying particular 
emphasis on energy management, an area in which it feels 
it has gained some expertise in recent years. During 
October it will also be relaunching the "save-it" campaign 
for 1979-80 at a cost of £2 million and publishing the report 
of the Advisory Council on Energy Conservation 

Spain will promote the month by organising a ‘bicycle 
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day’ and in Switzerland local authorities will be able to 
measure heat losses from buildings by means of aerial 
photographs. In general, the Mediterranean members or 
IEA such as Italy, Spain and Greece are hoping to 
demonstrate the uses and importance of solar power while 
some of the colder countries, for example, Denmark and 
Canada are laying more emphasis on conservation in 
buildings. 


Aid to Vietnam: Vietnam's scientists, known to be 
desperately short of scientific equipment, are to be helped 
by a British charity. Medical and Scientific Aid for 
Vietnam has collected £8,000 to buy equipment for bio- 
logists in Vietnam. A spokesman said the money was 
raised in a year. Of the £8,000, £2,500 was provided by 
another charity, War on Want. The money has been used 
to buy gel electrophoresis and column chromatography 
equipment for work on protein separation; a spectrophoto- 
meter for routine analysis; and some general laboratory 
glassware. These items will help equip one of the country’s 
newest laboratories—that of biochemistry and food 
chemistry in the Vietnam Scientific Research Centre in Ho 
Chi Minh City (formerly Saigon). The laboratory is doing 
agricultural research and scientists will be investigating 
disease resistance in rice as well as looking at cheap sources 
of nitrogenous fertiliser. 


Bombay magnetic observatory threatened: Construction of 
India's largest fertiliser complex at Thal-Vaishet threatens 
the Colaba-Alibag magnetic observatory 5 km away. It is 
feared that magnetic observations taken over a continuous 
span of 133 years will be disrupted by electrical interference 
from the plant. Dr Stuart Malin of the International 
Geological Survey described Colaba-Alibag as "probably 
the most valuable magnetic observatory in Asia", but 
added that "the fertiliser factory is undoubtedly more 
important to India than the observatory”. The factory has 
been opposed by the Save Bombay Committee, a group 
concerned with the pollution risk to 37,000 people 10 km 
downwind from the site. The committee will take the case 
to the Bombay High Court. 


Bangladeshi centre for appropriate technology: Bangladesh 
is to set up a National Centre for Appropriate Technology 
at Bangladesh University of Engineering and Technology 
(BUET) that will cost $4 million and will be completed in 
two phases: the first in 1980 and the second in 1985. 

The broad objective of the centre is to identify, develop 
and adapt technologies appropriate to the basic needs of 
the people of Bangladesh. Its studies are to be sponsored by 
government. autonomous bodies, private organisations and 
international agencies, It will provide training and research 
facilities and will maintain contact with similar organisa- 
tions throughout the world. 

Its major task will be to co-ordinate activities between 
scientific institutions and organisations in Bangladesh. Agri- 
culture is the first area it will be considering. It is proposing 
to set up regional centres at the Agricultural University, the 
Academy for Rural Development, the Agricultural Institute, 
the Rice Research Institute and at three engineering 
colleges. It will monitor the diffusion of technology to the 
regional centres. Networks of institutions are also to be set 
up for industry, communications and energy with the new 
national centre as the focus. 

The centre will also work on the design and fabrication 
of new products and the modification and adaptation of 
imported goods. Its aim is to provide government with 
policy alternatives on the import. adoption and adaptation 
of foreign technology 
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Flaws in GMAG’s guidelines 


€We urge that time be allowed . . . before any firm 
decisions about major changes in the approach to 
categorisation are made? — Royal Society 


9 A statement issued by the Council of 
the Royal Society and prepared by an 
ad hoc group chaired by Professor 
W. F. Bodmer. Other members were : 
Sir David Evans, Professor D. С. 


Phillips, Dr M. G. P. Stoker, Sir 
Frederick Warner, and Sir Robert 
Williams. 


Wr welcome the attempt of the Gen- 
etic Manipulation Advisory Group's 
paper (Nature, 9 November, page 104) 
at a more rational approach to the 
categorisation of the experiments which 
come under its jurisdiction, using the 
framework of risk assessment. The 
chemical and nuclear industries have 
considerable experience of quantitative 
risk assessment, based on fault-tree 
analysis, and hazard and operability 
studies, backed by extensive data on 
reliability. In the longer term we be- 
lieve that advantage should be taken of 
this experience and so we are request- 
ing the Royal Society's recently estab- 
lished Risk Study Group on the 
Assessment and Perception of Risk, 
under the chairmanship of Sir Fred- 
erick Warner, to include the GMAG 
paper and the application of risk assess- 
ment techniques to genetic manipu- 
lation in its considerations. 

Even in areas such as the chemical 
and nuclear industries, where extensive 
background data are available, there is 
often disagreement among experts. We 
believe that the present knowledge of 
the quantities needed for a quantitative 
risk assessment in the area of genetic 
manipulation is quite inadequate for 
this now to form a basis for categoris- 
ation of experiments. The absolute risk 
associated with any experiment in- 
volves the product of many prob- 
abilities (all, of course, less than one) 
some of which are known and known 
to be low, and so this risk may in many 
cases be estimated to be very low, even 
given our present incomplete knowl- 
edge. Categorisation of experiments, 
however, requires the estimation of 
relative risks, or ratios between prob- 
abilities which in most cases will be 
small, and, at the same time, quite 
imprecisely defined, and so we do not 
see how these ratios can yet be calcu- 
lated with sufficient accuracy to be 
useful for categorisation. 

Particular areas of ignorance are the 
probabilities of human error and the 
real risks associated with the ingestion 
of the experimental product, namely 
the host carrying a recombinant vector. 
In the case, for example, of vaccine 
development such as for polio, which 
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probably involved much greater poten- 
tial risks than most work with recom- 
binant DNA, extensive data were 
collected on the in vivo effects of 
potential vaccines in animals and 
humans, on the basis of which the 
magnitude of the risks could be con- 
fidently assessed. 

There is an urgent need for more 
comparable data on the recombinant 
DNA products and on their associated 
hosts and vectors, such as E. coli K12 
and its mutants, phage lambda and 
other plasmid vectors. Until such data, 
and other relevant information re- 
quired for quantitative risk assessment, 
are available we believe the approach 
suggested in the GMAG paper, and 
appropriate developments of it, should 
be used for studies of the existing 
categorisation, rather than for categor- 
isation itself. If, for example, further 
testing fully supported the present 
evidence that E. coli K12 could not be 
converted into an epidemic pathogen 
by recombinant DNA techniques, then 
it might be possible to assign nearly all 
recombinant DNA experiments using 
normal Е. coli K12 host-vector systems 
to category I, or at most category П. 

The real risks, if any, associated 
with most experimental products of 
genetic manipulation are, as already 
pointed out, the most difficult to assess 
since they are all, so far, conjectural. 
While it is appropriate to encourage 
research in areas which might be 
thought relevant to the assessment of 
these conjectured risks, as in the 
GMAG paper, we believe that the dis- 
cussion of such conjectured risks 
should be adequately documented by 
reference to the scientific literature 
and subject to comparable standards of 
scientific scrutiny. 

The discussion in the GMAG paper 
falls far short of these standards, For 
example in describing risks (the section 
headed “The Conjectured Hazards") 
there is a progression from “соп- 
jectured" through “likely” and “‘poten- 
tially severe" to ‘possible’ with no 
justification whatsoever. The mere 
existence of a list of conjectured risks 
introduces the notion of their prob- 
ability. when some may even be im- 
possible. In other contexts, risks of this 
sort have been classified, by consensus 
of those knowledgeable in the field, 
into (1) negligible, (2) possible but per- 
haps doubtful, and (3) definite though 
possibly small risks, It might be in- 
structive to do the same with some of 
the conjectured risks that have been 
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to work with recombinant 


attributed 


DNA. 

The difficulty in applying the sug- 
gested new approach to categorisation 
is illustrated by some of the chosen 
examples іп the GMAG paper. "'Self- 
cloning", for example of E. coli K12 
genes into E. coli К12 host-vector 
systems, is assigned to category I and 
made the subject of extensive notifi- 
cation and detailed reporting to 
GMAG, whereas the Health and 
Safety Executive's definition of genetic 
manipulation, accepted as unchanged 
by GMAG, specifically excludes such 
experiments from its remit (through 
the use of the phrase “ incorporation 
into a host organism in which they do 
not naturally occur . . ."—our italics) 

We  deplore any extension of 
GMAQG's remit, implicit or explicit, 
especially into areas where there is 
evidence that the risks are negligible 
and which form a significant part of 
experimental work in modern biology 
Any such extension should be subject 
to very careful further consideration 
and justification and should not arise 
automatically from the adoption of a 
new procedure. 

It is also not at all clear why experi- 
ments involving the expression of 
cholera toxin genes in E. coli K12 need 
to be performed under conditions 
which are.considerably more stringent 
than those required for work with 
Vibrio cholera itself. We urge that any 
recommendation for a higher level of 
containment for recombinant DNA 
work with a pathogen, than for work 
with the pathogen itself, at equivalent 
doses, be carefully justified. In many 
cases involving, for example, work with 
certain animal viruses it is likely, as 
has often been pointed out before, that 
recombinant DNA experiments with 
parts of the viral genome will entail 
much less risk than work with the 
whole virus. 

We believe it to be very important 
that GMAG consider its procedures 
carefully in relation to the new US 
National Institutes of Health (NIH) 
Guidelines which came into effect on 
2 January 1979. These new guidelines 
were prepared after extensive open, 
documented and subsequently published 
consultation with many groups in the 
United States and abroad, including in 
particular Europe and the United 
Kingdom, especially through the Euro- 
pean Molecular Biology Organisation 
In the earlier considerations of the 
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problems posed by genetic manipu- 
lation, following the “Ashby” (Cmnd 
5880) and "Williams" (Cmnd 6600) 
Reports, the approach followed inde- 
pendently by the United Kingdom was 
quite close to that followed in the 
United States and indeed at times in 
the forefront. 

The new NIH Guidelines, which are 
being adopted in some form by most 
other countries that are advanced in 
this field in Europe and elsewhere 
differ, however, quite significantly not 
only from the new GMAG proposals, 
but also from some of its current prac- 
tice. They differ, for example, with 
respect to self-cloning experiments and 
in the use, in general, of set categories 
for given types of experiments, rather 
than accumulated case law. A set list 
of categorisations obviates the need, 
once an institution is appropriately 
registered, for repeated referral back to 
a central authority before starting any 
particular experiment. Now that a 
significant amount of case law has 
accumulated, we urge GMAG to con- 
sider following this approach for an in- 
creasing proportion of experiments 
under its remit, and so simplify its 
actvities and those of the people it 
serves, while in no way jeopardising 
recommended standards of safety. 

We believe that in cases where 
СМАС 5 procedures lead to substantial 
differences in categorisation from those 
recommended by the NIH Guidelines, 
the difference must be carefully justi- 
fied. A lack of comparability between 
procedures in the United Kingdom and 
elsewhere, especially in the United 
Sta:es, could seriously jeopardise this 
country's research and development 
efforts in this important area of work 
and in particular, threatens our con- 
tribution to extensive international co- 
operation in research in this field. 

In this connection we would draw 
attention to the coordinating activities 
of COGENE, the Committee оп 
genetic experimentation set up by the 
International Council of Scientific 
Unions. It should be noted that 
COGENE jointly with the Royal 
Society is organising an important 
meeting in April 1979 to bring together 
those concerned from many countries 
to consider these problems. 

We have emphasised the need to 
obtain much more quantitative data 
to form the basis for a quantitative 
risk assessment. The pooling of data 
on risks with the US and other coun- 
tries, as is done, for example, in the 
nuclear industry, would greatly extend 
the available data base needed for a 
proper quantitative risk assessment. 

The timing of requests for responses 
to the GMAG paper, just before 
Christmas, and its earlier working 
paper in the summer, has been un- 


Arithmetical perils 


RECENTLY 1 gave my class in 
elementary haematology a midterm 
examination that included a ‘free gift’ 
question: “A patient has an erythro- 
cyte count of 4.57 million per cubic 
millimetre and a blood haemoglobin 
level of 14.1 gm per decilitre. What 
is the mean corpuscular haemoglobin 
content?" The answer, in picograms 
per erythrocyte, routinely appears on 
computerised read-outs of blood 
analyses. Most of the class refused 
to attempt the question. 1 think they 
felt its intricacies were so mentally 
disturbing that to tackle it would 
interfere with their answering the rest 
of the examination. 

Arithmetical problems also arise 
with residues in food. The Delaney 
Clause of the Food Additives Amend- 
ment is interpreted as prohibiting the 
presence in food of any added 
carcinogen at any level, no matter 
how low. Supporters of the clause 
often say that there is no "non- 
carcinogenic" level of any carcinogen. 
This “‘no-threshold” concept is some- 
times arbitrarily extended to toxico- 
logical effects other than cancer. This 
controverts the essential basis of the 
science of toxicology that the dose 
determines the poison. As a result, 
per cent, parts per million and parts 
per billion (ppb) merge hazily into 
each other in the minds of many 
people. I wonder how many mathe- 
maticians would willingly drink a glass 
of water if they were told it contained 
30ppb of arsenic? Yet the human 
body normally contains 40 to 300 ppb. 

There was a protest about the 
arsenic content of California wines in 
one of our local magazines, with the 
usual charges about the malfeasance 
of those who would poison for profit. 
The authors vividly described the 
agonies resulting from arsenic over- 
dosage. without mentioning the 
quantities involved. They also hinted 
darkly at a University of California 
cover-up of the analytical results on 
wine. I pointed out that the offending 
wines had a range of 5 to 116 ppb 
of arsenic and that marine fish con- 
tain 2,000 to 8,000 ppb. It was no use; 
the authors stuck by their smoking 
guns, and talked about arsenic and 
cancer, and the rights of consumers 
to be informed of "the complete 
known and suspected contents of all 
food. beverages, drugs. water and 


fortunate and the period allowed for a 
response very short. It is not clear why 
such a major change in approach 
should be treated with such urgency, 
We urge that time be allowed to collect 
more risk data. to assess the risk assess- 
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air." I hope that they stop by the 


health food store for some dried 
kelp, and ask for information on its 
arsenic content. 

The arithmetic of selenium has 
stumped the finest minds in the FDA 
for about 20 years. It seems that they 
think selenium is a carcinogen. It 
came into initial prominence in the 
1930s as a teratogen in farm animals 
that were fed wheat from seleniferous 
soils in the Dakotas. In 1957, it was 
found at the National Institutes of 
Health, and simultaneously by our 
group at Lederle Laboratories, that 
selenium was an essential nutrient, 
and within a few months, selenium 
deficiency in farm animals was 
reported from many parts of the 
world, especially in New Zealand, but 
also in the USA, despite the excess 
in the Dakotas. Mindful of the 
Delaney Clause, the FDA refused to 
permit addition of selenium, as salts, 
to animal feeds. Of course, they 
could not stop the use of fishmeal as 
a source of selenium. A little arith- 
metic would have helped: about 0.1 
to 0.3 part per million of selenium in 
the diet is essential, Delaney or no 
Delaney, and 5 to 10 ppm is toxic. 

The emotions aroused by arith- 
metical amblyopia reach a peak in 
disputes over fluorine. A Pittsburgh 
judge has just acceded to impassioned 
pleas that fluoridation of the local 
water supply be halted. The water 
contained 0.4 ppm of fluoride before 
fluoridation, and the procedure that 
was stopped raised this to 1.0 ppm. 
Apparently the added 0.6 ppm was 
ruled to be deadly. for some non- 
arithmetical reason. Incidentally, sea- 
water contains 1.4 ppm and supports 
a flourishing fauna, including 
creatures which have splendid teeth. 





ment approach in relation to current 
categorisation. and to assess the impact 
of the new NIH Guidelines, before any 
firm decisions about major changes in 
the approach to categorisation аге 
made. oO 
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Researchers and the SRC 


S12,—We are a group of non-tenured 
research faculty who have been’  * 
working for the University of Sussex 
for periods up to and exceeding ten 
during which time the university 

benefited both from our skills and 
reputation and from the capital funds 
attracted by our research. 


We have read with interest the recent’ 


articles in Nature -which discussed the | 
problems of people in our situation and 
would like readers to be aware of: our 
existence as а group and of our '· 
position on the issues. We feel that the 
problem— while. certainly a national 
probem cm in fact, be solved by 
ocal action at 'uhiversity level: the .: 
issue ш not ‘one concern daria acid 
payments, but that. the үү as 

and should, provide permanent pee 
employment for those of us who have 
demonstrated our proficiency and. 
usefulness in the pest. 

The discussion in Nature has so far 
been concerned with researchers who 
derived their support from the MRC 
* but there are many who have been 
supported fót long periods by-the . 
Science. Research Council. The SRC 


seems to support fundamental research ^ 


in this country on the hypocritical 
assumption that it is the universities 
and their tenured staff who dre, carrying: 
out the research. In fact, because of the 
increasing complexity of research à 
projects and the increasing demands on’ 
the time of tenured faculty, it seems 
that no university group can on 
any really SOLAS осеке гова 

without the help of some due 
post-doctoral research personnel. Under 
present conditions these research ~ '- 
persdnnel are almost alwa ' es 
non-tenured. In, spite-of the essential 
role played by these non-tenured 
researchers in doing the actual research: 
the SRC maintains а policy: of not 
supporting non-tenured research 
workers beyond, a certain age. 


Jn the past there was enough turnover’ 


in university and, national laboratory 
personnel so that most nor-tenuüred 
research workers eventually found a « 
post. Also, the. University Grants . 
Committee used to provide funds to 
allow research projects to be “taken 
over” by universities but this no longer ' 
occurs. Many SRC officials, and aaa 
the Council itself, still seem. to foel- 

that the universities are under 
obligation to give permanent 

em ent tó research workers even- 
though the universities claim: this ds 
impossible to do. 

Even when they are їп а position to, 
make appointments the universities are 
not living up to their: responsibilities. 

' The majority of recent new'university. 

* posts have. been limited.to the.flrst few. 
points on the lecturer's scale, thereby 
restricting them tó people about thirty 
or vounger. One of us was told by a 
professor who had- just made an E 

` appointment, that he did.not think any 
university would ever offer him a 
lectureship because of his seniority— 
referring both 10 his ‘age and abilities. 


at Pozzuoli |.’ 


On а less personal level, the university 
here has refused to give any 
undertaking, in negotiations with the 
AUT; to show some preference to 
alder people in temporary positions’ 


when and if new posts become available. ` 


It is clear that in many cases the‘ * 
SRC is aware of the current situation. 
One of our members is currently 
supported under a research grant 
which contains a special condition that 
requires the university to employ only 
that particular individual as the 
researcher on that project, thus 
explicitly recognising his essential role. 
The SRC- must however face the fact 
that at the moment scientific research 
in this country is conducted on an 
unconscionable basis, with untenured 
research personnel being treated Шке 
serfs іп a‘feudal society. rather than 
the workers providing the intellectual 
capital which is essential to the future 
of a society which prides itself on its 
democratic traditions. The: present 
organisation of research is basically 
inefficient and unstable and cannot be. 
continued much longer: the conditions 
of employment of non-tenured research’ 
workers would not be tolerated in any ' 
other sector of our society . 

Present SRC policies include: age, 
restrictions. on appointments to SRC 
establishments; age restrictions on the. 
non-tenured research. personnel 
supported by SRC grants; attenipts to 
force the universities to “take over” 
Tesearch contracts and personnel while 
the UGC refuges to provide the 
resources for such “take overs”; and 
réstriction of.the right to apply for. 
SRC research grants to tenured 
members of university faculties. These 
are making an already difficult 
situation ` incalculably more: damaging 
than it has to be. > 

There is evidently a need for basic . 
research if-Britain is to maintain апу. 
sort of compétitive position in the 
developed world. The only way we can - 
compete in international markets is by · 
making maximum use of the skills and 
creative abilities of our people not Бу. 
discarding those of us who have’ , 
mastered and perfected some of the 
most sophisticated skills necessary for 
complex modern technologies. : .. 

R. GoLus, О NEwrON, M. Gres 
University of Sussex, UK. 
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Seismic prediction — - 

‘ г) 
Sir,—Tazieff (8 September 1977, page 
96) makes accusations that I 4 
deliberately put about wrong. data, іп, 
1970 concerning warning signs that’ an 
erruption could occur in the vicinity ‘of 


the city of.Pozzuoli. This.is not the first 
time he.has made this statement and F 


‘have already answered him:in а 


technical note presented” to the ' 


Pohtanian Academy in 1973, a copy of ` 
which I sent to him. I can state that it ^ 


is completely untrue that I was the 
source of bulletins or news of an 
impending eruption in Campi Flegrei. 
Indeed to the best of my knowledge no 


such news was spread at all. 
Perhaps I may go further. Tazieff 


: speaks of false claims of a “conspicuous 


temperature tise of the Solfatara's 


`` fumaroles"; but in 1970 I wrote 


“geothermal measurements at the: 
Solfatara have not shown up to June 9 
(the date I corrected proofs), any 
sensible variation m temperature". 
Tazieff further speeks of false claims of 
extremely shallow tarthquakes, 
claiming his team disproved their 
existence. A paper by I. Guerra et al. 
in Quaderni della Ricerca Scientifica 
No. 82 (1972) reproduces the 
seismograms from these quakes and 
mentions a "superfciality of foci". 
Finally Tazieff says that the vertical 
ground movement or brady-selsm was 
no faster than usuelly noticed over the 
centuries as opposed to claims that the 
ground had been pushed up one metre 
in а "very short while”. Readers сап 
judge for themsely=s by lookin 
Casertano et al. (Nature 264, 1 i en; 
1976) whether the motion was a os 
—in my reckoning it went up to 60- 
times average. 

During my involvement in these. 
matters I acted according to my-moral 
duties without any external pressure. 
Only after the order to move out of 
tottering houses (not the city, as 
Tazieff declares) cculd I rest peacefully, 
and even then of course hardly with 
much pleasure at seeing poor people 
evicted., In fact ev ction saved lives, 
maybe .as many ре fifty because 
buildings fell dowr in 1970 and 1972. 
Tazieff indeed supported a motion on 
18 March 1970 whsch excluded the 
possibility of peop e reinhabiting old 
crumbling houses. 

Very briefly, my involvement was 
this. I first reported the inversion of the 
Phlegrean brady-seism to the authorities 


‘on 12 February 1©70, mentioning a 


ground upheaval о” about 80 cm in little 
more. than a year. I warned of the 
possibility of seisriric phenomena and 
that even the continuation of the ' 
brady-seism' might unsettle the buildings 
in the area At the first shock (1 March 
1970) a decree evacuating tottering 
bnudings was issued, as a precaution. 
650’ shocks were recorded up to 16 


‘November 1970, six felt in Pozzuoli 


itself at up to IV on the Mercalli scale. 
Three died in November from falling 
masonry and rocks. In my letter of 12 
February I had foreseen a seismic, not an 
eruptive phenomenon. 

For ‘the sake of brevity I have only 
refuted a part of, T'azieff's gratuitous 
statements: it would be possible, 
quoting published savers to amass much 
more scientific criticism. Tazieff states 


'arbitrary conclusicns in order to give 


value to the seriovs charge of a 


supposed participa ion in a “construction 
operation". He gives no direct proof, ` 


nor, does any exist, while the indirect 
ones he reports are wrong or deliberately ` 
altered. ‘Therefore all of his statements 


are nothing but products of fancy. 


Grusepre Їмвӧ 
Instituto di Geología e Geofisica 
dell Università degli Studi, 
Naples, Italy. 
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news and views 





Chromosomal aberrations at very low 
radiation dose rates — 


from John R. K. Savage 


OnE effective way of determining 
whether an individual has been exposed 
to ionising radiation is to look for an 
increase in structural abnormalities in 
the chromosomes of their white blood 
cells after the cells have been induced 
to divide in the laboratory. The exposure 
to radiation produces chromosome 
damage which shows up at mitosis 
as structurally abnormal chromosomes 
in the resulting daughter cells. In cer- 
tain cases it is even possible to cal- 
culate the dose of radiation received 
(Dolphin, Lloyd & Purrott NRPB 
Report R13; 1973; Dolphin, Lloyd & 
Purrott Health Phys. 25, 7; 1973). 
(Chromosome-type aberrations follow- 
ing radiation fall into two main cate- 
gories. Asymmetrical, which always 
result in an acentric fragment and are 
readily scorable with conventional 
staining. These are also termed ‘un- 
stable’, as few cells carrying them can 
survive cell division. Symmetrical 
aberrations, on the other hand, do not 
result in acentric fragments and rela- 
tively few are scorable without recourse 
to special staining methods. Such aber- 
rations are termed balanced because 
they do not pose any mechanical prob- 
lem or lead to genetic loss at cell 
division and so the changed chromo- 
somes can be passed on to the 
cell progeny (Savage J. med. Genet. 
13, 103; 1976)) This method has 
chiefly been used to detect acute 
radiation exposure, usually at levels 
above the permitted maximum, al- 
though the data are often difficult to 
interpret in cases of accident or 
environmental exposure where the 
ideal methodological conditions are im- 
possible to obtain. In this issue of 
Nature, however (page 531), H J. 
Evans and colleagues have shown that 
the technique can be successfully used 
to demonstrate a cumulative effect of 
very low doses of radiation over 10 
years in nuclear-dockyard workers who 
have been exposed to doses well below 
the internationally agreed maximum 
permissible.level of 5 rem per year. 
o dec ni Qe P oe эшш eee 
John R. K. Savage is at the MRC Radio- 
biology Unit, Harwell. 
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At very low doses, or with very long 
exposure times, when a long period is 
required to accumulate a signiflcant 
dose, many of the radiobiological 
problems (such as dose rate or dose 
fractionation) associated with the 
effects of large acute doses on aber- 
ration yield disappear Uniform ex- 
posure throughout the body also be- 
comes less important as circulation, 
and the mixing of the lymphocyte pool, 
will tend towards greater dose uni- 
formity in the sampled population 
Similarly, differences in the mode of 
formation of aberrations by radiation 
of different qualities (which shows up 
as the degree of curvature in the dose- 
response curve) are reduced, and all 
categories of aberration increase 
linearly with dose. 

Cumulative doses over long periods 
have problems of ther own however. 
For example. after an acute dose, there 
ig a gradual reduction in asymmetrical 
(unstable) aberrations with time іл 
vivo, as a result of the loss of aged 
cells, accompanied by an influx of 
‘normal’ celis by division of lympho- 
cyte precursors These ‘normal’ celis 
will of course also include the progeny 
of those cells with symmetrical aberra- 
tions The half-life of unstable cells in 
circulating blood 15 around 3 years 
(Dolphin et al. op. cit), so with pro- 
longed exposure there is a continuous 
loss of damaged cells at the same time 
as new damage is being generated 

The effects of long-term exposure are 
complicated by the fact that the ex- 
posed subject is ageing. If there is any 
change in the spontaneous frequency 
of aberrations with increasing age (and 
there is evidence for this in man), or if 
there is any change in intrinsic radio 
sensitivity (very little within the age 
range considered here (Evans in 
Chromosomes and Cancer (ed. German) 
191, Wiley, New York, 1974) the 
observed aberration yield may well 
show an increase with accumulated 
dose since larger doses will be received 
by older subjects, provided they con- 
tinue at risk. 

Such complications must therefore be 


eliminated before a positive dose effect 
can be established This has been done 
by careful statistical analysis in Evans 
et al.’s paper, and a significant effect 
for unstable aberrations results 
Aneuploidy, and chromatid-type aberra- 
tions, neither of which are likely to be 
the result of radiation exposure (in this 
experiment at least) did not show any 
such dependence upon dose, although 
both showed positive increase with age 

The absence of a significant effect 
for symmetrical (stable) aberrations is 
puzzling, and cannot be entirely ex- 
plained away by the difficulties of 
detection, since one assumes that 
scoring efficiency for this class is con- 
stant at each sampling time Further- 
more, such aberrations are not expected 
to be selected against by the same 
mechanisms which eliminate unstable 
forms, so one might have anticipated 
accumulation at a faster rate. The 
application of modern banding tech- 
niques now enables these types to be 
scored with high efficiency, so such 
questions as relative selection could be 
solved Certainly such forms persist for 
up to 60 years in dermal fibroblasts (a 
very slow turnover cell population) 
following therapeutic radiation (Savage 
& Bigger in Mutagen-induced Chromo- 
some Damage in Man, 155, University 
Press, Edinburgh, 1978), though some 
recent experiments in Syrian hamster 
skin (D. Couzin, unpublished) suggest 
that there may be a gradual elimina- 
tion even of symmetrical forms with 
time in vivo. 

The observed rate of aberration 
accumulation (which equals the dose- 
response curve in this case) is probably 
some function of the turnover rate of 
the cell population Experiments with 
chronic v-irradiation in plants (Evans 
& Sparrow op. cit; Sax Science 112, 
332, 1950; Sparrow & Evans Brook- 
haven Symp. Biol. 14, 76; 1961) have 
shown that aberrations can reach an 
equilibrium frequency, the level of 
which is influenced by both dose rate 
and cell kinetics Possibly it is the very - 
slow turnover of lymphocytes that 
allows an accumulation to be recorded 
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In which case the picture might be 
.quite different for other tissues in these 
workers, particularly in those. with a 
fast cell turnover This must be borne 
in mind ‘when extrapolation is made. 

It is important to note that the cor- 
rected results represent a finite ‘popu- 
lation’ trend over several years. Similar 
findings within: an individual, sampled 
on successive occasions, would be 
almost impossible. The magnitude of 
a Poisson confidence interval at this 
sort of aberration frequency is not 
generally appreciated. Even the four- 
fold increase above background found 
here would not be detected without a 
phenomenal amount of кош аз the 
authors point.out. 

The principal significance: of -the 
findings lies in the demonstration that 
effects at these very low dose rates can 
be found if care is exercised in the 
analysis to eliminate confounding fac- 
tors. : | 
The increase reported here has been 


established for visible unstable types 
which are invariably cell- lethal. We 
may infer that similar increases prob- 
ably occur in stable types and in some 
changes too small to be detected: Бу 
conventional methods. It is these trans- 
missible types where any genetic sig- 
nificance must be sought. However, 
their importance depends not only on 
the nature of the changes but where in 
the genome they occur and also in what 
cells they are found: For example, very 
gross chromosomal changes, orders of 
magnitude above those found here 
persist in the fifbroblasts of human skin 
for many years following therapy with- 
out impairment of other functions or 
any problems for the individual. As 
pointed out above the rate of accumu- 
lation is likely to vary between cell 
systems and one will want to know 
what ‘happens in other tissues, such as 
testis, before a real evaluation of any 
possible hazard can be made. Е 


Sulphide ore deposits. | | 


from J. P. N. Bedham 


Ir is rare that the exponents of so 
observational a science as, geology can 
have the satisfaction of saying ‘we told 
you so’; rarer still does the prediction 
turn out to be lucrative. The discovery 
of ‘massive’ sulphide deposits on the 
East Pacific sea-floor by the CYAMEX 
team fulfills just such a prediction. To 
be sure we have had the stupendous 
reserves of the Red Sea brines for some 
time, but, despite the denials of 
Cronan and others, there always re- 
mained the lingering doubt that in so 
small an ocean, so close to, land and so 
near to major salt deposits something 
odd ‘тау have happened. What was 
needed to' dispel this doubt and to 
satisfy the ‘financiers of deep sea 
research programmes that they may 
be on to a winner has now been found 
What were the predictions based on? 
It has been accepted for some time 
now that ophiolite complexes are the 
only parts of oceanic crust to have 
escaped destruction in ` subduction 
' Zones. Many of these complexes con- 
tain copper-zinc-iron. sulphide ‘ores. 
Indeed one—the Troodos in Cyprus— 
has been mined for so long that there 
is debate as to whether the metal gave 
its name to the island or vice versa. 
The Troodos ores occur in lenses (1 to 
' 10 million tons) capped by осһгеѕ 
(ferruginous muds), cherts and umbers 
(manganiferous muds) They have long 
been recognised as chemical sedi- 


» J. P. N. Bedham is in the Geology Depart- 
ment. Southampton University 
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ments. The massive sulphide lenses are 
underlain by disseminated mineralisa- 
tion in highly altered  host-rocks. 
These are always pillow lavas and are 
usually the earliest in the sequence— 
that is, they were formed at the axis 
of a spreading-ceritre. Their alteration 


was caused by а hydrous fluid at 


temperatures, ranging up to 400°C. 
Less intense hydrothermal alteration 
has been recognised throughout the 
upper 3km of the ophiolite. Such are 
the field observations supporting an 
origin of the ores at the spreading- 
centre by precipitation from an exhaled 
fluid. ` However, the problems of 
sources of the fluid, metals and sulphur 
and of the’ mode of precipitation 
required àn experimental approach. 
Lister has shown that sea-water can 
interact with lava to generate an ideal 
potential ore-fluid. The interaction 
cools and hydrolyses the. lava and the 
fluid becomes hotter, more concen- 
trated and acidic. Such a fluid can 
selectively leach base-metals from rocks 
and transport them ‘in solution as 
chloride complexes. The rate of cooling 
of newly generated oceanic crust 
requires that the predominant heat loss 
is by convective circulation of sea- 
water. Spooner and others have, shown 
convincingly from isotopic studies that 
the water which altered ophiolite piles 
was essentially sea-water. Both -Lister 
and Spooner, by separate approaches, 
have argued that the data require 
many rock-volumes: of water to have 
traversed the altered strata. Models of 


.have found the first sulphides. 
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hydrothermal systems have shown how 
water brought into rock by downward 
percolation over a wide cachement, is 
exhaled at the thermal centre. Corless 


"has shown that the abundance of many 


elements in the oceans may in fact be 
controlled by hydrothermal processes 
and not by continental run-off as has 
been previously thought. These experi- 
mental data have allowed a whole new 
perception of the interdependence of 
hydrosphere and ocean crust. 

‘Sato derived a series of elegant 
models to show how hot, metalliferous, 
acidic brines could be either more or 
less dense than sea-water, this depend- 
ing on the balance between tempera- 
ture and the amount of dissolved solids. 
Interaction. of such brines with the 
effectively infinite reservoir of sea- 
water would result in rapid cooling and 
dilution. Such conditions would de- 
stabilise the chloride complexes causing 
the metals to precipitate. The lower 
density fluids would disperse, pre- 
cipitating their metals over a wide 
zone. Such a process explains well the 
pronounced metal enrichments in 
sediments around all the mid-oceanic 
ridges. It could-indeed account for the 
metal content of manganese nodules. 
The denser fluids would remain on the 
sea-floor and flow down into the nearest 
topographic low, there to precipitate 
their metals. In many cases the site of 
exhalation may itself be a depression 
and the metals would accumulate 
above their feeder. 

Three sources for the sulphur have 
been proposed—the fluid itself, in- 
organically reduced sea-water and 
organically reduced sea-water. The 
abundance of carbonaceous sediments 
associated with exhalative ore deposits 
and the remarkable discoveries of an 
aphotic biota around hot-springs on the 
ócean-floor near the Galapagos Islands 
has enhanced the case for an organic 
reduction of sea-water. Sulphur iso- 
tope studies have usually indicated an 
inorganic source. 

Such then wes the agreement be- 
tween experimental and fleld data that 
discovery of sulphides on the sea-floor 
was only a matter of time. Numerous 
examples of metalliferous sediments, of 
ferruginous and manganiferous crusts 
and indeed of active, but rather cool, 
springs have been reported in recent 
years. However the CYAMEX team 
The 
technical problems of navigating and 
sampling in an oceanic rift are stupen- 
dous. The fact that the crew recognised 
the oddity of these rocks and sampled 
them is a credit to them and we can 
only look forward eagerly to results of 
their further investigations at the site. 

But what exactly have they found? 
It would appear from their descriptions 
that they have, not a massive sulphide 
lens as such. but the deposits around 
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the vents of hydrothermal springs. 
They have shown that sulphides can be 
formed directly on the sea-floor—that 
is, that sulphur is an integral part of 
the system and not a later, but neces- 
sary, additive The spires of sulphides 
and silica lie directly on pillow lavas 
and the fluids that were exhaled from 
these vents have deposited the bulk of 
their load elsewhere. Where? Were 
the fluids heavier than sea-water, in 
which case we can expect the imminent 
discovery of a genuine massive sulphide 
lens nearby; or hghter, their metals 
dispersed? These are the questions that 
must now be investigated. The chances 
of finding a massive sulphide lens are 
probably low—the system appears to 
have been oxidised too soon and too 
close to its vents, and many of its 
metals may never have ' been pre- 
cipitated. 

Finally, economic 


what of the 


implications? The recovery of massive 
sulphides from the sea-floor would 
seem to be economically remote with 
no shortages in terrestrial reserves of 
copper and zinc. 
extraction of metalliferous brines offers 
a far better prospect. It is to this that 
the mining houses must turn their eyes. 
Is this discovery a complete fluke or 
could there really be a ribbon of 
sulphides along the ridges? Mid- 
oceanic ridges are generally far too 
exposed to the. physical and chemical 
vagaries of the open oceans to have 
encouraged large scale, undisturbed, 
reduced environments for the common 
preservation of massive sulphides. Back 
arc basins, such as the Japan or 
Phillipine seas offer the same magmatic 
and hydrothermal processes, but in a 
far more protected environment. It is 
in these that a discovery of major 
sulphide deposits 1s more likely. a 


The recA gene product 


from B. A. Bridges 


Tus recA* gene in Escherichia coli is 
involved in many cellular functions; 
in particular it is absolutely required 
for general recombination (as distinct 
from site-specific or illegitimate recom- 
bination) It 1s also required for a 
number, of processes which have been 
suggested to be ‘inducible’ by DNA 
damage. The prototype recA*-depen- 
dent inducible process is induction of 
prophage A and this is the only recA?- 
dependent process for which a repres- 
sor (A immunity repressor) is known 
and characterised. For others, such 
as Weigle reactivation, filamentation 
or control of DNA degradation, the 
existence of a repressor remains 
hypothetical. One thing that is clear, 
however, is that the recA* gene pro- 
duct is made in very large quantities 
following treatments (such as ultra- 
violet irradiation) which elicit prophage 
induction and other ‘inducible’ pheno- 
mena. 

A recent breakthrough towards 
understanding the function of the 
recA* gene product came with the 
observation that a proteolytic activity 
capable of cleaving A repressor was 
present in extracts of cells known to 
contain large quantities of a mutant 
recA protein specified by an allele of 
recA called rif (Roberts et al. Proc. 
natn. Acad. Sci U.S.A. 74, 2283; 
1977). Such cells constitutively express 
‘inducible’ functions. Recently, the 
recA protein from fif cells has been 
further purified to chromatographic 
homogenelty and an ATP-dependent 
proteolytic activity specific for А re- 
pressor has been shown to be associated 
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with it (Roberts ef al. Proc. natn. 
Acad. Sci. U.S.A. 75, 4714; 1978) 
RecA* protein possesses only about 
20-25% of the proteolytic activity asso- 
ciated with the variant protein from 
tif cells. 

The discovery of A repressor in- 
activating activity associated with 
recA* protein has tended to focus 
attention on its possible role in con- 
trolling ‘inducible’ functions to the 
relative neglect of its role in genetic 
recombination Yet the earliest charac- 
terisation of the protein, which was 
only subsequently found to be the pro- 
duct of the recA* gene revealed that it 
bound to single-stranded DNA (Gudas 
& Pardee J. molec. Biol. 101, 459; 1976) 
and there have been many observa- 
tions suggesting that recA* protein at 
its normal relatively low level must 
interact directly wth DNA during 
both recombination and repair, without 
any requirement for synthesis of large 
amounts such as might follow induc- 
tion 

Such a direct role of recA* protein 
in DNA metabolism has now been 
established. Following the report 
(Ogawa, Cold Spring Harbor Symp. 
quant. Biol. 43, in press) that recA* 
protein hydrolyses ATP in the presence 
of single-stranded DNA, Weinstock, 
McEntee and Lehman (Proc natn. 
Acad, Sci. 76, 126; 1979) have shown 
that recA* protein purified to near 
homogeneity catalyses an ATP-depen- 
dent renaturation of complementary 
single strands of DNA. The relative 
actiwties at different temperatures of 
the protein from a cold-sensitive recA 
mutant confirm that this activity is an 
intrinsic function of the recA* protein 
Thus recA* protein is а ‘windase’ or 


Potentially cheap- 
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‘annealase’ and as such can be readily 
envisaged to have a specific primary 
role both in recombination and in the 
repair of damaged DNA 

In a parallel investigation following 
independent purification, Shibata, Das 
Gupta, Cunningham апа  Radding 
(Proc natn. Acad. Sci U S.A. in the 
press) have pursued the matter one 
step further and shown that the 
recA* protein сап catalyse the 
ATP-dependent pairing of superhelical 
DNA and homologous single-stranded 
fragments to form D loops. Thus single- 
strand ends are aggressive and can in- 
vade homologous superhelical DNA in 
the presence of recA* protein; in its 
absence, such a reaction occurs only at 
high temperature. D loops are known 
to be a substrate for some endo- 
nucleases (including the recBC DNase). 
One can therefore begin to see how 
recombination may be initiated and the 
way now lies open for exploring the 
whole process in vitro. 

In view of the involvement of the 
recA* gene in controlling degradation 
of damaged DNA and its possible in- 
volvement in allowing error-prone base 
insertion opposite a damaged template 
strand, it would also be interesting 
to investigate the effect of recA* 
protein in vitro, on say, exonuclease 
V activity and the 375 (proof- 
reading) exonuclease activity of DNA 
polymerase IIL Three recombination- 
proficient alleles of the recA* gene, 
namely fif, recA* and lexB all yield a 
gene product with similar ‘annealase’ 
activity although they differ markedly 
in expression of inducible functions. 

The data so far are consistent with 
recA* protein’s being rather complex 
in its activities, apparently showing 
specific proteolytic activity, DNA-de- 
pendent ATPase activity and ATP- 
dependent 'annealase' activity. More- 
over, it seems also to control its own 
induction and synthesis. Such complex 
activity in a simple tetramer of subunit 
molecular weight 40,000 is not incon- 
ceivable but neither is it common. 

Because normal levels of recA* pro- 
tein are insufficient to cause derepres- 
sion of prophage X one may well 
imagine that many phenomena depend- 
ing on constitutive levels involve its 
acting as an annealase, for example 
normal recombination, post-replication 
recombinational repair, mutation in 
unreplicated DNA and repair of single- 
strand breaks produced by ionising 
radiation (this is not to say that raised 
levels of recA* protein might not en- 
hance these processes) Phenomena 
that occur only with elevated induced 
levels of recA* protein could involve 
either annealase activity (for example, 
control of DNA degradation, multiple 
crossovers dunng Hfr x F crosses 
(Lloyd J. Bact 134, 929; 1978)) or re- 
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pressor cleavage (A induction for exam- 
ple) or possibly both. In some cases 
(Weigle reactivation, filamentation) 
the mechanism is still obscure. 

There is still, however, a niggling 
doubt about ascribing the proteolytic 
activity to the recA* protein As 
Roberts et al. state, they cannot exclude 
the possibility that a contaminating 
protease is present in their preparations 
even though they are chromatographi- 
cally homogeneous. Consistent with 
this possibility is the observation that 
bacteria containing constitutive high 
levels of recA* protein due to the pre- 
sence of the controlling mutation spr do 
not show constitutive А induction nor 
do crude extracts possess high ability 
to inactivate À repressor (Roberts et al 
Proc natn Acad Sci. U.S.A. 75, 4714; 
1978) Several workers have suggested 
that the recA* protein requires a 
cofactor to be active in prophage in- 
duction. It is not totally inconceivable 
that such a cofactor might be the pro- 
tease and that it is present in greater 
amounts in ff mutants (although such 
speculation does present its own dif- 
ficulties) Thus although the evidence 
that recA* protein is both a protease 
and a DNA annealase may be sufficient 
to sustain the idea as a working hypo- 
thesis, more definitive evidence must 
be sought and the possibility of further 
revelations of the functions of this 
remarkable protein cannot be ex- 
cluded. o 


Chamber crystals in 
the stratosphere 


from Brian A. Thrush 


One aspect of stratospheric chemistry 
which has been largely overlooked in 
the recent flurry of activity has been 
the role of the aerosol particles These 
form the Junge layer in the lower 
stratosphere and have their peak den- 
sity at an altitude of about 18 km. 
Although these particles, which have 
sizes in the range 0 05-1 um, number 
only about one per cm’, the amount of 
material they contain is comparable 
with the amounts of important trace 
materials in the lower stratosphere, 
such as the nitrogen oxides. If these 
species reacted efficiently with the aero- 
sol particles, this process could be 
significant to the chemistry of the 
stratosphere. Chemical analysis shows 
this aerosol to contain ammonium sul- 
phate, accompanied by  persulphate 
and perhaps chloride, but recently Far- 
low er al. (7 geophys. Res. 83, 6207- 
11; 1978) have tentatively identified 
two nitrosyl sulphuric acids, NOHSO, 
and NOHS.O, by electron diffraction 
studies of aerosol particles collected by 
U-2 aircraft. 
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Poles apart? 


from Сие Lloyd 


THERE is still much to be learned 
about the mitotic apparatus, especially 
the nature of spindle organisers. 
Such microtubule-organising centres 
(MTOCs) are believed to exist at each 
spindle pole, where, by nucleating the 
assembly of microtubules, they help 
construct half-spindles along which 
sister chromatids are guided to op- 
posite poles. Jn vitro studies confirm 
that microtubules can self-assemble, 
but the value of MTOCs is that they 
localise assembly and so help control 
planes of division important for 
shaping tissues. The most familiar 
MTOC is associated with the centriole 
which is a highly structured organelle 
resembling a vestigial flagellum. It is 
noteworthy, though, that amorphous 
pericentriolar material would seem to 
be the spindle organiser in in vitro 
polymerisation studies on Chinese 
hamster ovary cells so, if nothing 
else, the centriole provides a con- 
venient signpost for such associated 
material (Gould & Borisy J Cell Biol. 
73, 601; 1977). 

Definite pole bodies are to be seen 
in algae and fungi, but in higher 
plants we are confronted with the 
problem tha£ such structures are not 
visualised in ultrastructural studies of 
dividing cells. This has forced the 
alternative view that accumulated 
endoplasmic reticulum seen at the 
poles could, by sequestering calcium, 
precipitate localised formation of 
microtubules (Hepler in Mechanisms 
& Control of Cell Division (eds Rost 
& Gifford) 1977), although it is ad- 
mittedly difficult to see how, in the 
absence of a template, the number, 
pattern and precise location of micro- 
tubules could be controlled. 

However, a recent study on the 
effect of a herbicide on 3T3 fibro- 
blasts rekindles interest in presump- 
tive spindle organisers since the drug 
is well known to produce mitotic ab- 
normalities in plants. Oliver et al. 


The stratosphere is very dry, contain- 
ing only a few parts per million of 
water, and it is interesting to note that 
NOHSO, is very stable under such 
conditions It is familiar to chemists as 
forming the 'chamber crystals' which 
appear in the lead chamber process for 
making sulphuric acid. They are 
formed from sulphur dioxide and nitro- 
gen dioxide (NO) when insufficient 
water is present. The authors point out 
that if this compound comprised 2096 
of the sulphate in stratospheric aerosol 
then this would contain about one third 
of the amount of nitric oxide (NO) 


which is present at these altitudes 
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(Expl Cell Res. 116, 229; 1978), showed 
that chloro-isopropyl N-phenyl car- 
bamate (CIPC) causes the formation 
of multinocleate cells by inducing 
multipolar mitotic spindles, In vitro 
polymerisation studies indicated that 
CIPC, unlike colchicine, did not 
interfere with tubulin assembly and 
so it was concluded that the herbicide 
had affected spindle MTOCs rather 
than microtubules per se This report 
on animal cells echoes the earlier 
study of Hepler and Jackson (J. Cell 
Sci, 5, 727; 1969) on dividing nuclei 
in the endosperm of the African 
blood lilly. Whereas colchicine caused 
microtubule disassembly, IPC did not, 
but with the latter treatment multi- 
polar spindles were formed. However, 
although microtubules were seen to 
radiate from some central locus, 
electron microscopy failed to give 
shape to the spindle pole. Following 
this, Coss & Pickett-Heaps (J. Cell 
Biol. 63, 84; 1974) used IPC to 
examine division in the green alga, 
Oedogonium cardiacum. They, too, 
found that multinucleate cells were 
formed, suggesting that the herbicide 
increased the number of MTOCs No 
such bodies could be identified in 
thin sections but with high voltage 
electron microscopy on thick sections 
the picture was quite different, for 
morphologically distinctive spindle 
pole bodies were revealed in both 
normal and drug-treated mitoses This 
family of reactions on representatives 
of animal cells, higher plants and 
algae indicates that some divisible 
MTOC is being affected by the herbi- 
cides but it remains to be determined 
whether endoplasmic reticulum, as 
opposed to some other associated, 
perhaps amorphous, nucleation site, 
is being perturbed in higher plant 
cells Г] 





Biosciences 
Division, Unilever Research, Bedford. 


Clive Lloyd is in the 





Because the nitrogen oxides NO and 
МО, catalytically destroy ozone in the 
stratosphere, any process which affects 
their concentrations is potentially im- 
portant In fact, neither the measured 
ratio of NO and NO3 to nitric acid 
(HONO) nor the failure to detect 
pernitric acid (HONO) in the lower 
stratosphere agree well with predictions 
based on known homogeneous chemi- 
cal reactions. Reactions involving aero- 
sol particles may be implicated here 
In the stratosphere, these nitrogen 
compounds come mainly from nitrous 
oxide (N:O) derived from denitrifica- 
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enhanced by increased use of nitrate 
fertilisers. Some nitrogen oxides are 
directly injected into the stratosphere 
from the exhausts of high-flying air- 
craft. For this reason it is tempting to 
see the formation of ‘chamber crystals’ 
as a means by which the stratosphere 
can simultaneously purge itself of two 
pollutants, but any such contribution 
will be confined to the lower atmos- 
phere (the troposphere). Settling of 
stratospheric aerosol would not provide 
a significant process for removing 
nitrogen oxides from the stratosphere, 
by comparison with rain out of nitric 
acid. Furthermore, the increase in 
stratospheric aerosol in recent years is 
generally attributed to volcanic erup- 
tions such as Agung in 1963 rather 
than to the increased burning of fossil 
fuels because of the efficiency with 
which tropospheric processes remove 
sulphur oxides. o 
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As an illustration of the general char- 
acter of the woodcuts which so pro- 
fusely adorn this volume [Cassell’s 
Natural History, volume II] we have 
selected one of an interesting animal 
which has been a great puzzle to the 
systematic zoologist. “The Binturong 
(Arctitis binturong) is a curious little 
animal of a black colour, with a white 
border to its ears; it has a large head 
and turned-up nose; its tail is im- 
mensely long, thick and tapering, and 
which is very remarkable it is prehen- 
sile, like that of a new world monkey. 
It is quite nocturnal, solitary and 
arboreal in its habits. Its howl is loud. 
It is placed by Mr Parker among the 
group of the civets.” 

From Nature 19, 13 Feb. 345; 1879. 





The spiral structure of galaxies 


from Bernard Jones and Scott Tremaine 


One of the most vexing problems in 
theoretical astrophysics has been the 
explanation of the beautiful spiral 
patterns seen in many galaxies. It is 
easy enough to produce spiral struc- 
ture in both galaxies and coffee cups: 
because they rotate differentially (the 
inner parts revolve faster than the 
outer parts), an irregular gas cloud or 
a dribble of cream is rapidly sheared 
into a spiral feature which looks very 
similar to a galactic spiral arm. The 
difficulty is that by now most galaxies 
have undergone 50-100 revolutions, so 
that any primordial spiral arms would 
have been wound up beyond recog- 
nition. 

The most likely resolution of the 
winding problem for  differentially 
rotating galaxies is that the spiral arms 
are not material objects, but waves of 
gravitational potential which propagate 
around the galaxy. As the interstellar 
gas passes through the wave it is 
shocked and forms bright blue stars 
which we see as a spiral arm; the spiral 
arm appears narrow because the life- 
time of the stars is short compared to 
the time the wave needs to propagate 
around the galaxy. This part of the 
theory is comparatively well under- 
stood, but understanding the origin and 





Bernard Jones is at the Institute of 
Astronomy, Cambridge and Scott Tre- 
maine is at the Institute for Advanced 
Study, Princeton. 


0028—0836/79/0277—0516$01.00 


persistence of the underlying wave 
pattern in the gravitational potential 
has been surprisingly difficult. 

Most of the work in the past 15 
years has been directed towards ex- 
plaining the wave as a normal mode 
of the galaxy, like the oscillations of a 
drumhead. One difficulty with this 
picture is that the oscillations are 
damped by the very shocks that make 
the spiral arms visible, and the damp- 
ing time for the normal mode is much 
less than a typical galactic lifetime. 
Another problem is that observations 
show that spiral arms are always 
oriented in the same sense: their con- 
vex sides face in the direction of 
galactic rotation. This clue tells us that 
galaxies are not time-reversal invariant, 
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because time-reversal would change the 
direction of galactic rotation. A neutral 
oscillation is time-reversal invariant 
and a theory based on neutral oscil- 
lations therefore cannot explain this . 
Observation. 

The difficulties with the simple 
normal mode theory for the origin of 
spiral structure have stimulated many 
important dynamical studies of gal- 
axies. What has emerged is the re- 
alisation that differentially rotating 
galaxies, like the diaphragm of a drum, 
need to be continually excited to main- 
tain their vibrations. A galaxy that is 
not excited in some way loses its grand 
spiral structure very quickly. Two kinds 
of “drumstick” have been proposed: 
either a satellite galaxy or a central 
bar-like structure such as is seen in 
many galaxies could provide a perturb- 
ing potential which would excite strong 
spiral waves. 

J. Kormendy and C. Norman are the 
first astronomers to confront these 
theoretical ideas with a systematic and 
careful consideration of observational 
data: (Astrophys. J., in the press). 
They collected pictures of all spiral 
galaxies whose rotation curves were 
known. Their sample contained 69 
galaxies, of which 15 had to be dis- 
carded either because they appeared 
edge-on and the spiral pattern was in- 
visible or they were too irregular to 
classify. Of the remaining 54 galaxies, 
25 had bars and 8 had close satellite 
galaxies and as the theory would pre- 
dict, the presence of such objects was 
always accompanied by well-defined 
large scale spiral arms. 

The most interesting galaxies are the 
remaining 21; they apparently have no 
known way of sustaining a spiral wave. 
Kormendy and Norman found that in 
every case, either the spiral arms were 
short and ill-defined, or the galaxy 
rotated uniformly in the region where 
the arms were prominent. 

Retrospectively, it is easy to under- 
stand this result. In the case where the 
region occupied by the spiral arms 
rotates uniformly, there is no winding 
problem and the spiral structure is 
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relatively easy to maintain. In a region 
of strong differential rotation, the 
vibrations are sheared into small scale 
spiral structure. The difficulty in spiral 
structure theory has always been to 
explain the galaxies which rotate dif- 
ferentially yet show well organised long 
spiral arms What Kormendy and 
Norman have argued is that it is just 
these galaxies that are always accom- 
panied by a bar or a companion 

Two figures taken from their paper 
serve to illustrate their general con- 
clusion. NGC 2841 is an archetype of 
those galaxies that have neither bar 
nor companion and have no coherent 
spiral pattern. This is to be contrasted 
with M33 which has neither bar nor 
companion, yet has a clearly identifi- 
able spiral design contained within the 
region of the galaxy where there is 
almost solid-body rotation The region 
of solid-body rotation in NGC 2841 
is much smaller in relation to the size 
of the visible disk. What we may be 
secing now is the emergence of a galaxy 
classification scheme that can be tied 
directly to galactic dynamics. oO 


T-cell regulation 
from Rod Langman 


Discussions at the most recent 
Armand Hammer Workshop* centred 
on suppression and suppressor factors 
elaborated by T lymphocytes, Ir-gene 
effects and H-2 restriction, and on the 
question of idiotypic determinants on 
T-cell factors and T-cell receptors An 
impressive array of data was closely 
scrutinised; however, there was little 
discussion of how this data could be 
interpreted in terms of the current 
theories of immunology. The calm of 
hindsight has revealed some concepts 
and details that must be settled before 
we are in a position to manipulate the 
immune system rationally. 

The network concept of an immune 
system has captured the imagination of 
many immunologists, and while asso- 
ciative recognition theories of immune 
regulation are less popular, they seem 
to fit many of the facts better. What, 
then, are the critical differences be- 
tween these two viewpoints? First, the 
network demands a system of cell—cell 
activatlon and inhibition interactions 
that are balanced, and which exist 
independent of antigen. Associative 
recognition theories require cell-cell 
interactions to occur only by way of 
antigen bridges which signal activation, 
leaving suppression with a modulating 
role during antigen-induced activation 
Second, the network demands that sup- 
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pression be paramount in the dis 
crimination between self and non-self 
(which leads to unresponsiveness to- 
wards self antigens) while in the asso 
ciative antigen recognition theories, 
unresponsiveness to self is a case of 
T-cell deletion that involves mech- 
anisms other than suppression. 

With these distinctions drawn be- 
tween the two conceptual approaches 
to immunology, what experiments are 
most likely to resolve the differences? 
On the question of self-tolerance the 
radiation chimaeras will probably prove 
the most informative. For example, 
consider a mouse of strain A which has 
been thymectomised, irradiated, re- 
stored with fetal liver (AT X FL, for 
short) and grafted with ап (A х B)Fi 
thymus. When this mouse is immuno- 
logically mature, say 8-12 weeks post 
restoration, removal of the F; thymus 
graft will (1) remove the tolerated B 
antigen, and (2) prohibit any further 
T-cell maturation If the suppres- 
sionists and network theorists are right 
then reactivity to B should be readily 
recovered; whereas, if the opposition 
is correct, reactivity to B will not be 
recoverable. 

Another aspect of the self and non- 
self distinction deals with the pheno- 
menon of H-2 restriction. Reduced to 
its simplest components in the cyto- 
toxic T lymphocytes (CTL), overall 
specificity of effector cells is deter- 
mined by two different antigen sets; 
one encoded within H-2K or H-2D 
(restriction antigens), the other en- 
coded elsewhere, either by viruses or 
other genes such as H-Y (X antigens). 
The restriction (R) antigens are essen- 
tially within the 'self'-domain, whereas 
the X antigens are within the 'non- 
self'-domain There was some discus- 
sion as to whether CTL recognised R 
and X antigens separately or only a 
new antigenic determinant (NAD) 
formed by the complexing of R and X 
antigens. However, M. Cohn (Salk 
Institute) argued that restriction speci- 
ficities (that is, anti-K/D) are selected 
in the absence of X (that is, non-self) 
antigens (as shown by Bevan and 
Zinkernagel’s early chimaera experi- 
ments) and therefore NAD's cannot be 
the only class of antigens recognisable 
by CTL. Thus, it seems difficult to 
avoid having two antigen recognition 
sKes on the T cell, one for self (anti- 
R), the other for non-self (anti-X), and 
from this it follows that each site must 
carry different idiotypic determinants. 
However, if each CTL carries two dif- 
ferent idiotypic determinants, then 
each CTL will have conflicting inputs 
from within the idiotype-regulated net- 
work. In short, the best available inter- 
pretation of H-2 restriction is simply 
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incompatible with network theories. As 
a consequence, believers in the net- 
work insist that H-2 restriction must be 
a complicated form of suppression; but 
nobody has proposed a mechanism. 

Despite the demise of the network 
there remains a body of data showing 
that idiotypic recognition can be in- 
volved in the regulation of immune re- 
sponses. Within the framework of 
associative recognition, idiotypic re- 
cognition, and even idiotypic specific 
regulation, can certainly occur, but it 
must be a second-order phenomenon, 
not primary as the network theorists 
believe. 

Restrictive recognition can Бе 
readily incorporated into associative 
antigen recognition theories, but this 
opens the question as to the origin of 
the receptors for restricting and X 
antigens, There is a growing body of 
evidence that receptors on some classes 
of T cell have idiotypic specificities 
which parallel those found on B-cell 
derived immunoglobulins, and these 
idiotypes are apparently controlled by 
genes mapping іп Мн. Oddly enough, 
the immunoglobulin Ул controlled 
idiotypes usually require Vz for expres- 
sion of the idiotype, while in T cells 
there is no evidence for an L chain 
related to the Tg set (that is, x or A). 
The receptors bearing NP-idiotype 
isolated from T cells (K. Rajewsky, 
Köln), and the ARS and GAT-idiotypes 
found on  T-suppressor factor (B. 
Benacerraf, Harvard University) have 
been serologically and chemically ana- 
lysed and provide strong evidence that 
at least some T cells have receptors 
which carry idiotypes controlled by Vx 
genes. It is important to question the 
significance of these findings in terms 
of the role of these idiotype-bearing T 
cells in regulating normal immune 
responses One is left to ponder quietly 
the fact that it is only anti-idiotypic 
antisera that put Vg-determined idio- 
types on T cells This is especially wor- 
risome in light of the known mutations 
which affect T-cell responses in an 
antigen-specific way; without excep- 
tion, they are not Vg linked. Are the 
anti-idiotypic antisera leading us down 
the right or wrong pathway? Perhaps 
it 1s too soon to judge, but on purely 
theoretical and aesthetic grounds the 
T-cell receptor is unlikely to be 
encoded in the Ун locus; the H-2I(JEC) 
region offers intriguing possibilities. 

The phenomenon of Ir genes, parti- 
cularly those mapping to the H-2TA 
and H-2I(JEC) regions which show 
complementation, has continued to 
fascinate. If there is any consensus 
among Ir-gene speculators, the macro- 
phage or antigen presentation system 
seems the, most likely site of Ir-gene 
action. Perhaps the best support for the 
macrophage-Ir relationship came from 
experiments based on ап antigen- 
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driven, macrophage and T-cell de- 
pendent, proliferative assay (PETLS), 
which showed that a mixture of two 
complementing non-responder macro- 
phages were able to complement in 
the stimulation of Е, T cells while of 
course the Е, macrophage did stimu- 
late (W. Paul, National Institutes of 
Health, Bethesda). This problem might 
be clarified by the use of two 
chimaeras. For example, if A and B 
are two complementing  non-re- 
sponders, the following two chimaeras 
would test complementation effects: 
(1) an (A X B)F, is grafted with A and 
B thymuses separately so that Fi 
macrophages present antigen to a mix- 
ture of A and B restricted’ cells; and 
(2) an (А x B)F; mouse is irradiated 
and reconstituted with a 50:50 mixture 
of A+B cells which will then dif- 
ferentiate in an Fi thymic epithelial 
environment so that each cell, T and 
macrophage, is genetically either A or 
B but is restricted to F; antigens. The 
results from these two chimaeras will 
distinguish between intracellular com- 
plementation and intercellular comple- 
mentation. 


Some 1-1 gene phenomena are 
closely tied to restricting antigens, 
H-2K, IA and D, while others are 
linked to the H-2I(JEC) region which 
is not known to code for any restrict- 
ing antigens, Although from the 
known genetics and structure of immu- 
noglobulins it is expected that Vu and 
Vi should complement in generating 
unique antigen-binding specificities, it 
is rarely suggested that Ir-A and 
Ir-JEC) gene complementation signify 
interactions of Vi-Vy type. However, 
a combination of serology and chemis- 
try has shown that there are molecular, 
and possibly antigenic, complexes 
formed between gene products from 
the I-A and IYJEC) regions (Uhr, 
Southwestern University; Н. О Mc- 
Devitt, Stanford University). Another 
intriguing possibility is that I(JEC) 
encodes the V region of the T-cell re- 
ceptor. Thus, after 15 years, we still 
seem to be grasping for a conceptual 
framework that converts the pheno- 
mena of Ir genes into commonsense 
understanding. In fact, this is a fair 
comment on T-cell regulation in 
general. Oo 


Confining current in tokamaks 


from J. G. Cordey 


Tue poloidal magnetic field in a toka- 
mak fusion reactor, which is essential 
for plasma confinement, is sustained 
by a toroidal current In the present 
experiments this current is driven by 
an electric field which is produced in- 
ductively by arranging for the toroidal 
plasma to be the secondary of a trans- 
former. This technique of generating 
the toroidal current is inherently 
pulsed and since it seems that for a 
reactor to be economic it will have to 
be run in a steady state mode, some 
alternative steady state method of 
generating the current will have to be 
found. 

The first such scheme was put for- 
ward by Ohkawa (Nucl. Fusion 10, 
185; 1970), his suggestion was to inject 
a separate species of fast ions in the 
direction parallel to the field line 'so 
that these ions circulate around the 
torus and form a toroidal current. The 
strength of the current is proportional 
to the number of transits the fast ions 
make around the torus before becom- 
ing thermalised This number is re- 
ferred to as the stacking factor S and 
equals 7,Vi/2rR where т, is the fast 
ion slowing down time, V: is the mean 
velocity of the fast ions, R is the major 
radius of the torus Thus the total fast 
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ion current is IS where I, is the in- 
jection current 

'The electrons gain momentum from 
the fast ions through Coulomb col- 
hsions, so they also have a net drift 
velocity in the same- direction as the 
fast ions and hence tend to reduce the 
total current. The expression for the 
net current which is Obtained by bal- 
ancing the forces acting on the elec- 
trons may be put in the form J—LS 
(I-Zi/ Zett) where S is the stacking 
factor, Z; the charge number of the 
fast ions, and Zer the effective charge 
number of the plasma. Thus it would 
appear at first sight that unless the 
plasma charge and fast ion charge 
numbers are different there would be 
no net current. However, if the effects 
of the trapping of electrons in the 
toroidal field gradient and the non- 
Maxwellian nature of the electron dis- 
tribution are taken into account, there 
is a net current, even when Zi—Zer. 

The first measurement of this beam- 
induced current was made on the 
Culham Levitron (Start et al Phys. 
Rev. Lett. 40, 1497; 1978) In this ex- 
periment a modulated beam of fast 
protons was injected into the device 
and the net circulating current was 
obtained from the voltage induced in a 
pickup coil which looped the plasma. 
The current was measured as a func- 
tion of electron temperature and found 


Nature Vol. 277 15 February 1979 


to differ significantly from the pre- 
dictions of the simple theory The dis- 
crepancy was due to the inadequacy of 
the theoretical model and a kinetic 
treatment (Cordey et al. Culham report 
CLM—P547; 1978) which took into 
account the non-Maxwellian nature of 
the electron distribution and electron- 
electron collisions was found to give 
much closer agreement. The impli- 
cations of the new theory for toka- 
maks are fairly minor since the cor- 
rection term is of the order V/v3 
(where v. is the thermal velocity of the 
electrons), which is usually small in 
tokamaks, The full expression for the 
beam-induced current in a tokamak 
including trapped electron effects 
(Connor & Cordey Nucl. Fusion 14, 
185; 1975) and the above correction 


Z 
= — .46 sb — 
J—Io s 212,1 Za 


Y. 
А(2.)—12 | 


where A(Z40-168 for Zer=1; 1.18 
for Zer=4 and 1 for Z4,4—9. There 
has been no clear identification of this 
current in a tokamak yet. However, 
sufficiently high neutral injection power 
is now available on several experiments 
and so one expects an observation of 
this current in the near future. 

Another method of generating the 
toroidal current has recently been pro- 
posed by Fisch (Phys. Rev Lett. 41, 
873; 1978) In this scheme а small 
group of high energy electrons are 
accelerated in a direction parallel to 
the field lines by high phase velocity 
r.f. waves. The frequency of the waves 
is near the lower hybrid frequency and 
they are launched from an “end fire 
waveguide” array, which directs the 
power flow parallel to the field lines. 
The waves transfer their momentum 
to the electrons through resonant 
particle damping and this drives a 
current in the plasma. 

The power required to drive the 
current is calculated from the power 
dissipated by the group of resonant 
electrons through collisional drag on 
the remainder of the plasma An ef- 
fective r.f. resistivity m: is then de- 
fined and this may be compared with 
the ohmic resistivity mom. of the 
plasma. For equal currents the ratio 
of M t /Nesme=10 vijvi Yp where Ур із 
the drift velocity of the electrons in 
the ohmic case and vi is the velocity 
of the resonant electrons in the r.f. 
case. Thus for low current levels (vp 
small) the r.f. current dissipates more 
power than the ohmic current At 
higher current levels, provided п»у, 
the rf. current begins to dissipate less 
power than the ohmic current. 
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Calculations are given for reactor 
parameters, and it is found that the 
power required to drive the current is 
approximately 3% of the total fusion 
power output and that only 1% of the 
area of the wall would be required for 
the wave guides. 


Clearly an experimental demon- 
stration of both the fast ion and r.f. 
schemes in a tokamak is required before 
any realistic assessment of the reactor 
potential of either of these schemes 
can be made. 

C 


Masses of exotic nuclei 


from John Edgngton 


Tue stable nuclei occupy a narrow 
strip on a plot of proton number Z 
versus neutron number N. Increase Z 
or N by a few units, and the resulting 
nuclei undergo B-decay, increase Z or 
N greatly and even this limited 
stability disappears, the excess nucleons 
being ejected singly or in clusters 

This fragility of all but a limited 
number of nuclei has to be explained, 
eventually, in terms of the individual 
nucleon-nucleon interactions. Given 
the complexity of many-body calcula- 
tions, it is hardly surprising that for 
practical purposes, such as estimating 
nuclear binding energies and masses, 
simpler prescriptions are used. These 
‘semi-empirical’ formulae are based on 
the liquid-drop model but include the 
main features of the individual inter- 
actions in an approximate way. The 
values of the numerical coefficients 
involved are adjusted to fit the masses 
of stable nuclei, and the most widely 
used of these formulae, the Garvey- 
Kelson relation (Garvey et al, Rev. 
Mod. Phys. 41, Sl; 1969) also considers 
correlations between nuclei with closely 
similar values of Z and N. 

The most stringent tests of these 
formulae occur, of course, for nuclei 
far from the narrow stability strip. 
Since these are very short-lived, some 
subtle experimental techniques аге 
needed. A fine example is that reported 
from the LAMPF accelerator, Los 
Alamos, by a LASL/Northwestern 
University group (Seth ef al., Phys. 
Rev. Lett. 41, 1589; 1978) who 
have measured the mass of “С This 
exotic nuclide, with twice as many 
neutrons as protons is one of a class 
of nuclei having N=Z +6 which 
seem to mark a significant boundary 
on the stability map of light nuclei, If 
N and Z are both odd, these nuclei are 
unstable to particle emission; if even, 
they appear to be stable. Like other 
neutron-rich nuclei, "С сап be 
produced fairly readily in heavy ion 
collisions, or as a spallation product of 
heavy nuclei, but these violent processes 
are quite unsuited to precise mass 
measurements, 

Seth and Ыз colleagues have 
produced "С by the double charge 
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exchange (DCX) reaction "Or ,7*)"C, 
using the energetic pion spectrometer 
at LAMPF and measuring the energy 
of both the incident п” and the out- 
going 7*, to obtain the binding energy 
of “С by subtraction The technical 
difficulties are great. There is a huge 
background of electrons from 7° 
production and decay, but these are 
entirely eliminated by time-of-flight 
and Cerenkov counter techniques; also, 
the spectrometer’s energy resolution is 
too poor for mass measurements, so a 
calibration reaction involving nuclei 
with known masses, “C(a7,7r*)'"Be, 
was also measured. The group had 
previously confirmed (LA-7457-PR 
Progress Report, Sept. 1978) that their 
equipment had the desired sensitivity, 
using the simpler reaction *Ве(т*,т)*С, 
since a target of natural beryllium 
metal poses fewer difficulties than the 
enriched ice target used for the "O 
DCX reaction. 

Seth et al compared their result for 
the mass excess of "C, 2491+0.15 
MeV, with the Garvey-Kelson relation. 
Earlier predictions had suggested a 
somewhat lower binding energy, but a 
recalculation of the G-K prediction, 
using recent measurements of the 
"C and "N, yielded a mass excess of 
25.04 + 0.10 MeV, in excellent agree- 
ment. . 

It is worth stressing that Seth et 
al 's measurement would not have been 
thought possible, even with technical 
ingenuity, two years ago when the cross 
sections for the DCX reactions 
(ar 7*) were thought to be exceedingly 
small. Conventional wisdom had it that 
reactions connecting analogue nuclear 
states were much more likely than those 
between non-analogue states. Roughly, 
analogue states are corresponding 
states in different nuclei which differ 
only in that one or more protons and 
neutrons have been interchanged, but 
no rearrangement of the nucleon 
orbitals has occurred. According to this 
opinion, any necessary orbital re- 
arrangement would depress the cross 
section greatly, In 1977 another group 
working at LAMPF, B. M Preedom's 
LASL/University of South Carolina/ 
ANL collaboration, showed that the 
reaction "O(z^,r9"Ne, connecting 
analogue states in the two nuclei, had 
а cross section only about twice as 
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large as that of “O(art,w-)*Ne. The 
latter converts neutrons in a filled shell 
to protons occupying the next higher 
orbital, and so connects non-analogue 
states. Now, whereas it is always 
possible to finc nuclei with excess 
neutrons on which the (a*,77) reaction 
can connect analogue states with no 
orbital rearrangement, there are no 
stable nuclei (otaer than 'H and *He) 
with excess ргсіопѕ; and so (7 ,1r*) 
reactions necessarily connect non- 


analogue states. 
The results of Preedom’s group 
(Phys. Rev. Lett 38, 149; 1977; 


Phys. Lett 69A, 55; 1977) greatly en- 
couraged study of (m«^,r^) reactions, 
since there is now seen to be no reason 
to suppose that -heir cross sections are 
unusally small. Even so, Seth et al. 
observed only about twenty events 
leading to the ground state of “С. 
They now plan to measure the mass of 
several more extremely neutron-rich 
nuclei, including "Ar which has Z = 
18, N = 30; this will be reached by the 
reaction “Calm m> Ar, We may 
expect other such measurements in the 
near future, especially as the re- 
evaluated Garvey-Kelson relation now 


predicts greater stability against 
particle emission than before. M 
The current 


state of eukaryotic 
messenger RNA 


from Н R. V. Arnstein 


THE isolation cf different messenger 
RNAs and their translation into 
specific proteins in a number of cell- 
free systems are now almost routine. 
Moreover, the mucleotide sequences of 
several messengers have been estab- 
lished Given that the concept of 
mRNA emerged less than 20 years 
ago impressive progress has been made 
At a recent EMBO Workshop* the 
main topics were heterogeneous nuclear 
RNA (hnRNA) processing, hnRNA- 
protein complexes, free cytoplasmic 
messenger ribontcleoproteins (mRNPs), 
the cytoskeleton in relation to protein 
biosynthesis, pol;/somal mRNA-protein 
complexes and ^ranslational control 
The general picture which emerged 
was that the molecular aspects of 
transcription and the subsequent pro- 
cessing of the primary transcripts are 
known in outline, but there is still 
considerable sccpe for detailed studies, 
of the enzymes involved and of the 
control of mRNA synthesis in eukary- 
otes Moreover almost nothing is 
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known about the transport of processed 
mRNA from the nucleus into the 
cytoplasm and there is uncertainty 
about the proteins which occur in 
association with mRNA precursors in 
the nucleus and with free and 
polysomal mRNA in the cytoplasm. 
These mRNA-protein complexes are 
a characteristic feature of eukaryotic 
cells, but their functional significance 
is obscure 

As discussed by J. E. Darnell 
(Rockefeller University) for adenovirus 
mRNA, capping of transcripts takes 
place very early, perhaps at the begin- 
ning of transcription RNA polymerase 
reads past the site at which poly(A) is 
subsequently added and the primary 
transcript is cleaved endonucleolytically 
before addition of the 200-residue 
poly(A) tail, Methylation then takes 
place, followed by splicing to give the 
final processed transcript. The size of 
the primary transcripts of eukaryotic 
genes remains somewhat controversial 
with K. Scherrer (Cancer Institute, 
Lausanne) still favouring very large 
products. This question will ultimately 
be settled by comparisons of nucleotide 
sequences of genomic DNA, primary 
transcripts and processed messengers 
The use of restriction endonucleases 
and DNA cloning has led to rapid pro- 
gress as illustrated by the discussions 
of globin gene expression (R. Flavell, 
University of Amsterdam), the struc- 
ture of late SV40 mRNAs (W. Fiers, 
University of Ghent), post-transcrip- 
tional processing of the yeast tyrosine 
tRNA, which contains a 14 nucleotide 
intron (J. S. Beckmann, Beth-Dagan, 
Israel), and mouse pre-mRNA structure 
(A. P. Ryskov, Inst. Molecular Biology, 
зогсож). 

The complexity of heterogeneous 
nuclear RNA was illustrated by ihe 
isolation from nuclei of both 30-505 
monomers and heterogeneous poly- 
mers, which differ in protein com- 
position and resistance to ribonuclease 
digestion (M. Jacob) In some cells, 
the 30S nuclear RNP contains multiple 
copies of four major structural poly- 
peptides (molecular weight 34,000- 
40,000) held together by protein- 
protein interactions (T E. Martin, 
University of Chicago), whereas in 
others as many as 87 different proteins 
have been identified, including some 
20 with molecular weights of 30,000- 
40,000 (Scherrer) In addition to 
hnRNA, nuclear RNP particles con- 
tain also a low molecular weight RNA 
(snRNA) which has a longer half-life 
„and appears to be hydrogen-bonded to 
hnRNA by sequences of some 15—25 
nucleotides (A. Alonso, Cancer Centre, 
Heidelberg). 

Free and polysomal messenger ribo- 
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nucleoproteins present in a wide range 
of different cells were much discussed. 
No definite conclusion emerged con- 
cerning relationships between any 
particular protein(s) and the functional 
state of the messenger, but there is 
increasing evidence for the view that 
mRNP proteins may be turning over 
independently of the mRNA. Thus, 
proteins associated with free mRNP 
from muscle cells were reported to be 
displaced during translation of the 
messenger in reticulocyte lysates (S. 
Sarkar, Boston Med. Res. Inst). The 
widespread occurrence of RNA-binding 
proteins in eukaryotic cells (L. P. 
Ovchinnikov, Molecular Biology, Mos- 
cow), as well as the observation that 
free globin mRNA becomes associated 
with proteins during translation in a 
cell-free system from Ehrlich ascites 
tumour cells (Н R V Arnstein, King’s 
College, London), all lend support to 
the idea of a dynamic state of mRNP 
proteins despite the well-known strong 
chemical interaction between the pro- 
teins and mRNA 

Differences in mRNP proteins of 
membrane-bound and free polysomes 
(N. Standart, Univ. College, Cardiff) 
and also after virus infection of cells 
(7 G Tasseron-de Jong, University of 
Leiden) suggest possible functions of 
proteins in relation to the intracellular 
location of messengers and control of 
translation Two other specific proteins, 
ribophorin I and II, which are present 
in the rough endoplasmic reticulum of 
rat liver and other secretory tissues are 
also involved in binding ribosomes to 
the membrane (D. A. Sabatini, New 
York University Medical Center). 

Several contributions dealt with the 
cytoskeleton and its significance for 
protein synthesis. Thus, polysomal 
mRNA may be linked to the cytoskele- 
ton by the poly(A) tail and poliovirus 
mRNA displaces cellular mRNA from 
intermediate filaments, which may 
explain the cytopathic effect of 
poliovirus and other viral infections 
(S. Penman, Massachusetts Institute of 
Technology). In lens tissue a particular 
membrane protein is synthesised by 
polyribosomes which are specifically 
bound to the action of the cytoskeletal 
framework (H. Bloemendal, University 
of Nijmegen). It was also suggested 
(A. O. Pogo, NY. Blood Center) 
that in interphase hnRNA is bound to 
a highly ordered structure formed by 
non-histone protein interactions and 
that after  post-transcriptional pro- 
cessing mRNA leaves the nucleus 
already attached to the cytoskeleton. 
Thus, both processing and transport of 
mRNA may be dependent on the in- 
ternal structural organisation of the cell. 

In the session on translational con- 
trol, differences in the distribution of 
mRNA between the polysomal and 
non-polysomal cytoplasmic fraction 
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were reported in Friend erythro- 
leukaemic cells before and after 
induction of globin synthesis with 
dimethylsulphoxide (F. Gabrielli, Uni- 
versity of Pisa) and in mouse ascites 
cells (Martin). Also, during the develop- 
ment of the dormant gastrulae of 
Artemia salina changes seem to occur 
in both the translational efficiency and 
sequence complexity of mRNA (T C. 
James, NIMR, London). Dormant 
gastrulae contain a unique 19S protein 
complex, which is an aggregate of 40- 
50 molecules of a 24,000 molecular 
weight protein with similar properties 
to the Artemia elongation factor-ix 
(M Kondo, University of Antwerp). 
On resumption of development this 
complex decreases, suggesting the 
existence of translational control in- 
volving elongation exher in addition 
to or instead of the more usual regula- 
tion of initiation. Finally, the ap 
parently endless complexities of 
translational control were illustrated 
by the discovery of an 11S cytoplasmic 
protein ‘which prevents the inhibition 
of protein synthesis by the haemin- 
controlled repressor (H. O Voorma, 
University of Utrecht). This factor is 
also able to reactivate reticulocyte 
lysates after preincubation in the 
absence of haemin, has no eIF; activity 
and probably functions by restoring 
the activity of the endogenous initiation 
factor. O 


A hundred years ago 


CAPTAIN COOK 


Ir seems on first thoughts rather a 
strange proceeding to publicly celebrate 
the centenary of the death of a great 
man, especially when that death was a 
murder. But this ıs what the Paris 
Geographical Society have arranged to 
do tomorrow ın the case, not of any 
of ther own explorers or navigators, 
but in the case of En d’s greatest 
exploring navigator, ptain James 
Cook, who was murdered 100 
ago tomorrow by the natrves of the 
Sandwich Islands. Cook, and with him 
England, owed some gratitude to the 
French, whose government of the time, 
though at war with this country, 
generously gave instructions to their 
warships and colonial] governors, not 
only not to molest Cook in his pursuit 
of knowledge, but to render him all 
reasonable assistance. To him we owe 
the discovery of the Sandwich, and 
many other Pacific Islands . . and 
proved that [Australia] was unconnected 
with New Guinea, and above all, dis- 
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Thermal-timing instability in neutron stars 


George Greenstein 


Depertment of Astronomy, Amherst College, Amherst, Massachusetts 01002 


A thermal instability can occur in neutron stars, in which a 
significant burst of heat is generated in a short period of 
time. Accompanying this heat pulse is a change in the pulse 
repitition rate of the pulsar. A perturbation analysis of a 
simple model shows that the instability becomes easier to 
trigger as the star's initial temperature is reduced, and that 
once started it can grow very rapidly. The resulting time 
evolution of the pulsar angular velocity may resemble a 
period jump. 


IT has been known for some time that, if neutron star interiors 
are superfluid, heat will be frictionally dissipated within them as 
their rotation slows. It is shown here that in certain circum- 
stances this process can become unstable: that the frictional 
generation of heat can undergo a runaway, depositing a 
significant burst of heat in the star in a short period of time. 

This runaway is purely thermal in nature: it results from an 
instability in an energy-generation process. Nevertheless, it has 
Observable effects on the rotation rate of the pulsar. Neutron 
star interiors rotate more rapidly than their surfaces, and the 
frictional coupling between the two increases with increasing 
temperature. A burst of heat therefore tends to cause the star to 
‘seize’ up: the inside slows down, and the outzide—-the pulsar— 
speeds up. The thermal instability manifests itself through its 
pulsar timing effects. 

The obvious question is whether such a process has anything 
to do either with the well-known period jumps that have been 
observed in the Crab and Vela pulsars, or with the restless 
behaviour which apparently occurs in all pulsars. This possibility 
is considered later. However, a less obvious but equally 
important question, and one that is not considered here is: if the 
steady-state rotation of a neutron star can become unstable, 
what is the rotational state of such a star? 


The instability in words 

Baym et al’ state that a neutron star consists of a superfluid 
component and a charged-particle component; the pulsar clock 
is determined by the rotatiom of the charges (see ref. 2 for a 
more detailed review). The two components are coupled 
together by a frictional force density F: 


F=p..v/pr (1) 


where p, is the mass density of the superfluid component, p, that 
of the charged component, p = p, + p, is the total density, v the 
relative velocity difference between the two components and т 
the relaxation time describing interactions between the two. The 
force (F) slows the rotation of the superfluid. In the steady state 
the relative velocity difference v adjusts itself until F is sufficient 
to slow the superfluid at the same rate as the charges. This 
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slowing down, because it is caused by friction, generates heat at a 
rate E + v erg cm? s! throughout the 

The star also loses thermal energy through radiation (of 
photons from its surface, for instance). If C is the specific heat of 
the star as a whole the equation for its temperature T will have 
the form 


СЁ = f F -y d’r-{coolirg rate} (2) 


Of the quantities entering into the first term on the right-hand 
side of equation (2) only the relaxation time т depends on the 
temperature: т decreases ая T incremses (see equation (5)). 
Therefore, this heating term is an increasing function of T. The 
same is true of the cooling term. There are only two possibilities: 
either the heating term increases with temperature faster than 
the cooling term, or it does not. These two cases are sketched in 
Fig. 1. 





Temperature 


Flg.1 The dependence on temperature cf tho heating term (solid 

lines) and cooling term (dashed lines) of equation (2). The time rate 

of change of the temperature is determined by their difference. То 
denotes the steady-state temperature. 2, Unstable; b, stable. 


Figure 1 determines the time rate of change of T using the 
difference between the heating and cooling terms. A time- 
independent temperature, To, is obtained if they are set equal. 
This is the steady-state frictionally generated temperature of the 


star. 

Is this equilibrium configuration stable? If we prepare a star 
with temperature, To, and then perturb the temperature slightly, 
then Fig. 1 shows that in (a) the perturbation increases in time, 
while in (5) it dies out. Case (a) is thermally unstable, both 
against sudden heatings and sudden coclings. Case (b) is stable. 
A star will be thermally unstable if its energy-generation 
mechanism is more sensitive to the temperature than is its 
cooling mechanism. 

It is not known whether vortex lines pin to nuclei in neutron 
star crusts. If they do, a turbulent boundary layer may result, in 
which the processes described above should take place. 
However, no quantitative theory of this layer is available. 
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Perturbation theory on a simple model 


Most of the essential features of the instability can be obtained 
quite easily from the simple two-component model introduced 
by Baym etal.’ in which the superfluid is supposed to be rotating 
rigidly. The known pulsars are cold enough for the dominant 
mode of cooling to be photon emission from the surface. 
Confining our attention to this case, and combining equations 
(1) and (2) we obtain after an obvious transformation: 


zo. 
CT = 
Ir 





[o - OP -4rR oT} (3) 


where I, is the moment of inertia of the superfluid, Z. that of the 
star, I = 1„+ Is w is the superfluid angular surface velocity and О 
that of the charges, and T. is the surface temperature of the star. 
Here we will take T. to be proportional to T and neglect the 
temperature dependence of the specific heat: these assumptions 
are for convenience only and do not affect the qualitative 
features of the instability. Equation (3) is then of the form 


T 5 af«(T) - bT^ (4) 


with the factors a and b independent of temperature. (In a 
perturbation a will change because w and О change. This, 
however, is a second order effect.) 

Consider a different problem: simple cooling from the steady- 
state temperature with the energy generation mechanism turned 
off. From equation (4) we find the cooling time too = (T/T) = 
1/bT3. This cooling time is of the order of thousands to millions 
of years for the known pulsars’. The steady-state condition 
То = 0 then yields a/To = bT$ = To/ t.a. 

The relaxation time т has been discussed by Feibelman* and 
Harding et al^. Here we adopt Feibelman's result, which can be 
written 


7 — (A/T) exp{T./T} (5) 


In equation (5) A is a complicated function of density only, and 
T, is the activation temperature for thermal creation of a vortex 
core excitation: T, = A’/e,k where A is the superfluid energy 
gap, є; the neutron Fermi energy and k the Boltzmann constant. 

Now do perturbation theory about the equilibrium tempera- 
ture To. Writing 


T(t) = T[1- &(0] (6) 


we obtain from equations (4—6) and the above relationships the 
perturbation equation for the temperature to first order in e: 


€ ={[1+e]expleT./To]—[1+4e ]}/ toos (7) 


For infinitesimal perturbations we expand the exponential to 
find 





е [Ta | 
itm 1 8) 


In an instability = would have the same sign as e: hot stars are 
stable, but when the steady-state temperature drops below 
1/3rd of the activation temperature the star becomes unstable, 
both relative to heating and to cooling. The growth time of the 
instability, however, is of the order of tecon which is too long to be 
interesting. Thus the star is essentially stable against infinitesi- 
mal perturbations for all temperatures. 

The same is true for finite cooling perturbations (e < 0). The 
case of a finite heating perturbation at low temperatures, 
however, is quite different. With 0< e « 1 but T, Т. we obtain 
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from equation (7) 
€ = [oos exp(e Т„/ To) (9) 


in which the exponential can be much greater than unity. Such 
perturbations are strongly unstable. They grow more rapidly 
than any exponential with a growth time that becomes far less 
than tooi- 

As a numerical example, the activation temperature in a 
neutron star is of the order 105-10? К. Suppose we give the star a 
10% thermal perturbation. Then the temperature increases with 
a growth time of the order of the cooling time at 10’ K, but 
between 10* and 10“ times faster at 10° K. 

As the temperature rises the frictional coupling between the 
pulsar angular velocity О and that of the superfluid w will 
increase. The torque equations governing О and w have been 
written in the two-component model by Baym et al.! (their 
equations (1) and (2)). The steady-state solution of these equa- 
tions is у= fly and (w – 0), = 104/1. We will look at 
perturbations in the slowing-down rates 0 and о: write 


N= Nf 1 * é(0] 
| (10) 
e = Q{1+ yt] 


Combining equations (6) and (10) with the torque equations we 
obtain 


y= -UL)8 (11) 


and the basic equation governing the fluctuations in the slowing- 
down rate of the pulsar (to first order) 


: 1, T 6 T. 
$--e (142) ері тае) (12 
И Т 7o dia To : l 


Equation (12) shows that in the absence of thermal pertur- 
bations the system is mechanically stable: with ғ =0 it reads 
6 = —8б/т which describes the classic spin-down problem of 
Baym et al. On the other hand, the mechanical response to the 
runaway heating described by equation (9) is, for small 6 


s=-2(1+2)], (13) 


Equation (13) shows that a thermal runaway (positive =) is 
accompanied by a decrease in the slowing-down rate of the 
pulsar (negative 6). Because the factor in square brackets іп 
equation (13) is greater than unity, the time scale for this 
decrease is even shorter than that for the thermal runaway. 


Discussion 


It is well known that, when born in a supernova explosion, a 
neutron star will be exceedingly hot: its temperature will greatly 
exceed the critical temperature T,/3 separating stable from 
unstable configurations. It will therefore initially be stable 
against thermal perturbations. What is the subsequent thermal 
history of the star? I have previously? shown that the steady- 
state frictionally generated temperature of the star To decreases 
as the pulsar ages. This means that the pulsar begins life in the 
configuration shown in Fig. 1b. The intersection point between 
the solid and dashed lines drifts towards lower temperatures as 
time passes; furthermore, as shown here, while this happens the 
slopes of these two lines become more nearly equal at their 
intersection point. When To reaches Т,/3 the lines have become 
parallel at To. The star is now neutrally stable against thermal 
perturbations. When the temperature drops still further the 
situation switches to that sketched in Fig. 1a, and the star has 
become unstable. 

Because the system is strongly unstable only for finite pertur- 
bations we must have some idea as to what could cause such 
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initial perturbations. The smaller the necessary ‘triggering’ 
perturbation, however, the leas seriously one need take this 
requirement. Equation (9) shows that a perturbation to the 
temperature greater than є. = To/Ta™ = ТУ/(10°- 10°)K will 
grow rapidly. For plausible stellar temperatures this can be quite 
small. Note also that in the binary X-ray pulsars accreting matter 
can easily supply the necessary perturbations. Furthermore, in 
the isolated pulsars a neutron starquake may release enough 
thermal energy to trigger the instability. As a numerical exam- 
ple, Baym and Pines" estimated that —10^! erg can be released 
in a typical ‘small’ starquake. At a temperature of 105 К this 
yields a 10096 change in the temperature for reasonable specific 
heats: the growth time for the subsequent runaway is of the 
order of exp(1,000) shorter than the cooling time. 

What is the ultimate fate of the instability? As the tempera- 
ture increases the pulsar tends to lock rotation with the more 
rapidly rotating superfluid. (The decrease in slowing-down rate 
described above is the first stage of this process.) There is no 
reason to believe that once the perturbation has become large 
this behaviour suddenly ends. In fact, it will end only when the 
two components have rigidly locked together. At this point the 
frictional generation of heat ceases and the star commences to 
cool. By how much has the pulsar sped up in this process? From 
considerations of angular momentum conservation it is easy to 
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show that the fractional change in pulser period will be 
An _ Zo (mn te 29) 
п 10 


that is it is of the order of the initial fractional lag between 
superfluid and crust. Detailed studies” show that this lag can be 
quite large: the mechanism seems capable of producing large 
period jumps such as have been observed in the Vela pulsar. At 
any rate, the fact that a sufficiently coal pulsar can exhibit the 
instability demonstrates that its rotational state must be radic- 
ally different from that of a hotter one. 

I thank A. G. W. Cameron who first pointed out that instabil- 
ities might occur in the process of frictional heating, also R. A. 
Guyer for discussions, and the Library of the British Council in 
Kathmandu (Nepal) for hospitality. This research has been 
supported in part by a grant from the Research Corporation. 
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Massive ore-grade zinc, copper and iron sulphide deposits 
have been found at the axis of the East Pacific Rise. 
Although their presence on the deep ocean-floor had been 
predicted there was no supporting observational evidence. 
The East Pacific Rise deposits represent a modern analogue 
of Cyprus-type sulphide ores associated with ophiolitic 
rocks on land. They contain at least 29% zinc metal and 
6% metallic copper. Their discovery will provide a new 
focus for deep-sea exploration, leading to new assessments 
of the concentration of metals in the upper layers of the 
oceanic crust. 


THE area of the deposits of ore-grade zinc, copper and iron 
sulphide was explored and sampled in February-March 1978 by 
the manned diving saucer CYANA during the expedition 
CY AMEX'. The expedition, the only submersible diving pro- 
gramme that has so far been conducted on the East Pacific Rise 
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(EPR), is part of the French-American—Mexican project RITA 
(Rivera- Tamayo), a 3-yr study devoted to detailed geological 
and geophysical investigations of the EPR crest. The ore 
deposits were sampled in water depths of close to 2,620 m at two 
neighbouring sites near 20° 54' N 109° 03' W, (refs 2-5) about 
90 km north of the Rivera transform fault and 240 km south of 
the Tamayo transform fault (Fig. 1). Three dives of Cyana (CY 
78—06, 08 and 12) crossed the two sampling sites, and we 
collected samples during two of these dives (CY 78—08 and 12). 
However, during all dives in the EPR axial rone, signs of 
hydrothermal activity were seen, including colonies of dead 
giant clams, fields of pillow lavas with pronounced colour- 
staining at the base of pillows, and coloured deposits on 

scarp surfaces of normal faults and open fissures’. Coral-like 
growths, possibly of native sulphur, occur in other locations, 
including a sedimented fault-scarp about 1.0 km to the west of 
where the sulphide ores were sampled. 


Sampling sites 


The two sites where the sulphides were sampled lie on the lightly 
sedimented flanks of steep-sided structural depressions, about 
20-30 m deep, 20-30 m wide, and about 600—700 m west of the 
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Fig. 1 Setting of tho axial zone of the East Pacific Rise where the sulphide ore deposits were explored and sampled (circle). 


axis of the ‘extrusion zone’ where the youngest lavas occur. details during dive CY 78-08 (Fig. 2), the vertical edifices are 
i 0 - aligned along a di of 


5 over a 
free discontinuous ridge no or faults, the structural distance of at least 50 m, in gullies cutting through the 045° 
zone within the sulphide deposits are located is a 1.5 km trending, westwards-facing scarp of a structural 
wide i ive band of fissured and/or faulted terrain, (graben). The second site, explored during dive CY 78-12, is 
the fault pattern being typically of the small horst and graben about 200—300 m away and lies on the eastwards-facing flank of 
type with all structures running parallel to the a possibly older graben. Here, there is more sediment cover, ^ 
local strike of the EPR. there are yellow-coloured coral-like growths and the edifices 

massive hides were sampled from various parts of tall seem to be more indurated. The true spatial relationship of the 
(up to 10 m-high), extremely irregular columnar edifices about two sampled sites is not established because of navigational 
5 m in diameter (Figs 2 and 3). At one site, explored in relative difficulties during dive CY 78-12. 
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The along-strike extent of the sulphide mineralisation is not 
known. However, during dive CY 78-08 the graben was 
followed for about 100 m to the SSW (200°) where it became a 
2-3 m wide open fissure with truncated pillows entirely stained 
by ochre and red-brown deposits exposed on the scarp. The 
eastern lip of the fissure has small (about 0.5 m high), sponge- 
like porous edifices and coral-like, bright yellow growths on 
sediment between pillows. Further south the fissure narrows and 
is bare of any hydrothermal deposits. 

In general, the vertical edifices are built on a pillow lava 
terrain covered with a light dusting of sediment, the colour of 
which suggests some contribution of weathering products from 
the deterioration of the columnar edifices themselves. The 
edifices are variegated, the dominant colours being ochre, red, 
yellow, brown, white and black. They are porous and their entire 
mass is composed of a labyrinth of small channels or tubes 
separated by thin walls. Their internal structure can be 
compared to that of a sponge or a mass of clinker or brains. The 
framework of the edifices is made up of both amorphous, white 
translucent silica (which has been seen bare in one case) and the 
sulphides. The presence of open vents on top of the edifices 
demonstrates that they are constructional features built directly 
on the ocean crust. For this reason, we described them as 
hornitos when first observed. The tubes, conduits and channels 
pervading the mass of the edifices presumably represent the 
passages through which hot, metal-laden solutions circulated on 
their exit from the sea floor. | 

Three other modes of mineralisation occur besides the spec- 
tacular vertical edifices: (1) flattish incrustations coating the 
moderately steep slopes with a rugose, heterogeneous surface 
texture made up of the same material as the tall edifices; (2) 
bright yellow or orange, 10—20 cm wide conelets built on sedi- 
ment and with small holes at their tops and which lie around the 
large edifices; (3) yellow and red-brown travertine-like flows 
draping the near-vertical scarps of the graben that contains the 
row of vertical edifices. No unequivocal bottom-water tempera- 
ture anomaly was observed during the exploration of any of the 
mineralised structures, suggesting completed or quiescent 
hydrothermal activity. 

The material collected from each of the two sampling sites was 
separated on board ship according to colour and shape, giving a 
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total of 14 samples (three from the site sampled during dive 8 
and 11 from that sampled during dive 12). Some of the 14 
samples thus designated comprise several subsamples or collec- 
tions of fragments. A total of 215 subsamples and 11 boxes of 
small fragments were separated in the laboratory. The samples 
are very heterogeneous and complex, and no attempt is made at 
this stage to give a full description of them. We describe here 
only the gross mineralogy and give an indication of the chemistry 
of a few important subsamples. 


Mineralogy and chemistry 


The material consists of friable and porous compounds that are 
easily fragmented; thus some subsamples are as large as 7 cm in 
diameter but many are smaller, and some consist of debris with 
diameters of one to a few mms, or are essentially powder. The 
subsamples are variegated: yellow to ochre-coloured, grey and 
blue metallic hues, and grey, bronze red and white reflections. 
The ochre-coloured material ranges from pale yellowish orange 
(10 YR 8/6) and moderate yellowish brown (10 YR 5/4) to 
moderate brown (5 YR 4/4) and from blackish red (5 Y 2/2) to 
moderate red (5 R 4/6). Most subsamples show well developed 
cylindrical tubes that display a concentric zonation of medium 
grey (N 5) layers on the outside to dark gray (N 3) and white (N 
4) layers inside. Other tubes are composed of the lighter- 
coloured moderately brown material (5 YR 4/4). The inner 
walls of some of the tubes are lined with shiny, silvery deposits 
that are in part microcrystalline, whereas others are covered 
only by reddish deposits. Some tubes are lined with black 
deposits inside and coated with yellow and ochre-coloured 
deposits outside. Other tubes are filled or partially filled by black 
material. The tubes are variable in size (0.1-1.5 cm in diameter 
and up to 8cm in length) and are irregularly scattered 
throughout the subsamples. Some tubes are closely spaced in a 
parallel fashion. 

Five pieces from four samples were selected for macroscopic 
examination and preliminary mineralogical and chemical 
analysis. Four of the pieces (Cyp 78-12-38A-2, 38A-1-a, 40A-a 
and 40B) are relatively dense and consist mainly of sulphides. 
The fifth (Сур 78-08-14A-1) is oxidised and less dense than the 
others. Subsample Cyp 78-12-40 B is elliptical in shape; the 
convex side is coated with dark, heavy sulphide aggregates and 


Tsble1 Mineralogy and chemistry of hydrothermal samples from 21° N on the East Pacific Rise (major and minor element content determined by X-ray fluorescence and 
atomic 








absorption spectrometry) 
Microscopy X-ray diffraction Metal content (wt%) Other identified 
Sabsample or Approx Weight Minerals Morphological Minerals Peaks (A) Fe Cu Zn elements 
specimen size (an) (0 features d(A) through XRF 
CYP 78 12-40 B 65x4x4 907 Sphalerite Tabalar, Sphalerte- 312;191 9 2.9 23 Co*-Pb*- Ag* 
polysynthetic Pyrite 2.70, 2 42, 1.63 Cd* Mn*-Cl* 
twins, octahedron Chalcopyrite 305 St Ca*-K* 
Pyrite Cubes with 
stration 
CYP 78 12-40 A-a 4x4x1 64.7 Sphalorte Octahedron, Sphalerite 313;191 63 02 28.7  Co*.Pb*.Ag* 
collomorph, Pynte 2.71, 2 42; 1 63 Cd*-Mp*-C]* 
banded Chalcopyrite (7) 3.06 (?) K*-St.St 
Amorphous Flaky 
silica 
CYP 78 12-38 A-2 4x4x2 26.5 Pyrite or Globular and Pyrite 3.13, 2.711, 1.63 29.61 6t поа Co*.Cd".Pp* 
' collomorph, Chalcopyrite 3.06 Mn" Zo" Ca" 
. or sphalerite tetrahedron K*-Cr* St 
СҮР 78 12-38 А-1-а 4x2x2 743 Pyrite Cubes m Pyrite 271; 2 42; 1.63 149 22 0.0 Mn*-Cd*-Co* 
Marcasite 3.44; 2.71, 1.76 Pb" Ag*-Zn" 
octahedron with Chalcopyrite (7) (3 04)? К" St 
strusthions 
Pyrtte or Giobular and 
chalcopyrite collomorph 
or sphalerite 
CYP 78 08-14 A-1 6x5x15 19 Tron oxides Globular Amorphous Broed 42.7$ 00 06  Mn*.Pb*.Cu* 
aggrogates Cat-Cd*-K* 


————————————————————_————С_ТСС —— 
*Few tens to few thousands p.p m TFew % to fow tons of %. t Analysed by XRF. $ Red part of subsample CYP 78-08-14A-1. 
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Fig.2 a, Overall sketch of the 225? trending structural depression 
with a small gully or re-entrant trending 205? that crosses the east 
wall of the graben (dive CY 78-08). The width of the graben is 
about 20-30 m and narrows towards the SSW. The arrow points 
towards the south. b, Artist's view from CY ANA's porthole of the 
site of sulphide ore edifices on the eastern flank of a structural 
depression (dive CY 78-08). The view is towards the south. The 
hornito-like edifices are aligned along 205 in a gully cutting across 
the graben. The spacing between ‘hornitoes’ is about 5 m. The 
small conelets associated with the vertical edifices are shown as well 
as the fiows of hydrothermal material on the vertical scarp in the 
cul-de-sac of the small gully. All the sulphide material was sampled 
from the porous edifices. 


there are patches of greenish-yellow dust with a strong odour of 
sulphur. The concave surface of the specimen is coated by 
moderate yellowish brown and brownish ochre material. Small 
empty tubes (0.1-1 cm in diameter) are also seen. Specimen Сур 
78-12-40A-a is a nearly black material with circular tubes, one 
of which has its internal wall coated by a brass-yellow lamella. 
Concentric zonation of dark (outside) and white (inside) lamel- 
lae is exhibited by another adjacent tube. Specimen Cyp 78-12- 
38A-2 is dark grey with remnants of tubes and patches of 
yellowish-green, green and purple brown material similar to the 
other dark sulphide aggregates. Specimen Cyp 78-12-38A-1-a 
is a massive aggregate of black sulphide-rich material which is 
extremely friable and porous and gives off a strong odour of 
sulphur. It contains specks of yellowish-green material which 
could represent a sulphur oxide compound. Subsample Cyp 
78-08-14A-1 is a moderate brown to blackish red to ochre- 
coloured powdery material with abundant relicts of tubes, some 
of which are open and continuous across the specimen, while 
others are filled by a yellowish brown material. Sulphide 
material coats some of the walls of the empty tubes. 

The mineralogy of the material was determined by X-ray 
diffraction after microscopic examination in reflected and 
transmitted light (Table 1). The ochre-coloured material 
consists mainly of amorphous iron-oxide. The oxides are reddish 
and yellow and are found in the interstices of the sulphide grains, 
resulting primarily from secondary alteration of the sulphides. 

The sulphide phases consist mainly of sphalerite and pyrite 
with minor chalcopyrite and marcasite. The sulphides are 
represented by agglomerates of intimately associated, well- 
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crystallised phases and amorphous material. The most common 
form encountered in the samples is an octahedron. Tetrahedra 
characteristic of sphalerite, cubes of pyrite, bipyramids, 
sphenoids characteristic of chalcopyrite, and tabular crystals 
with polysynthetic twins (probably of sphalerite) are also obser- 
ved. Globular and reniform associations, probably consisting of 
chalcopyrite and pyrite, with anisotropic clay-size material are 
commonly associated with the well-crystallised sulphides. 

The chemistry of the five specimens was determined qualita- 
tively by X-ray fluorescence (XRF) spectrometry (dispersive) 
and quantitatively by atomic absorption spectrometry (Table 1). 
The XRF analyses show the presence of abundant zinc, iron, 
copper and sulphur and of lesser quantities of several other 
elements including cobalt, lead, silver and cadmium. The 
material used for atomic absorption analyses (100 mg to 1 g) 
should be reasonably representative of the subsamples which 
weigh from 19 to 91 g. The analyses show two principal modes: 
one zinc-rich (23-28.7%) and the other iron-rich (19.9-42.7%). 
Three specimens are copper-rich (2.2-6%) and we note the 
absence of manganese even as a minor element. 

The subsamples can be divided into two major types accord- 
ing to their macroscopic features, mineralogy and chemistry: (1) 
the dark-coloured and porous, zinc, iron and copper sulphides in 
the form of sphalerite + marcasite, pyrite and chalcopyrite, with 
a skeleton made up of a white unidentified material; and (2) the 
fragile, pulverulent ochre-coloured material made up of amor- 
phous iron oxides. The widespread occurrence of pure sulphur 
on many of the subsamples suggests that the small yellow 
conelets and bright yellow crystal-like growths around them, 
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which are associated with the larger variegated edifices on the 
sea floor, might represent massive concentrations of native 
sulphur. 

The occurrence of sulphide mineralisations on the sea floor in 
an active tectonic region directly associated with an accreting 
plate margin can best be explained by a model in which the 
deposits formed within the discharge zone of a hydrothermal 
circulation system involving seawater as the convecting Яша. 
A similar explanation has been put forward for the genesis of 
ophiolitic sulphide ore deposits on land, which share many 
common characteristics with the EPR deposits?? Y. A typical 
example of the ophiolitic sulphide ores is found in 
Cyprus? 19)2.13715.0-20 

The Cyprus deposits occupy basin-like depressions in basalts 
and occur as irregular, elongate lenticles or lens-shaped bodies 
of massive sulphide ores (pyrite + chalcopyrite + sphalerite + 
marcasite with minor galena, pyrrhotite, gold and silver). Like 
the EPR deposits, which are also restricted to structural lows, 
they accumulated on the sea floor before the first sediments were 
deposited and in some deposits the ore is overlain by pillow lavas 
and sediments. An interval of 10° years has been tentatively 
proposed for the formation of the Cyprus ores". The EPR 
deposits are adjacent to the main axial extrusion zone but there 
is direct evidence from the dives that lava can also be emplaced 
within the horst and graben tectonic zone so that burial of the 
deposits by off-axis volcanism is possible. We estimate the age of 
the EPR deposits to be «1-2 x 10* years using as a guide the fact 
that they occur on crust whose age is theoretically 1-2 x 10* 
years, based on spreading rate. 

The Cyprus deposits can show alteration near the top to a 
geothitic material or to pyrite-bearing chemical sediments 
(ochres) enriched in silica and hydrated iron-oxides. The 
ochreous components of the EPR deposits are probably gossans 
and represent products of submarine weathering of the sulphide 
ores. The Cyprus deposits display prominent metal zoning with 
zinc-rich bodies lying deep in the Lower Pillow Lavas and larger 
copper-rich bodies at shallower levels in, or at the top of, the 
Upper Pillow Lavas. We have no evidence yet of whether or not 
there is metal zoning within the metre-scale sulphide cones of 
the East Pacific Rise. There are indications of some zoning at the 
scale of the samples. The sulphides on Cyprus exhibit primary 
breccia textures in the upper part and are massive in the lower 
part. Ore textures similar to the sponge-like texture of the EPR 
deposits have not been described in Cyprus or other Cyprus- 
type sites but the Cyprus ores are said to be very porous. The 
fragile tubular and heterogeneous texture of the EPR sulphides 
may not be preserved in the geological record or possibly they 
represent the equivalent of the upper breccias in Cyprus ores. 
Finally, the Cyprus ore deposits are separated by a mean 
distance of about 2.5 km in a direction perpendicular to the 
strike of the sheeted dikes and thus to the strike of the fossil 
spreading centre. The hydrothermal sulphur/sulphide sites of 
the EPR are separated by about 1 km in a direction transverse to 
the EPR axis. 


Conclusions 


Despite the differences in detail and in scale between the East 
Pacific Rise deposits and the Cyprus ores, there are enough 
general similarities in the type and style of metal concentration 
to regard the EPR deposits as a modern analogue of the 
zinc-rich cupriferous massive sulphide deposits associated with 
ophiolite complexes. The EPR ore deposits, which have their 
primary features still preserved and which have been emplaced 
in a well defined geological setting directly associated with plate 
accretion, should shed a new light on the characteristics of, and 
genetic models for ophiolitic sulphide ore deposits such as found 
in Cyprus*/9!2175779 Newfoundland’,  California'^, 
Тигкеу', and Italy’. The EPR deposits further demonstrate 
that modern ocean floor sulphide deposits are not restricted to 
the initial stages of ocean rifting, as suggested by the Red Sea 
deposits. 


527 





Fig. 3 Photograph of a variegated hornito-like edifice taken 
during dive CY 78-06. The diameter of the edifice is ~2 т. A 
second edifice can be seen in the background. 


The metal-rich brines and muds that are found in the axial 
region of the Red Sea*', or beneath the Salton Sea Trough”? (a 
northwards extension of the Gulf of California) show iron-rich 
layers overlying a sulphide horizon with sphalerite and less 
abundant chalcopyrite, pyrite and marcasite. In contrast with 
the sulphide-rich, Mn-deficient EPR deposits, the other metal- 
liferous deposits encountered in Mid-Ocean Ridge settings are 
essentially Fe-Mn concretions, Fe-Si -ich clay material, and 
occasional pure MnO, deposits****. 

Mid-Ocean Ridge sulphides and fe-romanganese deposits 
attributed to a hydrothermal origin are all chemical precipitates 
which form at the basalt-seawater inter-ace when hot seawater 
solution, laden with Fe, Mn and other metals stripped at ‘high 
temperature’ (see refs 8, 10, 12) fom the ocean crust, 
debouches onto the ocean floor. Sulplides, such as the EPR 
deposits, can be preserved either if the bottom waters are anoxic 
or if the sulphide deposits become гар:@у buried under sedi- 
ments or lavas. The ochres, such as those of the East Pacific Rise, 
result from the oxidation of the iron sulphide. The Fe~Mn 
deposits (umbers) encountered in the FAMOUS area, in the 
Galapagos and in the Gulf of Aden may be the product of a 
weaker flow of the convecting fluid althcugh many other factors 
(such as temperature, redox conditions, and fugacity} may be 
critical. Sulphides in such settings would be deposited sub- 
surface. Indeed, this is suggested in the FAMOUS area by the 
presence of pyrite in the deposits near the vents "^. It is not clear 
whether the flow rate of ocean floor convective systems depends 
primarily on the spreading rate but it stems from the contrast 
between the RITA and Galapagos areasand the FAMOUS area 
that hydrothermal activity is more prevalent in higher spread- 
ing-rate environments. 

It will be a test of ingenuity to assess the surface distribution of 
metal-rich deposits on the Mid-Ocean Ridge, let alone their 
distribution at depth. Furthermore, there is the problem that 
unusual circumstances might be required for their preservation. 
However, the discovery in the RITA area shows that metal 
deposition is not restricted to young oceans and that the axial 
zones of medium-fast (and perhaps fast) ridges are not only 
factories of oceanic crust and lithosphere but also plants for the 
concentration of heavy metals through :eaching of the oceanic 
crust in zones of intense hydrothermal activity and deposition on 
the basaltic floor. Indeed, the EPR deposits throw a fresh light 
on the whole question of the concentrat on of metal deposits of 
the oceanic crust. 

In the future one might envision tha: submarine metallifer- 
rous ore deposits are distributed in quasi-continuous, linear 
strips several thousand kilometres in length along the axis of the 
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fast-spreading East Pacific Rise and south-east branch of the 
Mid-Indian Ocean Ridge. Certainly we will have to re-examine 
our estimates of the mineral resources which lie within reach on 
top of the bare crust of the Mid-Ocean Ridge. Slow ridges seem 
so far to yield only Fe and Mn-rich deposits in fracture-zone 
terrain; thus, the sites of priority interest for further sulphide ore 
exploration are the fast as well as super-fast ridges. 
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Precise experimental results, combined with theoretical 
predictions, indicate that seismic energy loss caused by 
grain boundary friction is important only at low confining 
pressure and at strains greater than about 10 ©. Since these 
conditions are generally not encountered in seismology, 
frictional attenuation is not important in situ. Other 
mechanisms such as fluid flow must dominate seismic 
attenuation in the upper crust. 





FAR more information about the constitution of the Earth is 
obtained from seismic studies than from all other geophysical 
methods combined. Of the two main aspects of wave prop- 
agation—velocity and attenuation—knowledge of velocities has 
provided most of our information about the Earth. Attenuation 
data is of much more limited use, partly because it is difficult to 
obtain, but mainly because it is difficult to interpret in terms of 
rock properties. This is due primarily to our lack of understand- 
ing of the physical processes involved in the attenuation of 
seismic waves. (Here we are not considering apparent attenua- 
tion caused by geometrical spreading, partial reflections and so 
on, but are only interested in those processes that convert 
seismic energy into heat.) 

Many different techniques have been used to study the 
attenuation of acoustic waves propagating through rock. 
Although much data has been collected, no well-defined 
mechanism of energy loss has yet been firmly established on 
both experimental and theoretical grounds. One of the most 
intuitively appealing and widely discussed mechanisms pro- 
posed for seismic energy loss is based on simple Coulomb 
friction. In this mechanism the passing wave causes sliding at 
grain boundaries or across crack faces, thereby doing work 
against friction and converting seismic energy into heat. Since 
frictional heating is rate independent, it seems to account for the 
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reported observation that the specific dissipation function’, Q, is 
nearly independent of frequency. Friction also seems to explain 
why the introduction of cracks into a crystalline solid increases 
attenuation. The most severe criticism of a frictional mechanism 
is, however, that the mechanism is inherently nonlinear. This 
means that the velocity and attenuation of a sinusoidal wave will 
depend on how it is combined with other waves. It has been 
found that at large strain amplitudes (>10~) nonlinear effects 
such as cusped hysteresis loops^^ and amplitude-dependent 
velocity and аќепџаіоп? can be observed, but these effects 
disappear at strains more typical of seismic waves. 

Using both theoretical arguments and experimental results, 
several authors^" ? have expressed doubts about the validity of a 
frictional attenuation mechanism. For instance, Savage’ has 
suggested that frictional effects should be important only at large 
strains where displacements across crack faces are sufficiently 
large for the concept of macroscopic friction to be valid. Despite 
these criticisms, frictional losses are often used to interpret 
experimental observations!^ . To clarify the role of friction in 
seismic wave attenuation, we carefully investigated the depen- 
dence of velocity and Q on strain amplitude. We were able to 
identify the range of conditions for which frictional losses may 
be significant and our results show that the frictional mechanism 
is generally not important for seismic waves in the Earth. 


Theory of frictional losses 


Two of frictional attenuation models have been proposed. 
Walsh" developed a model based on thin elliptical cracks in 
which frictional sliding occurs between crack faces. Models 
based on spheres in contact were developed by Mindlin and 
Deresiewicz!^ and by, White". Mavko'5 has reviewed these 
theories and extended the contact model to more general 
geometries. The most significant feature of Mavko's model 
(which it shares with that of Mindlin and Deresiewicz) is that it 
predicts Q^! to be proportional to strain amplitude. It has been 
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found experimentally that frictional behaviour is often 
described by an equation of the form" 


T= 8 + үс, 


where о, is the frictional force, S is the cohesive shear strength, у 
is the coefficient of friction and‘c, is the normal stress across the 
sliding surfaces. The contact models predict that attenuation will 
decrease as cither y or S increases. Attenuation will also 
decrease as o, increases and the sliding interfaces are effectively 
locked together. 

In addition to the effects on attenuation, all frictional models 
predict that stress-strain loops will have discontinuities in slope 
at maximum strain. This is a static hysteresis effect. As stress 
reverses direction there is a simultaneous reversal of elastic 
strain and a delayed reversal of sliding strain. 


Table 1 Sample descriptions 


Dimensions Vid fa P 
Sample (cm) (kms Hz 7) Porosity 
Massilon sandstone 100x2.0x 1.9 2.000 22% 
Berea sandstone 101.6 x 2.54 2.032 20% 
2.54 
Sierra White granite 101.6x2.54x 2.032 1% 
2.54 | 
Мусос 7930 glass 91.4х1.5 diam. 1,828 28% 
Lucite (plastic) 98.7 x 1.51 diam. 1.974 0% 
Aluminium 100 x 2.22 x 2.22 2.000 0% 


Vycor 7930 porous glass is made by Corning Glass Works; the 
average pore sire is 4 nm. 


Past observations of frictional losses 


Several of the predicted effects of frictional attenuation models 
have been observed. Energy loss has been found to increase with 
strain amplitude at large strains in rock’ as well as between 
sliding glass and metal surfaces ^^^. It has been shown that at 
low strains («10 ©) attenuation is nearly constant’ and that 
variation with strain amplitude occurs only at larger strain. Some 
attenuation in metals at large strain is associated with dislocation 
mechanisms, but this does not explain all of the observations. 

Discontinuities in the slope of stress-strain loops have been 
observed in large strain quasi-static experiments". These have 
been described &s cusped loops. It has recently been shown?! 
that as strain amplitude decreases, the cusped loops become 
elliptical at strains approaching 107°. It is interesting that two of 
tbe effects predicted by frictional attenuation models, ampli- 
tude-dependent Q and cusped hysteresis loops, both seem to 
disappear below the same strain amplitude. 

It is also commonly observed that increasing confining pres- 
sure causes attenuation to decrease”. This is predicted by 
frictional models, but it is also predicted by many other possible 
mechanisms of energy loss and so by itself does not provide 
evidence for frictional loss. 


New observations of frictional losses 


We are using the well established bar resonance technique to 
measure both attenuation and velocity in long thin bars of rock. 
(Experimental details will be presented elsewhere.) An 
important feature of our experiment is that pore pressure is 
controlled independently of confining pressure. This has not 
previously been achieved in a resonance experiment. The length 
of the samples (—1m) puts the fundamental resonance 
frequencies at roughly 500-1,500 Hz. Sample dimensions are 
given in Table 1. Resonance frequencies are measured to 1 part 
in 10° and converted to velocities using the relation o =2Lf 
where L is the length of the bar. Geometric corrections given by 
Spinner and Tefft** are negligible for our samples in extensional 
resonance. Strain amplitudes are measured with crystal phono- 
graph pick-ups calibrated against semiconductor strain gauges. 
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Table 2 Tests for nonlinear behaviour in various materials (negligible 
changes of Qs and Vg are found for -naterials where frictional 
mechanisms 





are inoperative) 

Velocity 

Material Strain amplitude Ок (ms!) 
Lucite 143x10 $ "3,440.3 2,108 
3.04 x10* 23.2: 0.4 2,108 

Vycor 2.84 107% 43722 3,345 
1.58x107* 43544 3,345 

Alumnium 2.41x10™% 34,800 + 300 5,102 
2.46x10 35.200 +400 5,102 

Granite 1.44x 10$ 18541 3,629 
4.15x107* 20441 3,637 

Massillon 2.10 x 10°* 10741 1,820 
sandstone 1.55х107* 138+2 1,834 
Вегеа 2.10 10% 10343 1,937 
sandstone 2.30х107% 140+2 1,955 


Attenuation measurements сап be made either by plotting 
resonance peaks (О = f/Af) or by measuring the time constant 
of resonance decays (7 = Q/ «f). Before using either technique, 
resonance peak shapes were carefully observed to insure the 
purity of the resonances. For convenience, all attenuation data 
presented in this article was taken with the resonance decay 
technique (except as noted in Fig. 1). The precision of the 
attenuation measurements is 196 and the estimated absolute 
accuracy is 5-10%. Both torsional (shear modulus) and exten- 
sional (Young’s modulus) resonance modes show similar 
nonlinear behaviour at large strains. Only extensional data 
(taken at the fundamental resonance) will be presented here. 

Data for dry Massilon sandstone as a function of resonant 
strain amplitude are shown in Fig. 1. At strains below 5x 1077 
both attenuation (Q^) and velocity are nearly independent of 
strain amplitude, whereas at relativety large strains (710 *) 
there is a clear increase in attenuation and decrease in velocity. 
Of the two measured quantities, Q^! is more sensitive to strain 





Qg ` 





Velocity (m s^!) 











d 1 
10-* 107? 1076 
Stram amphtude 


Fig. 1 Variation of attenuation (Q^!) and velocity with strain 

amplitude for dry Mzseilon sandstone in extensional resonance. ж, 

The value found from the resonance peak half-width using the 
relation Q^! = Af; f. 
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Fig. 3 a, Attenuation in dry Berea sandstone as a function of 
strain amplitude, confining pressure (Р.) and pore pressure (P). 
Helium was used as the pressure medium. (A) Р. = 10 bar; (B) 
P,=20bar; (C) Р„=30 Баг; (D) Р. = 50 bar; (E) Р, = 50 bar, 
P,=30 bar. b, Extensional velocity of Berea sandstone. Data 
correspond to the attenuation data shown in (a). 


amplitude than is velocity, varying by 19% and 0.7%, respec- 
tively, The similarity of the curve shapes suggests an underlying 
relationship between the amplitude dependence of Q^! and 
velocity. 

We have further investigated these nonlinear effects by vary- 
ing effective stress—the difference between confining pressure 
and pore pressure. Figure 2 shows data for a jacketed sample of 
Berea sandstone, with helium used for both confining pressure 
and pore pressure. As confining pressure is increased from 10 to 
50 bar (curves A-D), the variation of both О! and velocity with 
strain amplitude gradually decreases. At a constant confining 
pressure of 50 bar (curves D and E) increasing pore pressure 
restores the dependence on strain amplitude. In Fig. 2a curves B 
and E show that Q"! is almost a unique function of effective 
stress at a given strain amplitude. 

The effects of changing water content оп О”! in Berea 
sandstone are shown in Fig. 3. The data for partially saturated 
rock at very low saturation were obtained at ambient room 
conditions. Data for ‘dry’ rock were obtained after drying the 
sample in a vacuum oven, and the data for saturated rock after 
saturating the sample with distilled water. The most noticeable 
feature is that the addition of water greatly increases the 
attenuation. This effect, which is associated with a fluid flow 
mechanism, will be discussed more thoroughly elsewhere”. Of 
greater interest here is that the addition of a small amount of 
water greatly increases the variation of Ог‘ with strain ampli- 
tude, whereas continued addition of water causes a smaller 
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additional variation in Q^. This is indicated by the brackets in 
Fig. 3 which show the difference between О”! at a strain of 
1.7 x 107° and the constant value of О! at low strains. 

To find out which structural features of a material are related 
to these nonlinear effects, we experimented with materials 
having physical compositions different from sandstone. Table 2 
shows data for various materials measured at both large and 
small strain amplitudes. Lucite and aluminium show no evidence 
of any change in velocity or attenuation with strain (to within 
experimental uncertainty) although their respective Q values 
span more than three orders of magnitude and their internal 
structures are quite different. (The values of Q for aluminium 
are probably underestimates because they are at the limits of 
sensitivity of our system.) There is also no variation in the values 
for dry Vycor glass. Under the scanning electron microscope 
Vycor appears to be composed mainly of glass beads —50 nm 
diameter. The contacts were beyond the resolution of the SEM 
used, (86,000x), but presumably the particles are welded 
together since they formed simultaneously from the melt. The 
flat cracks and partially cemented grain boundaries commonly 
found in rocks are probably scarce in Vycor. Table 2 also 
includes data for a room dry granite sample which shows the 
same nonlinear effects found in sandstone. 


Discussion 


The data we have presented, together with the existing data we 
have discussed, provide strong support for the existence of a 
frictional attenuation mechanism in rock at large strain ampli- 
tudes and low effective stresses. Every predicted feature of the 
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Fig. 3 Attenuation in Berea sandstone at various degrees of 

saturation as a function of strain amplitude. Brackets indicate 

frictional component of energy loss. A, saturated; B, partially 
saturated; C, dry. 


contact frictional loss mechanism has been observed experi- 
mentally. At large strains (71075) О”! increases with increasing 
strain amplitude and the amount of the variation in ОС! is 
strongly influenced by effective stress. A stress of 50 bar is 
enough to virtually eliminate the strain dependence at the 
strains and in the rocks which we have used. 

The effect of water on the amplitude dependence of ОС! is 
probably caused by water changing the frictional properties of 
the sliding interfaces. Figure 3 provides evidence for this. 
Adding a small amount of water to the sample presumably wets 
most of the internal surfaces, causing a slight increase in the low 
strain, linear attenuation (a fluid flow mechanism) and a large 
increase in the nonlinear, frictional component of attenuation. 
The addition of more water fills the remaining pore space, thus 
enhancing the flow losses but only slightly increasing the fric- 
tional energy loss. 
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The observations of cusped stress-strain loops** at strains 
greater than 107° also indicate that frictional sliding is occurring. 
It is significant that all of the evidence for a frictional attenuation 
mechanism disappears below strains of the order of 107°. The 
cusped loops become elliptical and О”! becomes independent of 
strain amplitude. The implication is that at low strains attenua- 
tion is caused only by linear loss mechanisms. At larger strains, 
nonlinear frictional losses become observable. This leads to the 
question of why a strain of 107° or larger is needed before 
frictional attenuation is observed. We can assume that dis- 
placements across crack surfaces must be at least comparable 
with inter-atomic spacings (— 107^ cm) for friction to be present. 
A shear strain є will produce a displacement d across the sides of 
a crack of length L given approximately by d - eL. If d= 
107* cm and e= 1075, then we find that L = 10? cm. A crack 
length of 107? cm may well be a rough upper. bound to the 
majority of crack lengths found in rock. Hadley? reported that 
in Westerly granite only 796 of the observed cracks had lengths 
greater than 107° cm and none were longer than 3x 10 ? cm. 
Therefore, at strains below 107°, sliding displacements between 
crack faces are so small in the majority of cracks that friction 
does not adequately describe the interaction. As strain increases 
above 10^5, frictional sliding begins to occur at more and more 
cracks and attenuation increases. 

After eliminating friction as a loss mechanism at low strains, 
we still have to account for the observed energy loss at low strain 
amplitudes in ‘dry’ rock. We must also explain the change in 
attenuation that occurs as cracks are closed under confining 
ргеѕѕшге?222° or created through thermal cracking? or dita- 
tancy!'. Unfortunately, we do not know yet what mechanism is 
responsible for these losses. The data collected by Tittmann et 
al? showing the strong effect that-trace amounts of volatiles 
have on attenuation probably has a direct bearing on this 
mechanism. Another possibility is some form of grain boundary 
relaxation 5?" ог a dislocation mechanism similar to those dis- 
cussed by Mason*"*. Whatever the cause may be, it is reasonably 
certain that the mechanism does not involve any macroscopic 
concept of friction. 


Conclusion 


On both experimental and theoretical grounds it seems clear 
that frictional energy losses occur in rock at room pressure only 
at strains greater than approximately 10 5. This is far greater 


than strain amplitudes generally encountered in seismology 
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except in regions near seismic sources. Even there the effect of 
confining pressure will virtually eliminate frictional energy 
losses in the Earth. Consequently, frictional losses are not 
important in seismology. 

The mechanism by which cracks influence attenuation at low 
strains in ‘dry’ rock needs to be re-examined. The concept of 
frictional energy loss is so firmly established (on intuitive 
grounds) that the term ‘internal friction’ is often interpreted 
literally to mean a frictional energy loss. Though the choice of 
words is unfortunate, internal friction is simply a general term 
for energy absorption and does not imply any particular 
mechanism. It must be kept in mind that actual frictional energy 
loss is a large-strain, low-pressure phenomenon that is often 
observed in the laboratory, but seldom observed in the Earth. 

We thank Drs Gary Mavko and Einar Kjartansson for useful 
discussions, Peter Gordon for assistance in constructing equip- 
ment and Lori Dengler for SEM photographs. This research was 
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H. J. Evans, K. E. Buckton, G. E. Hamilton & A. Carothers 


Medical Research Council, Clinical and Population Cytogenetics Unit, Western General Hospital, Edinburgh, UK 


The incidence of chromosome aberrations in peripheral 
blood lymphocytes of 197 dockyard workers has been 
followed over a 10-yr period. These workers were exposed to 
mixed neutron-y radiation during the refuelling of nuclear 
reactors, but most exposures were below the internationally 
accepted maximum permissible level of 5 rem per yr. There 
was a significant increase in chromosome damage with 
increasing exposure; aberration frequency was a linear 
function of dose and was influenced by age and time of 
blood sampling after exposure. 





CYTOGENETIC studies on human peripheral blood lympho- 
cytes exposed to low doses of ionising radiation in vitro have 
shown that it is possible to detect significant levels of 
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chromosome damage from the analysis of a few hundred celis. 
For example!, the frequency of dicentric and ring aberrations in 
nonirradiated control blood cells was found to be 1 in 10° and 
this increased approximately 20-fold after in vitro exposure to 
30 rad of X rays, the incidence increasing linearly over the range 
0-50 rad with no evidence for a threshold dose level. At higher 
exposure levels, the contribution of a ‘dose-squared’ component 
becomes more significant, so that over higher ranges of exposure 
the yields of such aberrations may approximate to the square of 
dose. In contrast, the aberration frequency after in vitro 
exposure of blood cells to high linear energy transfer radiations, 
such as 0.7-0.9 MeV fission neutrons ^, increases linearly over 
a wide dose range and such radiations are considerably more 
efficient than X rays, per unit of absorbed dose, at dose levels 
over a range (below a few hundred rad) yielding less than an 
average of one dicentric aberration per cell. 
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Studies on chromosomes of lymphocytes from people 
exposed to ionizing radiation have also revealed increased 
aberration yields after in vivo exposure to relatively low doses of 
X rays, y rays or fast neutrons. Moreover, because of the 
equivalent sensitivity of lymphocyte chromosomes to radiation 
damage in vitro and in vivo?, and because of the strict relation- 
ship between aberration frequency and radiation dose and 
quality in vitro, it has become standard practice to use lympho- 
cyte aberration frequencies as a ‘biological dosimeter’ in cases of 
accidental in vivo exposure to radiation®’. Extrapolation from 
In vitro studies suggests that an acute X-ray exposure of 5 rad 
(equal to the maximum permitted annual dose for a radiation 
worker) would increase the spontaneous frequency of dicentric 
aberrations by a factor of three or four, so that the "doubling 
dose’ for these somatic genetic effects is quite small. However, 
there is little direct information on the possible effects of low 
dose ім vivo exposures. A study of workers employed at a UK 
Atomic Energy Establishment showed that those occupationally 
exposed to mixed neutron-y radiation, at levels below the 
maximum permissible exposure levels, had a significant excess 
of blood lymphocytes containing dicentric or ring aberrations 
relative to on-site controls*. However, no quantitative dose- 
effect relationship was evident, possibly because of inadequacy 
of the control data, а varying pattern of dose accumulation with 
time between individuals receiving similar total doses, too small 
a number of subjects or too few cells scored. 


The population and methods of analysis 
In 1968 the opening locally of an establishment for servicing and 
refuelling nuclear powered submarines provided an opportunity 
for studying a population of men subject to occupational radia- 
tion exposure within the maximum permissible limits of 5 rem 
per yr. As the majority of the workers at the new establishment 
had not received previous occupational exposure to radiation, 
_ blood samples were taken before their classification as ‘radiation 
workers’, to give background control samples, and serial blood 
samples were later obtained as dose was accumulated. This 
population has now been studied over a 10-yr period and 
chromosome aberrations scoréd in blood lymphocytes of 197 
men, the majority of whom have been sampled on several 
occasions. 

A heparinised venous blood sample of 5 ml was taken at the 
time of a workers ‘preclassification’ examination, or annual 
medical check up, and set up in culture later on the same day. 
Blood culture and chromosome preparation і were 
those that have been standard in this laboratory” 
study period, with all cultures incubated for 48h at 37°C. 
Preparations were stained with orcein and for esch culture 100 
cells with 45 or more centromeres were scored directly under the 
microscope by one observer for dicentrics, rings, acentric frag- 
ments, minutes, abnormal monocentrics, additional or absent 
monocentrics (aneuploidy), a medium-sized chromosome with 
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Doss (rem) 


Fig. 1 Relationship between accumulated dose (rem) and mean 
aberration frequencies (2-s.c.m.) for dicentrics (A), acentric frag- 
ments (A), and for Cu (О) and Cs (@) cells. 


abnormal centromere separation (almost certainly an abnormal 
X chromosome’*"') and chromatid aberrations, although not all 
these abnormalities would be expected to be consequences of 
radiation exposure (see below). All blood samples were coded - 
and the cytological observer had no knowledge of the radiation 
history of any sample at the time of scoring. 

Dose estimates (in rems) from film badges were provided by 
the Admiralty Radiation Records Centre, Institute of Naval 
Medicine, and were obtained independently of the receipt of 
blood samples and some time after completion of chromosome 
analyses. The radiation sources were nuclear submarine reactors 
undergoing refit and emitting mixed neutron-y radiation, but 
the exposures were stated to involve ‘almost exclusively gamma 
radiation’. 

The data obtained over the 10-yr period were grouped by 
cumulative dose into 5-rem intervals and the basic data from the 
study are presented in Table 1 and Fig. 1. From Fig. 1 it seems 
that the incidence of cells containing all types of structural 
chromosome aberrations is positively correlated with dose. 
However, we have evidence from studies on a variety of popu- 
lations for an increase in the spontaneous frequency of aber- 
rations—in the absence of known radiation exposure—with 
increasing age (unpublished data and see also ref. 12). Also, by 


Table 1 Frequenoes of chromosome abnormalities in the various exposure groups 


Dose range (rem) 0.0-0.9 1.0-4.9 5.0-99  10.0-14.9 15.0-19.9 20.0-249 25.0299 230.0 Total 
No. of cultures* 87 85 91 91 36 29 11 6 436 
No. of indrvichralst 80 80 -7i 68 29 22 9 6 197 
Total cells examined 8,700 8,500 9,200 9,075 3,700 2,900 1,040 600 43,715 
Mean age (yr) 32.6 317 374 39.8 39.4 413 42.3 41.3 -36.4 
Moan does (rem) 0.2 25 77 12.2 17.4 21.8 26.7 32.9 8.7 . 
Moan dato of culture 1971.9 1971.7 1972.1 1973.0 1973.8 1974.9 19750 1975.2 1972 6 
Coils with additional or massing monocentrics 219 247 317 305 105 98 24 13 1,328 

(aneuploids) 
Cells with abnormal monocentrics (Cs celis) 10 13 21 19 6 7 4 2 82 
Cells with unstable aberrations (Са celis) 26 40 50 62. 30 22 11 8 249 
No. o£ acentnic elements 14 17 30 37 18 7 7 6 136 
No. of dicentncs ` 14 23 21 32 21 15 6 2 134 
No of rings 2 6 5 4 0 3. 1 0 21 
No. of chromatid aberratons 156 200 199 224 73 63 30 21 966 
Abnormal пот чыте (X7) chromosomes 20 7 18 29 i4 . 8 4 2 102 
а ———————————————_—_—————————— 

* Fow workers received as much as 5 rem рег year so that more than one culture from ап individual may occur within а pven dose group 

t Approximately half of the indrviduals had two or mòre cultures analysed. 
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Incidence Increase in incidence 
Type of. . per 1,000 per cell/rem x 10* 
aberration celist of ‘total’ doset 
Acentric elements: ; 1.77(x0.42) 1.55(+0.38) 
Dicentrics : 1.85(+0.35) 1.40(+0.38) 
Acentric elements, dicentrics 
4.06(+0.61) 2.99(x0.56) 


and rings combined 


4.1*** 
37*** 


gars 


Increase in incidence 
per cell/rem x 10 


Increase in incidence 
per cell/rem x 10 


t of ‘early’ doset tà of ‘recent’ dase fy 
1.20(+0.52) 2.3* 2.32( 46.91) 2.5* 
1.01(x0.53) 1.9 2.32(£1.01) 23* 
2.39(x0.76) 9.19% 4.38(x 1.40) 4 p 


rri ttt e e a m n —— M —————— 
* Baseline incidence is calculated at zero dose, mean age (36.4 yr) and mean date of culture (1972.6). 
+ These are equivalent to the coefficients b, b; and bz of the model described іп the text. 


* ** *** Significance levels at 0.05, 0.01 and 0.001 respectively. 


the very nature of the dose accumulation process, it is to be 
expected that older workers and samples from later years would 
contribute disproportionately to the higher dose categories. The 
positive correlation between dose and age, and dose and year of 
culture, and aberration frequency is shown in Fig. 2 and it is 
clearly necessary to take account of the influence of these two 
factors in examining for correlations between level of exposure 
and aberration yield. For this reason the data were initially 
analysed by multiple linear regression under the assumption that 
n, the number of aberrations in the i-th culture, is Poisson- 
distributed with mean y; given by 


ш = Ni(a + bx; + cy; + dz;) 


where N; = number of cells examined in i-th culture; x; =cumul- 
ative dose received by the blood donor at the time of the i-th 
culture; y; = age of donor at the time of culture; and z; = year in 
which sample for the i-th culture was taken. We accept the 
conventional assumption of a Poisson distribution, but note that 
the small numbers of aberrations give insufficient data for a 
rigorous test of this premise. The parameters were estimated by 
maximising the likelihood, the significance of an effect being 
judged by standard likelihood-ratio tests. In this way a ‘best 
linear model’ containing only the significant (P « 0.05) effects 
was found for each type of aberration. Those aberrations whose 
‘best linear model’ included a dose effect were then further 
analysed in terms of: (1) a model with a term x? to see whether 
significant second-order effects of dose were present; (2) a 
model with a term x,y; added to see whether a significant 
age-dose interaction was present. 
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Fig. 2 The relationships between accumulated dose (rem) and 
year of culture (8), and dose and age of blood donor (O). 


Studies on radiotherapy patients and on individuals acci- 
dentally exposed to high doses of radiation have shown that the 
frequency of unstable aberrations in peripheral blood lympho- 
cytes, such as dicentrics, rings and fragments, decreases in the 
months and years following exposure". Thus, for a given time of 
blood sampling, an exposure a few days or weeks before samp- 
ling results in a higher detected incidence of induced unstable 
aberrations than an equivalent exposure received a year or more 
before sampling. For this reason a third model with terms 
Бух, + box, replacing bx; in the best linear model was also 
considered, where xı; = cumulative dose received before the 
beginning of the second full calendar year preceding the date of 
culture, and х›; = x; ~ xj; =the dose received since that time. 
The aim of this third approach was therefore to establish 
whether the frequency of a given aberration type showed a 
stronger dependence on the dose received recently (x2;) than on 
that received earlier (x1;), as would be expected if there were a 
genuine dose-effect causal relationship. 


Dependence of aberration incidence on 
dose, age and time of exposure 


These analyses to take into account the contribution of age and 
date of culture revealed significant effects of dose for the 
incidence of dicentric aberrations, acentric fragments and cells 
with such unstable aberrations (Cu cells), but not for cells with 
symmetrical rearrangements (Cs cells); these data are sum- 
marised in Table 2. In vitro radiation ‘model’ experiments and 
‘high dose’ in vivo studies have clearly shown that the incidence 
of dicentric (ring) aberrations, acentric fragments and total 
cells with such unstable aberrations (Cu cells) is dose dependent 
and that these aberrations are typical radiation-induced 
changes: the difficulty of detecting symmetrical rearrangements 
contributes to the much lower incidence of Cs relative to Cu cells 
and to the diminished dose dependence of Cs cell types. In 
contrast, as most peripheral blood lymphocytes are in a G1 
phase when exposed to radiation, the majority of chromatid- 
type aberrations observed in such cells are not radiation- 
induced and these aberrations, and the incidence of aneuploidy 
in first post-irradiation mitoses, show little dependence on dose. 
Similarly, the incidence of a medium-sized chromosome with 
abnormally separated chromatids is independent of radiation 
exposure, but is heavily dependent on age and sex, being 
prevalent in ageing females and identified as an X 
chromosome’*'!. In the present data a significant age-effect 
relationship, but no dose-effect relationship, was found for 
aneuploid cells, for chromatid aberrations and for 'X 
chromosomes’ with abnormal centromere separation, so that 
these results are as expected. 

The above analyses suggest that the asymmetrical, or 
unstable, aberrations observed in the blood cells of these dock- 
yard workers are a consequence of their exposure to radiation. 
Detailed analysis of these aberrations further reveals that: (1) 
there are no detectable second-order effects of dose—all data 
are consistent with a linear dose response; (2) in all categories 
there is a positive age-dose interaction (Table 3), indicating a 
greater susceptibility to radiation-induced chromosome damage 
with increasing age—as suggested by earlier in vitro studies 5 
this was statistically significant (P « 0.05) for dicentric aber- 
rations; and (3) for all categories the dependence on ‘recent’ 
dose is greater than on ‘early’ dose, although in no case do the 
coefficients b, and b. differ significantly (Table 2). 


Implications of the findings 


The demonstration of a significant dose-dependent increase in 
chromosome aberrations in peripheral blood leukocyte 
chromosomes in a population of closely monitored nuclear- 
dockyard workers, subject to occupational radiation exposure 


Table 3  Age-dose interactions for aberrations with a significant dose-dependence 











Significance Estimated increase in incidence per rem 
level of per cell (x10) 
interaction MEM MCCC DNE 
effect Age 25 yr Age 40 yr Age 55 yr 
Acentric elelements P=0.24 1.042059) — L64050.40)— 22505071: 
Dicentrics P=0.030 0.53(x0.59) 1.572038) 2600.68) 
Acentric elements, 
dicentrics and 
rings combined P=0,021 1.57(£0.85) 3.272087) 


4.97( 60,99) 
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within the maximum permissible level of 5 rem per yr, raises а 
number of questions. We should perhaps first note that the 
estimated rate of increase of dicentric aberrations with dose 
(1.4 x 107“ dicentrics per cell per rem) is of a similar order to that 
obtained from our earlier data? on a population of occupation- 
ally exposed personnel at UKAEA Windscale, although the 
number of cells examined in the Windscale study was insufficient 
to establish significance. In this context it should be noted that 
the effect of increasing dose is not seen in successive cultures 
from the same individual, at the exposure levels encountered by 
our population, because the number of cells examined per 
individual is insufficient. For example, in these conditions of 
exposure, the detection of the estimated effect of 10 rem on the 
incidence of dicentrics in a single individual would necessitate 
examining of the order of 10,000 cells—a formidable task. 

The yield of dicentric aberrations, or of acentric fragments, in 
cells from individuals obtained before occupational exposure, or 
after exposure to «1 rem, was —1 in 700 cells, rising approxi- 
mately fourfold after accumulation of doses of 20 to 30 rem. The 
observed increase is therefore not large, but it is a direct 
expression of increased genetic damage caused by radiation 
exposure. The dicentric aberrations observed are frequently cell 
lethal, as also are a proportion of the free fragments, but some of 
the cells containing acentric fragments, and those with sym- 
metrical rearrangements such as translocations, are viable and a 
proportion of these are detected as Cs cells. Cs cells are not 
easily distinguished, represent —1 in 900 cells studied in indivi- 
duals receiving «1 rem, and are approximately three times as 
frequent in individuals who accumulated more than 25 rem. It is 
not clear whether there is a somatic effect on the individual as a 
result of the presence of Cs cells, although each such cell 
presumably contains some kind of mutational change and there 
are many thousands of such cells present in blood lymphocytes 
and bone-marrow cells of individuals not exposed to radiation. 
Our data therefore tell us nothing about possible biological 
consequences, but merely demonstrate. that it is possible to 
detect a biological effect at the chromosome level of occupa- 
tional exposure to ionising radiation below the internationally 
agreed maximum permissible levels. 

There has been much recent publicity concerning possible 
increased cancer incidence— particularly leukaemias and 
lymphomas—in occupationally exposed personnel in the USA 
in a Naval dockyard'*"" and in the atomic energy plant at 
Hanford!*?. However, the data on which some of these claims 
have been based, and the analyses involved, have been very 
heavily criticised”. It is therefore pertinent for us to point out 
that the exposed population that we have studied is small, 
subject to very low levels of radiation exposure for periods up to 
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only 10 yr—and is therefore unlikely to provide useful data on 
the incidence of malignant disease. During the 10-yr study there 
were 2 deaths amongst the 197 men studied, both due to 
myocardial infarction: there was no record of deaths due to 
leukaemia or other malignant disease. Examination of the 
Registrar General’s returns for deaths attributed to, or asso- 
ciated with, leukaemias for the area which includes our naval 
dockyard, has revealed no increase in the incidence of leuk- 
aemia relative to other populations over the years 1967-77, and 
no disproportionate number of dockyard workers suffering such 
deaths. We emphasise again, however, that the population size is 
small and it would seem sensible to monitor causes of death in a 
larger population of workers exposed to radiations within the 
occupational limits—a project that has already been initiated by 
the National Radiological Protection Board^*. 

We thank the workers at HM Naval Base Rosyth for their 
cooperation, the Senior Medical Officers and staff at Rosyth and 
Head of NRPS and staff at Alverstoke for providing blood 
samples and dose records, and D. G. Papworth for statistical 
advice. 
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The human a- and B-globin genes have been activated in 
MEL x human fibroblast cell hybrids. However, even 
though the human y- and B-globin genes are closely linked 
and were shown in these hybrid clones to be present in 
approximately equal numbers, no human y-globin mRNA 
was produced. Thus, the human B- and y-globin genes in 
these cells are differentially regulated apparently by a posi- 
tive regulatory factor(s) specific for individual globin 
genes. 
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IN order to define the mechanism of globin gene regulation in 
mammalian cells, we have examined the expression of the 
mouse and human haemoglobin genes in somatic cell hybrids 
between mouse erythroleukaemia (MEL) cells and various 
human cell lines" $. Previous studies have shown that fusions 
between MEL cells and human (or Chinese hamster) erythroid 
cells resulted in co-expression of mouse and human (or Chinese 
hamster) haemoglobin!?; fusions of MEL cells with non-eryth- 
roid cells resulted in hybrids which could not be induced to make 
haemoglobin?^^"-'9, even though the globin genes were present 
in the hybrid cells’. Gopalakrishnan et al.* obtained evidence for 
the existence, in the cytoplasm of non-erythroid cells, of a 
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Table 1 Phenotype of 2S MEL x HLN hybrids and parents 











Cell line Chromosomes Isozymes 
% LDH APRT 
Meta- 

Parents Mean Range centrics M H-A H-B M H 
2S MEL 57.3 44-75 103 +++ 0 0 +++ 0 
HLN 46.1 44-48 88.6 0 +++ +++ 0 +++ 
Hybrids 

XVIH-5 68.0 51-86 17.1 +++ ++ +++ +++ 0 
XVIII-15 55.9 42-74 11.5 +++ +++ 0 +++ 0 
XIX-2 1223 73-159 222 +++ * +++ +++ + 
XIX-7 72. 60-89 20.3 +++ ++ 0 +++ 0 
XIX-10 74.44 59-90 24.4 +++ + 0 +++ + 
XX-8 66.4 46-84 13.7 +++ ++ ++ +++ 0 





2S MEL is an MEL cell line containing a sub-tetraploid complement of 
chromosomes? ; itis TK”. HLN stands for a human Lesch-Nyhan skin fibroblast 
primary cell line (CRL 1112, ATCC), and is HGPRT”. XVIII-5 is the Sth clone of 
the 18th fusion of 2S MEL cells to human non-erythroid cells. For the 
chromosome analysis: approximately 10° cells were washed in Dulbecco's phos- 
phate-buffered saline, swollen in 0.075 M KCI, fixed in 3: 1 methanol-acetic acid 
and dropped onto glass slides. Photographs of at least 15 metaphase spreads per 
clone were counted to estimate the total number of chromosomes and per cent of 
metacentric chromosomes. The spreads were made from an aliquot of the same 
expanded and induced cell population from which the isozyme analyses were done 
and from which the RNA and DNA were isolated for the studies in Table 2 and 
Figures 2-4. For the isozyme analysis: human chromosome 11 is known to have 
LDH-A and the y-6-B globin gene complex^?; human chromosome 16 is known to 
have APRT and human a-globin!?; LDH-B is on human chromosome 12. APRT 
analyses were by the method of Tischfield et al. 30 . Only hybrids positive for human 
LDH-A (chromosome 11) are shown; approximately 25% of the successful fusions 
between 2S MEL and HLN cells resulted in retention of chromosome 11 after 
expansion. M, mouse; H-A, human LDH-A; H-B, human LDH-B; H, human. 
The scale is: 0, None detectable; + > +++ = increasingly positive. 


negative regulatory factor which prevented the subsequent 
induction of haemoglobin in MEL ‘cybrids’ obtained by fusion 
of intact MEL cells with enucleated non-erythroid cells. 
Recently, Deisseroth and Hendrick’! showed that human a- 
globin mRNA as well as mouse globin mRNA was expressed in 
1$ MELxhuman erythroid cell hybrids when human 
chromosome 16 had been selectively retained. It is not known if 
a fibroblast a-globin gene would have been activated in these 
1S MEL hybrids. 

We wish to learn if erythroid cells (such as MEL cells) might 
contain one or more positive regulatory factors. Evidence for 
positive regulation would exist if conditions could be found that 
result in activation of fibroblast globin genes (as well as MEL 
globin genes) in MEL x fibroblast hybrids. À gene dosage effect 
has been used by others to obtain phenotypic expression of 
differentiated functions in somatic cell hybrids" !"; an increased 
input of chromosomes from one parental cell can yield hybrid 
cells in which a previously unexpressed function might be 
activated !^?, Weiss and coworkers'" have extensively studied 
the activation of albumin synthesis and other liver functions in 
rat hepatoma х mouse lymphoid cell hybrids. The expression of 
rat hepatic functions, and the activation of such functions from 
the mouse lymphoid chromosomes, was greatly increased by the 
use of a 2S (tetraploid) hepatoma parental cell". Our laboratory 
developed a stable 2S (tetraploid) MEL cell line? and demon- 
strated that 25 MEL x fibroblast hybrids were inducible for 
haemoglobin as shown by positive benzidine staining of hybrid 
cell clones. It was also demonstrated that 18 MEL x fibroblast 
fusions can result in haemoglobin inducible hybrids although the 
efficiency is greatly increased when 2S MEL cells are used. 

We have now tested for the expression of mouse and human 
globin genes by measuring the amounts of mouse and human 
globin mRNA in somatic cell hybrids derived from fusions of 
2S MEL cells with human fibroblasts. The human a-globin gene 
is on chromosome 16 (ref. 19) and the human y-6-8 globin gene 
locus is on chromosome 11 (ref. 20). Adults synthesise primarily 
haemoglobin A (a@282) while the human fetus synthesises pri- 
marily haemoglobin Е (o; y;). Soon after birth, haemoglobin F is 
replaced by haemoglobin A. Since the y- and B -globin genes are 
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closely linked, our experimental model is unique in that. it 
provides the opportunity to examine the expression of two 
closely linked genes at the molecular (mRNA) level. Our results 
indicate that, when human chromosome 16 is present in the 
hybrid clone, human a-globin mRNA is produced (in addition 
to mouse globin mRNA); when chromosome 11 is present, 
human B-globin mRNA is found. Surprisingly, however, even 
when human f-globin mRNA is present in large amounts, по 
human y-globin mRNA is detectable. Thus, even though the 8 - 
and y-globin genes are closely linked and were shown to be 
present in approximately equal numbers in these hybrid cells, 
only the B-globin gene is expressed. Thus, the mechanism of 
differential regulation of human £- and y-globin genes seems to 
involve, at least in these cells, a globin gene specific regulatory 
factor(s). 


Hybrids between MEL cells and human 
fibroblasts 


Fusions were performed between thymidine kinase deficient 
(TK^) 2S MEL cells? and various hypoxanthine-guanine-phos- 
phoribosyl-transferase deficient (HGPRT) human non-eryth- 
roid cell lines. In each fusion, several individual clones were 
grown to 10° cells and analysed for human lactate dehy- 
drogenase-A (LDH-A); human chromosome 11 contains LDH- 
A and the y-6-8 globin gene complex. Positive clones were 
expanded to 5 x 10* cells and a repeat isozyme analysis carried 
out. If the clone was still positive for LDH-A, a portion of the 
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Fig. 1 Lactate dehydrogenase (LDH) isozyme pattern of the parental 
2S MEL cells, human Lesch-Nyhan (HLN) skin fibroblast primary cells, and 
two of the hybrids between them. The parental lines, 28 MEL and human 
Lesch-Nyhan fibroblasts (see Table 1), were grown in F14 medium (available 
without NaHCO3 from Gibco as F12-modified medium 72004) supplemen- 
ted with 3.7 gl" NaHCO; and with 10% fetal calf serum’!, 28 MEL cells 
(1 х 10”) were mixed with 1 x 10° trypsinised HLN fibroblasts, washed twice 
in serum-free medium, resuspended in 1 ml of serum-free medium contain- 
ing 250 HAU of inactivated Sendai virus, incubated at 0°C for 15 min, then 
at 37°C for 1 h, resuspended at 5 x 10^ cells m^! in medium with serum, and 
incubated at 37 °C in 10% CO; at 100% humidity’. The next day celis were 
plated in 0.1 ml in microtiter wells (Falcon) at different dilutions. After 24 h, 
0.1 ml of medium containing 2х HAT was added to each well. After 2-3 
weeks, wells containing visible colonies (all floating cells) were transferred to 
60-mm dishes in medium containing 10 ^ M hypoxanthine and 1.6x 
107° М thymidine. After 1 week in this medium, the cells were transferred 
to regular growth medium (F14 plus 10% fetal calf serum) and expanded to 
1x10$ cells. Each clone was then analysed for human LDH-A. Elec- 
trophoresis was carried out using the Gelman LDH isozyme electrophoresis 
system (according to Technical Bulletin 23) with Corning ACI agarose 
electrophoresis film. Positive clones were grown to 3-5 х 10° cells and 
re-checked for LDH-A. One-half the culture was transferred to medium 
containing 2.0% DMSO and incubated for 5-6 days (reaching approxi- 
mately 10? cells); the remainin ng half was continued in regular growth 
medium for 2-4 days to reach 10" cells. Aliquots from each incubation were 
taken for LDH and APRT isozyme electrophoresis, chromosome analysis, 
benzidine reactivity and "H-leucine incorporation into globin chains. АҢ 
remaining cells were used for RNA and DNA extraction as described in the 
legend to Fig. 2. H, human Lesch-Nyhan fibroblasts; M, 28 MEL celis; 
XVIII-15 and XIX-7 are hybrids; —, means after expansion to 10? cells but 
without induction; +, means after expansion and induction of haemoglobin 
by 5-6 days growth in 2% dimethyisulfoxide. A, human LDH-A tetramer; 
B, human LDH-B tetramer. 
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Fig. 2 Hybridisation of hybrid cell RNA to ?H.mouse globin cDNA and 
"^P-human a-globin cDNA. Hybrid cells (see Fig. 1 legend) were pelleted, 
washed once in minimal essential medium, repelleted, and then suspended in 
a solution of 10 mM Tris-HCl, pH 8, 2 mM MgCl, 3 mM CaCh, 0.1% 
Triton X-100, 0.5 mM dithiothreitol, and 0.1 M sucrose. Nuclei were 
obtained by homogenisation with a motor driven Teflon-glass Dounce 
homogeniser (4—6 strokes at full speed); the nuclear suspension was diluted 
1:1in an identical buffer but with a sucrose concentration of 0.25 M. 20 ml 
of the nuclei suspension was then layered onto 10 ml of a 0.33 M sucrose 
cushion containing 10 mM Tris-HCl, pH 8, 5mM MgCl, and 0.5 mM 
dithiothreitol. The nuclei were pelleted by centrifugation at 800g 
(2,200 r.p.m. in a GLC tabletop centrifuge) for 5-10 min. The supernatant 
fraction was removed for RNA extraction; DNA was extracted from the 
nuclear pellet as previously described”°, For RNA extraction, the super- 
natant from the preparation of nuclei was made 0.1 M in NaOAc (pH 5) and 
10mM EDTA. Subsequent phenol extraction at 55°C, ethanol pre- 
cipitation, DNase treatment, re-extraction with phenol, and passage over a 
G-50 Sephadex column was as described previously" ^"^. Mouse globin 
cDNA was prepared as previously described?^ using mouse reticulocyte 
mRNA prepared from polysomes? as a template for RNA-directed DNA 
polymerase. ЗН-СТР was used as the label yielding a probe with a specific 
activity of 10,000-12,000 c.p.m. eg A size fraction 500-600 nucleotides 
in length was selected by alkaline sucrose gradient centrifugation??. Plasmid 
DNA (100-150 wg) from JW 101 (human a), JW 102 (human В}, or JW 151 
(human у)?! was digested with Mboll (JW 101) or Hhal (JW 102, JW 151) 
and the resulting DNA fragments were fractionated on a sucrose gradient 
{5-20%) in 10 mM Tris-HCl, pH 7.5, 100 mM NaCl, and 1 mM ЕРТА??. 
The largest fragment, which contains the globin gene insert, was recovered 
by ethanol precipitation. Nick-translation" 5.37 in the presence of 32р. астр 
resulted in a specific activity of approximately 10° c.p.m. рр. Each plas- 
mid fragment was annealed in 50% formamide, 0.5 M NaCl to homologous 
mRNA (that is, the fragment containing either the a- or 8-globin gene was 
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annealed to human adult globin mRNA (a and В) while the Hhal fragment containing the y-globin gene was annealed to fetal reticulocyte mRNA (а, B, and у)) at 
66.5 °C. At this temperature DNA will not reanneal, but a duplex between mRNA and the cDNA strand of the insert is formed. Digestion with S, nuclease resulted in 


destruction of all DNA except that in a duplex. The single-stranded cDNA fragment was then recovered by alkaline sucrose gradient centrifugation 


and used for 


mRNA : cDNA (and DNA · cDNA) hybridisations. mRNA -cDNA hybridisation was carried out as previously described? except that both 3H-mouse globin cDNA 
and ??P-human a-globin cDNA were used in each double labelled reaction. Titrations were performed in 50% formamide, 0.5 M NaCl at 66.5 °C. Incubation to 
achieve equilibrium was for 48 h after which duplex formation was analysed by S, nuclease resistance ". Each 10 p reaction mixture contained 2,000 c.p.m. of 


5H-mouse globin cDNA and 2,000 c.p.m, of 2 


P-human a-globin probe. Control incubations showed: (1) duplex formation resulting from titration with mouse 


reticulocyte mRNA reached 82% for the 5H-mouse cDNA, but less than 1% for the >*P-human a cDNA; and (2), duplex formation resulting from titration with 

human reticulocyte mRNA reached 71% for the 32p_human а cDNA but less than 1% for the ?H-mouse cDNA. Values were normalised by dividing each ?H value 

by 0.82 and each 32р value by 0.71. The ^H values for all six hybrids were similar and were, therefore, averaged. Similar computations were performed for the data in 

Figs 3 and 4. @, Hybridisation with 3H-mouse globin cDNA (the values for all six hybrid cell RNAs have been averaged and normalized; see above); 0), hybridisation 

of the RNA from hybrid XIX-2 with 3?P.human a-globin cDNA; A, RNA from XIX-10 with 32р питал a-globin cDNA; О, RNA from XVITI-5, XVIII-15, 
XIX-7, and XX-8 with ??P-human a-globin cDNA. 


cells were grown in 2% dimethylsulphoxide (DMSO) for 5-6 
days and the remainder for a shorter period without inducer (see 
Fig. 1 legend). Aliquots from each incubation were taken for 
isozyme analysis, karyology, haemoglobin inducibility and °H- 
leucine incorporation into globin chains. RNA and DNA were 
then extracted from the remaining cells as described in Fig. 2 
legend. 

The phenotypic characteristics of the 25 MEL and the human 
Lesch-Nyhan (HLN) skin fibroblast primary parents, as well as 
of six hybrids between them, are shown in Table 1. Only the six 
hybrids which are positive for LDH-A (Fig. 1) are shown, since 
B-globin mRNA was not found in the hybrid clones lacking 
LDH-A (data not shown). APRT was examined as it is a marker 
for chromosome 16 which carries the human a-globin gene. 
Chromosome analysis shows that the hybrids possess an 
increased number of chromosomes and a higher percentage of 
metacentrics than the 28 MEL parent. All six were positive for 
mouse LDH, mouse APRT, and human LDH-A; three were 
positive for LDH-B (carried on chromosome 12); two for 
human APRT. XIX-2, the hybrid with the highest number of 
chromosomes (122 with 2296 metacentrics), was the only clone 
positive for all three human enzymes: LDH-A, LDH-B, and 
APRT. As shown in Table 2, all six hybrids could be induced to 
make haemoglobin as determined by benzidine staining. 


Detection of human globin mRNA in cell 
hybrids 

Pure single stranded probes complementary to human a-, B-, 
or y-globin mRNA were prepared from recombinant cDNA 
plasmid clones JW 101, 102, or 151 (ref. 21), respectively, as 
described in Fig. 2 legend. The cytoplasmic RNA from each 
hybrid line was separately hybridised to each ""P-labelled 
human probe in the presence of 3H-labelled mouse globin 
cDNA. In the data in Figs 2-4, the *H-mouse globin cDNA 


hybridisation values for all six hybrid cell RNAs were averaged 
(solid circles), and all points were normalised, as described in 
Fig. 2 legend. Thus, the plots of o, 8, and y human globin 
mRNA for each of the six hybrids can be compared to each 
other. 

As shown in Fig. 2, two hybrids contain small amounts of 
human a-globin mRNA: XIX-2 and XIX-10. Both these 
hybrids were positive for human APRT on enzyme analysis 
(Table 1). Five of the six hybrids positive for human LDH-A had 
clearly detectable human 8-globin mRNA (Fig. 3). XX-8, the 
hybrid with the highest concentration of human B-globin 
mRNA and a strong LDH-A band, had 35% as many human 
B-globin mRNA sequences as mouse globin mRNA sequences. 
There is a fairly close correlation between the amount of LDH- 
A in a given hybrid cell line (Table 1) and the amount of human 
B-globin mRNA present (Fig. 3, Table 2). 

None of the hybrids had detectable human y-globin mRNA 
sequences, even at 60 ug RNA input (Fig. 4). When the human 
y-globin cDNA probe was annealed to mRNA isolated from 
fetal cord blood in a simultaneous experiment, 72% of the y 
probe was incorporated into duplexes; a saturation plateau was 
achieved above an input of 5 ng of partially purified mRNA 
(data not shown). As expected, since the y- and B-globin genes 
are closely linked, DNA:cDNA hybridisation demonstrated 
approximately equal concentrations of y- and 8-globin gene 
sequences in the hybrid cell DNA (data not shown). Analysis of 
the RNA from the expanded but uninduced hybrid cell showed 
very low levels of mouse globin mRNA, no (or barely detect- 
able) human 8-globin mRNA, and no detectable human y- 
globin mRNA. 

Carboxymethylcellulose chromatography of the *H-leucine 
globin chains synthesised by the hybrids positive for human 
B-globin mRNA revealed a peak in the region of human B- 
globin. However, the calculated number of globin chains in the 
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Fig. 3 Hybridisation of hybrid cell RNA to ЗН-тоцѕе globin cDNA and 
32р human B-globin cDNA. Experimental conditions were as for Fig. 2 
except that human B-globin cDNA from the cDNA plasmid JW 102?! was 
used. Hybridisation of the 8-globin probe to globin mRNA obtained from 
adult human reticulocytes reached a plateau of 78.5%. All hybrid RNA 
points with 3?P.human В cDNA were divided by 0.785 to normalise them to 
a maximum of 100%. @, Average value for hybrid cell RNA with “H-mouse 
globin cDNA; open symbols are for hybrid cell RNA with ?2Р-һитап 
B-globin cDNA; 0, XX-8; A, XIX-7, V, XVIII-15; ©, XIX-2; ©, XVHI-5; 
O, XIX-10. 


human f-globin region did not correlate with the concentration 
of human @-globin mRNA molecules known to be present. 
Further analysis of the putative human B-globin is underway. 


Discussion 


In this study, we have shown that the globin genes of human 
fibroblasts can be activated in fibroblast x 28 MEL cell hybrids. 
The expression of fibroblast globin genes implies the presence in 
the induced 2S MEL hybrid cells of a positive regulatory factor 
of some type. While the adult human globin genes, a and B, were 
consistently activated when the human chromosomes bearing 
these genes were present in the hybrid clones (chromosome 16 
for a, chromosome 11 for 8), the human y-globin gene, which is 
closely linked with 8-globin, was not expressed at all. Thus, in 
these cells, there is a differential regulation within the y-8 globin 
gene locus. 

Several mechanisms might account for such differential gene 
regulation. First, a diffusable regulatory factor could act as a 
positive activator of the human 8- but not y-globin gene by 
binding to a controlling region adjacent to the globin gene 
structural sequences. Many examples of such regulatory factors 
in prokaryotes have been described". A single factor might be 
responsible for activating the human a, human £, and the mouse 
globin genes, or several different globin gene specific factors 
could be involved. 

A second possible mechanism which could account for 
differential globin gene activation in these hybrid cells would be 
the state of the parental cell's chromatin before and after fusion. 
Expression of a gene requires that its sequences be in an active 
conformation in nuclear chromatin. Exposure of nuclei to 
pancreatic DNase I results in selective digestion of active 
genes***°. Thus, in erythroid cells, the globin genes аге DNase 
I sensitive while in fibroblasts the globin genes are resistant. We 
assume that the human 8- and a-globin genes were resistant in 
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Table2 Haemoglobin inducibility of 25 MEL x HLN hybrids and parents 








Mouse 
Haemoglobin globin Human globin mRNA. 

Cell line inducible (96) mRNA a B y 
Parents 

28 MEL 60 +++ 0 0 0 
HLN 0 0 0 0 ü 
Hybrids 

ХУПІ-5 85 +++ 6 + 0 
ХУШ-15 40 +++ 0 ++ 0 
XIX-2 55 +++ ++ + 0 
XIX-7 85 +++ 0 ++ 0 
XIX-10 70 +++ + 0 9 
XX-8 95 +++ 0 +++ 0 
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Haemoglobin inducibility is the per cent of cells in the population which 
were benzidine positive after incubation for 5 days in 2% dimethylsulphoxide 
(DMSO). Actively growing floating cells were resuspended at à concentration of 
0.5-1x 10° cells/ml in F14 medium containing 10% fetal calf serum and 2% 
DMSO. After 5 days the cells were stained by the addition of one-tenth the volume 
of a fresh solution containing 0.2% (w/v) of benzidine dihydrochloride and 0.4%: 
(v/v) H203 іп 0.5 M acetic acid’. Mouse globin mRNA was measured by hybri- 
disation with ?H-cDNA made from unfractionated mouse reticulocyte mRNA; 
human a-, B-and y-globin mRNA were measured with pure probes obtained from 
recombinant cDNA plasmids (see Fig. 2 legend). The scale is: 0 = none detectable; 
+ > +++ = increasingly positive. 


the parental fibroblasts but were converted to the active con- 
formation in the hybrid clones. It is thought that non-histone 
proteins may be operative in initiating and propagating the 
active conformation of nucleosomes associated with expressed 
genes. If so, these ‘regulatory factors’ for mouse MEL cells 
would act on both mouse and human с - and -globin genes, but 
possibly not on the human y-globin gene. Since adult human 
fibroblasts were used in this study, it is possible that, if chromatin 
structure of the parental cells is important, a fusion of 25 MEL 
cells with fetal fibroblasts would result in expression of human 
y-globin mRNA. To test this hypothesis, hybrids were formed 
between 2S MEL and fetal amniotic cells and are now being 
analysed for B- and y-globin mRNA synthesis. 

Another possible mechanism of differential gene expression is 
selective processing of globin gene transcripts. In our present 
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Fig. 4 Hybridisation of hybrid cell RNA to 5H-mouse globin cDNA and 

P-human y-globin cDNA. Experimental conditions were as for Fig. 2, 

except that human -y-globin cDNA from the cDNA plasmid JW 151°? was 

used. Hybridisation of the y-globin probe to globin mRNA obtained from 

cord blood red cells reached a plateau of 72%. @, Average value for hybrid 

cell RNA with ^H-mouse globin cDNA; С, hybrid cell RNA with P- 
human y-globin cDNA (all six were negative). 
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study, the hybrid cell nuclei were used for DNA extraction, and 
the RNA was isolated from the cytoplasm only. It is possible that 
human y-globin gene sequences were present in the nuclei, but 
were selectively degraded or were not processed in such a way 
that they could reach the cytoplasm. Thus, specific and selective 
MEL processing enzymes could have been involved. Extraction 
and analysis of nuclear RNA should detect all but rapidly 
degraded y-globin gene sequences. 

Whether the factor(s) that controls globin gene expression 
acts by binding directly to a controlling region of a globin gene 
‘operon’, at the level of chromatin structure, by influencing 
processing of the primary globin gene transcript, or by 
some other mechanism, there is no factor in the induced MEL 
hybrid cell that results in expression of the human y-globin 
gene. 

If a diffusable positive regulatory factor(s) does exist in 
induced MEL cells, it should be possible to isolate and charac- 
terise it. The recent availability of cloned globin genes from 
genomic DNA obtained by recombinant DNA technology*’* 
should allow cell-free systems to be developed to test the 
mechanism of action of these factors. As a preliminary to 
cell-free studies, we are attempting to isolate such putative 
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Escherichia coli mutants accumulating 


the precursor of a 


secreted protein in the cytoplasm 
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The maltose binding protein of Escherichia coli is secreted 
into the external periplasmic compartment of the cell. This 
article describes a selection procedure for the isolation of 
mutants which fail to export this protein. These mutants 
probably result from alterations in the amino terminal 
‘signal sequence’, causing the maltose binding protein 
produced to accumulate in the cytoplasm in its precursor 
form. 





SECRETED proteins in both bacterial and eukaryotic cells are 
initially synthesised as longer precursors with so-called ‘signal 
sequences’ at their amino termini, which are subsequently 
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excised" ^. This signal sequence is thought to be responsible for 
initiating passage of the polypeptide through the membrane 
while it is still a nascent chain attached to the ribosome. The 
study of protein secretion in bacteria provides the obvious 
advantages of an easily-manipulated genetic system. We 
describe here the isolation of mutants of Escherichia coli in 
which the maltose binding protein (MBP), which is normally 
secreted across the cytoplasmic membrane into the periplasmic 
space, accumulates in the cytoplasm in its precursor form. This is 
most probably a result of alterations in the signal sequence. The 
MBP is a key component of the maltose transport system of this 
organism. It is a 38,000 molecular weight protein’ which is 
synthesised on ribosomes attached to the cytoplasmic side of the 
cytoplasmic membrane’. As predicted by the signal hypothesis, 
MBP is initially synthesised with an amino-terminal extension 
some 20 to 30 amino acids long’. 
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Fusions of malE and lacZ genes 


To isolate mutants in the MBP (malE gene), we used the gene 
fusion technique of Casadaban*®"' to isolate strains in which the 
lacZ gene encoding the normally cytoplasmic enzyme B-galac- 
tosidase is fused to the malE gene. The product of such a fusion 
is often a hybrid protein in which the amino terminus of 8- 
galactosidase has been replaced with an amino-terminal MBP 
sequence but which retains B-galactosidase enzyme activity. 
The signal hypothesis predicts that such a hybrid protein would 
be exported to the periplasm if it includes an intact MBP signal 
sequence. As described below, the properties of such fusion 
strains permit a direct selection for signal sequence mutants. 

Strain PB72-47 is a malE-lacZ fusion strain which 
synthesises a very large hybrid protein (molecular weight 
131,000) including a major amino-terminal portion of the MBP 
(Fig. 1). This strain does not, however, export the hybrid protein 
to the periplasm. Instead, it is localised to the cytoplasmic 
membrane (Table 1), suggesting that the export process may at 
least have been initiated. The strain also exhibits a rather 
unusual phenotype. When it is induced for the synthesis of the 
hybrid protein by the addition of maltose to the growth medium, 
cell division is inhibited concomitantly with the appearance of 
B-galactosidase activity. The cells at this point elongate to 
several times their normal length. Eventually, 3 to 4h after 
induction, the cells begin to lyse. This ‘maltose-sensitive’ 
phenotype is a direct consequence of the synthesis of the hybrid 
protein. Mutations which eliminate the synthesis of hybrid 
protein (such as chain-terminating nonsense mutations in the 
hybrid gene) restore normal growth. The maltose-sensitive 
phenotype of strain PB72-47 apparently results from the cell’s 
abortive attempt to export the hybrid proteins. For some reason, 
the cell’s export apparatus cannot accommodate these unusually 
large polypeptides, and they remain literally ‘stuck’ in the 
cytoplasmic membrane. This has adverse consequences for the 


! cell, since the failure to export these hybrid proteins also inter- 


feres with the transport of other exported proteins, which 
accumulate within the cell in their precursor forms’. 
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Fig. 1 The malE gene is one of five genes whose products are 
components of the maltose transport system. These are organised 
into two operons orientated in opposite directions and which 
diverge from the promotor region designated here as *Pmal'!5. 
Maltose is the inducer for both operons. A deletion map of the 
malEFG operon has been constructed. The malE gene has been 
divided into 13 segments, so identified on the basis of recom- 
bination of deletions with insertions of phage Mu DNA at different 
points along its length (indicated here by numbers). Using these 
same Mu insertions, the approximate portion of the malE gene 
included in the hybrid gene in the malE-lacZ fusion strains 
PB63-37 and PB72-47 has been established. The end point within 
the lacZ gene for both fusions is genetically identical. The genetic 
data agrees with the molecular weights determined for the hybrid 
proteins encoded by these two fusion strains. Thus, the molecular 
weight differences discerned between different malE-lacZ hybrid 
proteins reflect differences in the contribution of the MBP to the 
hybrid product. Details on the construction of the deletion map, 
the isolation of the malE-lacZ fusion strains, and a complete 
description of the maltose-sensitive phenotype will be presented 


elsewhere!* 
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Table 1 Localisation of 8-galactosidase activity in strain РВ72-47 and represen- 
tative Mal? Lac* derivatives” 
B-galactesidase activity? 
B-galactosidase (76) Response 
(Units per mg —— emee to 
Soluble 











Strain proteint) Sonicate Insoluble maltose 
PB72-47 960 100 23 74 Sensitive 
PB72-47-R1 1,483 100 71 25 Resistant 
PB72-47-R2 1,275 100 65 33 Resistant 


Nb DMID M E 

* Mal? Lac* mutants were obtained by screening for strains that could form 
large, blue colonies on maltose minimal agar plates containing the indicator dye 
5-bromo-4-chloro-B-D-galactoside. 

+ АЙ strains were grown to mid-log phase in glycerol minimal medium at 30 C 
and induced by the addition of 0.2% maltose for the final 180 min of culture. One 
unit of 8-galactosidase activity is that amount of enzyme that will hydrolyse In mol 
of o-nitrophenylgalactoside per min. Note that the original fusion strains them- 
selves are Mal ^ due to the inactivation of the malE gene. To permit induction by 
maltose, the hybrid genes were transferred on г A transducing phage (see Fig. 3) 
into a mal” genetic background. 

+ Cells were disrupted by sonication! ! . Enzyme activities were normalised with 
the activity present in the sonicate after the removal of remaining whole cells and 
are expressed as a percentage of such. Soluble and insoluble refer to the super- 
natant and pellet, respectively, after centrifugation at 100,000 g for 1 h. 

8In a separate experiment, the cytoplasmic and outer membranes were 
separated according to the method of Osborn ef al. V? , >90% of the membrane- 
associated enzyme activity fractionated with the cytoplasmic membrane. 


Selection for export-defective mutants 


If the attempt by the cell to export these hybrid proteins is 
responsible for the maltose-sensitive phenotype, then mutants 
resistant to maltose should include ones defective in export. 
Spontaneous mutant derivatives of strain PB72-47 were selec- 
ted which continue to synthesise the hybrid protein but which 
are maltose-resistant (Mal®). Since the most frequent cause of 
the Mal? phenotype are mutations eliminating synthesis of the 
hybrid protein (Mal? Lac”), only those derivatives which were 
Mal? Lac* were analysed. It was reasoned that such Mal" Lac* 
mutants would no longer attempt to export the protein but, 
rather, the protein would remain in the cytoplasm. This was so 
for all ће Mal? Lac’ strains which we obtained (Table 1). The 
hybrid protein synthesised by several of these Mal? Lac* strains 
seems identical in size to the hybrid protein produced by the 
parental strain (Fig. 2). However, since these proteins for the 
most part are no longer membrane-associated, they are 
apparently subject to proteolytic degradation, most probably at 
their amino-terminal end, as indicated by the appearance of a 
second maltose-inducible band. This second band has an 
apparent molecular weight nearly identical to the monomer 
subunit of -galactosidase (116,006). Such degradation has 
been observed with other hybrid pro:eins containing a B-galac- 
tosidase moiety'*™*. 

In strain PB72-47, the amino-terminal extension provided by 
the MBP moiety of the hybrid protein presumably directs the 
hybrid protein into the cytoplasmic membrane. One possible 
explanation for the failure of these Mal* strains to attempt to 
export the hybrid protein is that the protein produced by these 
strains has an altered amino-terminal signal sequence which the 
cell's export apparatus cannot recognise. If this is so, then the 
mutation responsible for the Mal* phenotype must be genetic- 
ally tightly linked to the hybrid gene. Since the malE-lacZ 
fusion is carried by a Ap (plaque-forming) transducing phage, 
linkage information was obtained simply by isolating the À 
phage from each Mal? Lac" fusion strain and subsequently using 
it to lysogenise the mal* Alac strain MC4100. If the resultant 
lysogen is Mal* Lac*, the mutation must have been cotrans- 
duced with the hybrid gene. This proved to be so for all of a 
number of independently-isolated Mal* Lac* strains. 


Incorporation of signal sequence 

mutations into the malE gene 

If the hybrid proteins synthesised by these Ма!“ Lac” strains 
have an altered signal sequence, the mutations responsible must 


be located early in the malE portion of the hybrid gene. We 
determined the effect of these mutations on the localisation of 
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Fig. 2 SDS-polyacrylamide gel electrophoresis of whole cell 
extracts of malE-lacZ fusion strains. Whole cell extracts were 
prepared and electrophoresis was performed as described else- 
where", Only the relevant upper one-third portion of the gel is 
shown. A, Purified E. coli B-galactosidase, 2.5 ug; b, strain PB72- 
47, uninduced; c, strain PB72-47, induced; d, strain PB72-47-R1, 
uninduced; e, strain PB72-47-R1, induced; f, strain PB72-47-R2, 
uninduced; g, strain PB72-47-R2, induced. The hybrid proteins 
are easily identified as maltose-inducible proteins of high molecu- 
lar weight (arrows). In addition, Mal® derivatives exhibit a second 
maltose-inducible band of molecular weight nearly identical to 
native E. coli B-galactosidase (arrows, see text). 


the wild-type malE product, the MBP. As described in Fig. 3, 
these mutations could be recombined onto the wild-type malE 
gene. The resultant recombinants had a Mal” phenotype when 
scored on maltose tetrazolium agar, indicating that their ability 
to utilise maltose as a carbon source had been impaired. 
However, it was found that these strains would grow slowly on 
maltose minimal medium. Two of these strains (PB1101 and 
PB1102), derived from independently-isolated Mal® Lac* 
fusion strains, were characterised further. The mutant alleles 
were designated malE101 and malE102, respectively. 

To confirm that the correct mutations had been incorporated 
into the malE gene by this construction, strains PB1101 and 
PB1102 were lysogenised by the Lpp transducing phage carry- 
ing the original malE-lacZ fusion present in strain PB72-47. 
The lysogen obtained was maltose-sensitive, but Mal? Lac* 
derivatives were obtained at a very high frequency, a result of 
the reciprocal recombination event described in Fig. 3. In a 
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Fig.3 Recombination of the malE101 mutation onto a wild-type 
malE gene. a, the Ap transducing phage that carries the malE-lacZ 
hybrid gene from strain PB72-47-R1. The mutation malE101 is 
indicated by an x. (5) A portion of the chromosome of the mal" 
strain MC4100 which includes a wild-type malE gene. The Ap 
transducing phage is Дал and strain MC4100 is Alac. Thus, 
lysogenisation can most efficiently be achieved by recombination 
between their homologous mal DNA regions. Integration of the 
phage DNA as drawn results іп a lysogen (c) in which the malE101 
mutation has been crossed onto an intact malE gene. Curing of the 
phage DNA by the slightly different homologous crossover 
indicated by the arrows (d) leaves the malE101 mutation behind in 
the chromosome (e), yielding strain PB1101. Strain PB1102 was 
constructed in an identical manner. 
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similar manner, it was found that the malE101 and malE102 
mutations could be incorporated by recombination into the 
hybrid gene of the maltose-sensitive fusion strain PB62-37 
(again, resulting in a Mal? Lac* phenotype). Since only a small 
promotor-proximal portion of the malE gene is present in this 
fusion (Fig. 1), this indicates that the malE101 and malE102 
mutations must, indeed, be located early in the malE gene. 
More precise mapping was complicated by the fact that strains 
PB1101 and PB1102 can still utilise maltose as a carbon source. 


Identification of a mutant MBP precursor 


As it appeared that there might be a defect in the export of the 
MBP in the mutant strains, cell extracts of strains PB1101 and 
PB1102 were examined for the form and location of the mutant 
proteins. Whole cell extracts were prepared from cultures that 
had been grown on glycerol (uninduced) or maltose (induced) 
and examined on SDS-polyacrylamide gels (Fig. 4). The 
maltose-inducible band corresponding to wild-type MBP is not 
present with either strain. However, a new maltose-inducible 
band is discerned which migrates with a molecular weight some 
two to three thousand larger than native MBP. This protein is 
very similar in size to that reported for the MBP precursor made 
in vitro”. 


— pre MBP 
— MBP 





Fig. 4 SDS-polyacrylamide gel electrophoresis of whole cell 
extracts of malE mutant strains. Whole cell extracts were prepared 
and electrophoresis was performed as described elsewhere??, 
except that the acrylamide concentration here is 10%. a, Strain 
MC4100, uninduced; 4, strain MC4100, induced; c, strain 
PB1101, uninduced; d, strain PB1101, induced; e, strain PB1102, 
uninduced; f, strain PB1102, induced; g, purified E. coli native 
MBP, 2.0 ng. The position of native MBP in the та!” strain 
MC4100 and the position of the presumed MBP precursor 
(preMBP) in the two mutant strains are indicated. Everything 
shown in the figure is from the same slab gel. 


The simplest explanation for these results is that strains 
PB1101 and PB1102 produce a MBP with an altered amino- 
terminal signal sequence. This sequence is not recognised by the 
cell's export apparatus and the protein accumulates in the 
cytoplasm in its larger (unprocessed) form. Different cell frac- 
tions of strains PB1101 and PB1102 were prepared and run on 
SDS gels, in order to determine the cellular location of this new 
maltose-inducible protein. A maltose-inducible protein which is 
larger than native MBP is observed in soluble extracts from both 
strains. This protein is somewhat smaller than the presumed 
precursor observed in whole cells and is believed to correspond 
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to a breakdown product of the precursor. Only minute amounts 
of this protein are released by the cell by a cold osmotic shock 
procedure which is used to operationally define periplasmic 
proteins in Gram-negative Басќегіа!°. Therefore, this protein 
must be primarily located in the cytoplasm. 

In order to verify that the presumed precursors observed in 
the mutant strains are, indeed, related to the MBP, antiserum 
prepared against native E. coli MBP was used to immune 
precipitate the soluble extract from a maltose-grown culture of 
strain PB1101 labelled with '*C-amino acids (Fig. 5). The new 
maltose-inducible protein observed by gel electrophoresis of the 
soluble extract of strain PB1101 was specifically precipitated by 
this antiserum. In addition, several minor proteins in the same 
molecular weight range were precipitated from the mutant 
extract. Since none of these proteins was precipitated when the 
antiserum was pre-incubated with purified, unlabelled MBP, it 
was concluded that all of the proteins precipitated were anti- 
genically related to MBP. One of the minor proteins so pre- 
cipitated ran on the gel with an apparent molecular weight 
identical to native MBP. This may represent a small amount of 
MBP that was exported to the periplasm in the mutant strain and 
correctly processed, allowing strain PB1101 to utilise maltose as 
a carbon source, albeit inefficiently. Additionally, a minor pro- 
tein so precipitated from the mutant strain ran with the same 
apparent molecular weight as the presumed precursor observed 
in whole cells (see Fig. 4). We conclude that this protein is the 





Fig. § Immune precipitation of MBP from soluble extracts of 
strains MC4100 and PB1101. 500 ml cultures were grown in 
maltose minimal medium to mid-log phase and labelled with 
"C.amino acids (50 Ci, NEN) in a 50 ml volume for the final 
60 min of culture. Cells were washed twice and resuspended in 5 ml 
of buffer (10 mM Tris, pH 7.2). Cells were then disrupted in a 
French pressure cell and twice clarified by centrifugation at 
100,000 g for 1h. 0.2 ml of the soluble cell extract, 0.1 ml 
[3 M NaCl, 3% Triton Х-100, 10 Mm Tris pH 7.2] and 3 ш of 
rabbit anti-MBP serum (provided by W. Boos) were combined and 
incubated on ice for 3 h. 30 pl of sheep anti-rabbit IgG (Miles) 
were added, and the entire mixture was incubated overnight at 
4? C. The precipitate obtained was washed three times with 10 mM 
Tris, pH 8.0 (ist wash, 1% Triton X-100; 2nd wash, 0.1 M LiCl; 
3rd wash, 0.196 SDS). The final pellet was resuspended in 0.1 ml 
gel sample buffer, heated at 90 °C for 2 min, and 50 ul were loaded 
per well for electrophoresis. Finally, the gel was stained with 
Coomassie blue, dried and autoradiographed. a, And b, strain 
MC4100; c, and d, strain PB1101; 5, and d, anti-MBP serum was 
pre-incubated for 30 min on ice with 10 yg of unlabelled native E. 
coli MBP. The three lines along the left side of the gel indicate the 
corresponding positions where the following three proteins are 
Observed to run: (1), The MBP precursor observed in whole cells of 
strains PB1101 and PB1102. (2), The maltose-inducible protein 
Observed in soluble cell extracts of strains PB1101 and PB1102. 
And (3), purified native E. coli MBP. 
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MBP precursor, and that it is fairl; stable in whole cells. 
However, when the cells are disrupted under non-denaturing 
conditions, this protein is subjected to some proteolytic 
degradation, and very little remains intact even though all 
manipulations are performed at 4°C. P-esumably, the enzyme(s) 
responsible for this proteolytic degradation are located in the 
periplasm or outer membrane where they are not accessible to 
the mutant MBP precursor until the cells are broken. However, 
these do not necessarily have any rela-ionship to the enzyme(s) 
responsible for processing normal exported proteins to their 
mature sizes. 


Reversion analysis 


For both strains PB1101 and PB1102, we obtained mal” rever- 
tants by growing these strains in maltose minimal liquid medium 
through many generations. Since al revertants had a 
considerable selective advantage in such conditions, with time 
they accumulated to form the majority class of the population. 
Several independently-isolated revertants from both strains 
were characterised. In all cases, these appeared to be 'true' 
revertants, in that the MBP synthesised by these strains is made 
in normal amounts and found in the periplasm in its native form. 
That strains PB1101 and PB1102 spontaneously revert to wild- 
type mal" indicates that the mutations malE101 and malE102 
result in single amino acid substitutions in the MBP polypeptide. 


Discussion 


Complete or partial amino acid sequences for the amino- 
terminal extension of a number of exported proteins have been 
reported (summarised by Habener er al.'^). Most of these are 
from eukaryotes. All these sequences contain a central region of 
some 10 to 12 non-polar and hydrophobic amino acid residues, 
although it is a different sequence in each case. There is no other 
feature common to these primary structures which readily 
identifies itself as being key to its recognition as a signal initiating 
protein export. We have now isolated =. coli strains which fail to 
secrete the MBP, most probably resulting from mutational 
alterations in the signal sequence region of this protein. We are 
now determining the precise nature of ће alterations, in order to 
define that feature of the signal sequence which is essential for 
initiating export. Confirmation of the location of the mutations 
in the portion of the malE gene corresponding to the signal 
sequence would provide direct evidenze for its role in the initial 
steps of protein secretion. 

Fusion strains have also been used tc isolate mutants defective 
in the localisation of the /amB gere product, the phage A 
receptor'^. These mutations most pro>ably result in alterations 
in the signal sequence of this protein waich is normally located in 
the outer membrane of E. сой. 

We thank R. MacGillivray and A. McIntosh for technical 
assistance. This work was supported by NSF grant PCM76- 
21955, to J.B.. P.B. is a post postdoctoral fellow of The Helen 
Hay Whitney Foundation. 
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The discrete source 
component of galactic y rays 


THE question of the relative contributions from discrete sources 
and continuum to the flux of cosmic y rays is a continuing one, 
with published estimates varying from a 10% source contribu- 
tion’ to more than 4096? and even to a possible 10095?. Since 
these estimates have mainly been based on parts of the neces- 
sarily incomplete set of only 13 known y-ray sources’, it is not 
surprising that such a wide variety of conclusions is possible. The 
basic reason is the limited angular resolution of contemporary 


y-ray detectors (~1.5°), and it is unlikely that great improve- . 


ments will be made in the near future. 

A knowledge of the individual sources of y rays (and their 
summed intensity contribution! is relevant to energetic proces- 
ses in discrete objects, but our own prime interest relates to the 
fact that useful conclusions about the origin of the particle 
component of cosmic radiation can be obtained by an analysis of 
the continuum. The derivation of the magnitude of the 
continuum after both seen and unseen discrete source contribu- 
tions have been subtracted off is, therefore, an important task. 

Some general guidance might be expected from an analysis of 
related regions of the electromagnetic spectrum. In X rays, 
where detectors of high angular resolution are used, the 
continuum contribution appears to be very small (probably 
25%); however, that the observed y rays аге not the high 
energy 'tails' of the X-ray sources is immediately clear from the 
general lack of correlation of specific y-ray and X-ray sources, 

A comparison with the radio region is probably more rele- 
vant. Potential candidates for producing the continuum y rays 
are electrons of energy of the order of 1 GeV interacting with 
the interstellar medium by way of bremsstrahlung and protons 
of energy 1-10 GeV interacting with the same medium and 
producing z^ mesons which in turn decay to y rays. The 
relevance of the radio region is that it is generally accepted that 
the bulk of the radio flux (in the range 10-1,000 MHz) is 
produced as synchrotron radiation from electrons spiralling in 
the galactic magnetic field. One GeV electrons produce radia- 
tion with frequency 150 MHz and Brindle et а1° have presented 
evidence which shows that the continuum radiation provides at 
least 95% of the flux. Thus, such indirect evidence as there is 
suggests a predominance of the continuum contribution. 

It is apparent from an examination of the longitude dis- 
tribution of the total y-ray flux that sources distributed in a 
similar fashion to main sequence stars are not responsible for 
much of the flux. The expected large peak towards the galactic 
centre is absent. Furthermore, the latitude distribution of y rays 
is much sharper than that of starlight. Instead, it is likely that the 
sources have a similar spatial distribution to that of young 
objects (such as, HII regions), evolved objects (pulsars, super- 
nova remnant) or X-ray sources (the fact that there is not a 
one-to-one correspondence with known X-ray sources does not 
preclude this). 

We aim here to derive more reliable estimates of the discrete 
source contribution using both a simple geometrical model and 
properties of X-ray sources and pulsars as a guide. Since these 
different approaches lead to very similar results there is some 
justification for confidence in their validity. 


0028-08 36/79/0277—-0542$0 1.00 


We consider separately the contributions from two possible 
types of source population: (1) sources with high intrinsic 
luminosity and low space density (HP sources) and, (2) sources 
with low intrinsic luminosity and high space density (LP 
sources). 

In the simplest version of the model the sources are dis- 
tributed uniformly throughout a slab of half thickness zy. The 
differential source count frequency from HP sources will then be 
N(S)oc S^? for distances r much greater than zo and the sources 
will be closely confined to the galactic plane, while LP sources 
are numerous enough to give a large number nearer than ~ zo, 
these nearby sources being isotropically distributed on the sky. 
This differentiation of source populations shows very clearly the 
dependence of the derived limits on the space density of the 
sources. The use of this double 6-function luminosity function is 
adequate provided we restrict attention to low latitudes where 
geometry should influence N(S) more than the luminosity 
function. 

The sources observed by COS B are concentrated within a few 
degrees of the galactic plane and are therefore of the HP 
population. For such a population S, < 1/N on average, where 
Sy is the observed intensity of the N'th brightest source. Using 
the observed intensities of the No», brightest sources we can 
estimate the total intensity of the whole population as 

s td 1 Ne 1 M 

e m - bu i 

where Мы, = (7/71)? is the total number of sources within the 

distance to the boundary at r = rọ and 7, is the distance to the 

nearest source. Equation (1) is intended to minimise the statis- 

tical error on the estimate of J; by making use of the summed 

flux from known sources explicitly. (As written it applies simply 

to a small range of longitudes over which ro can be regarded as 
constant.) 

We apply this result to three COS B observation regions 
1 = 305°-335°, 60°-90° and 1107-140? for which a systematic 
search for sources has been made? and Non = 8. The anticentre 
region has been excuded since two-dimensional geometry is 
probably inappropriate there. Equation (1) then becomes 


Jy = Js x 0.37(0.62 + 2 In(ro/ ri) (2) 


From ref. 4,  J4-53.8xCrab flux 1.310 ^ cm? s^! 
(2100 MeV) (using the measured Crab flux of 3.5x 
1075cm^?s^!) The main uncertainty is the value of rj/7ri, 
although this is not critical because of the logarithmic depen- 
dence in equation (2). Since the bright observed sources have 
latitudes |b|  0—3*, the magnitude of ғ is in the range 1-2 kpc if 
the thickness 22, of the galactic source layer is about 200 pc. (а 
value typical of young objects). The value of rs lies in the range 
10-20 Крс for the regions considered, so that Jy; = (1.4-2.4)J, = 
(1.8-3.1)10 ^ cm ^ s^' and the average line flux is (0.9— 
1.5)10 5cm s~" rad (2100 MeV). The average observed 
total line flux for these regions is 3.8 x 10? cm ^ s^' rad"! (for 
|b| « 6°) so the analysis indicates that between 24% and 40% is 
from sources. 

Source density gradients in the Galaxy may make the use of a 
uniform two-dimensional geometry inappropriate for the / = 
305-335? region because one is here looking in a direction not 
far from that of the galactic centre; however, for the regions 
1=60°-90° and 110°-140°, where the gradient is probably 
small, the average line-Aux is 2.8 10 ^ em ^ s^! rad! (lb|] « 6°) 
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Table 1 Alternative estimates of the fraction, f, of y rays above 
100 MeV from discrete sources 





Longitude 
intervals Is 10° 
(y-ray em ^s 'rad7! 

Model observations) М Ју (2100 Меу) f 
Flat slab 1,2, 4 8 1.4-2.4 0.9-1.5 0.24-0.40 

1,2 8 1.4-1.9 0.9-1.2 0.32-0.42 
X-ray 
sources 1,2, 3,4 12 1.1 0.9 0.19 
Pulsars 1.2, 3,4 12 1.05 0.9 0.18 


tt a e tit art — Qn Me 


Longitude key: 1, 60°-90°; 2, 110°-140°; 3, 160°-210°; 4, 305°-335°. 


and г, = 10 kpe. Hence J4 = (1.4-1.9)J, and the discrete source 
fraction is 32-4296. 

A second approach to the HP component follows ref. 3 in 
assuming that the form of the observed brightness distribution 
N(S) for X rays is similar to that for y rays. Since the known 
sources do not have a constant ratio of y-ray to X-ray flux, as 
remarked earlier, we postulate that while y-ray sources are 
different objects from X-ray sources, their spatial distribution, 
luminosity function and total number are approximately the 
same as for X-ray sources. Since both populations have their 
brightest sources confined to within a few degrees of the plane a 
similar spatial distribution at least seems probable. In applying 
this method we again confine attention to the COS-B obser- 
vation regions which have been systematically searched for 
y-ray sources (the anticentre region can now be included since 
no particular geometry is assumed). The 72 4U sources’ in these 
four areas are found to have a value of J4/Jy for X-rays which is 
smaller than for a simple slab model (a consequence of the 
flattening of the X-ray NC» S)to 5 794 below 200 Uhuru counts). 
This method gives a slightly lower value for f than the slab model 
(Table 1). It is interesting to note that if the. N(>S) versus S 
distributions for X-ray and y-ray sources are normalised at the $ 
intensities for the Crab, then the value of f is virtually the same 
as found using the method described above. 

Although the particular assumptions made in the N(S) 
method are unlikely to be completely justified the comparison of 
this result with that from the slab model does indicate that the 
sensitivity of the estimates to the type of (HP) source population 
involved is small enough to make the exercise worthwhile. 

Another useful deduction from the X-ray data can be made as 
follows. A prominent fea.ure of the X-ray sources is that there is 
a much bigger intensity in the general direction of the Galactic 
Centre than elsewhere. Restricting attention to X rays (and y 
rays) within a latitude range of |b| 10? the ratio of total X-ray 
intensity in the inner Galaxy to that in the outer is 14(270? « | < 
909?)/ I(270? > | > 90°) = 9.4. This ratio can be compared with 
that for y rays above 100 MeV of 2.2. (If the contributions from 
the Crab (which dominates in the X-ray case) are taken out the 
ratio is as high as 34 for X rays and only 2.4 for y rays.) An upper 
limit can be set as the fraction of the flux of y rays in the outer 
direction coming from discrete sources by assuming that the 
whole of the flux from the inner direction is from such sources. 
Adopting a ratio of 9.4, which is itself a lower limit, we find 
f=0.25, that is, in the range 270? > [> 90? no more than 25% of 
the y-ray intensity is produced by X-ray sources or sources 
distributed in the Galaxy in a similar fashion to X-ray sources. 

For the third estimate of the HP contribution, we have taken 
the radio fluxes from the Arecibo deep pulsar survey?, covering 
|b| « 4°, 43* « 1« 58°. This was chosen for its completeness to 
low radio fluxes, although the region covered is much more 
restricted than the COS-B observation areas. A similar result to 
that for X rays is obtained (Table 1). Comparison can be made 
with our earlier estimate! for pulsars ( f = 0.05-0.10). The fact 
that the new value is a factor of 2 higher is not surprising since 
the new result refers to sources in general with an observed 
intensity distribution similar to that of pulsars whereas the 
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earlier value related to pulsars alone (with а model іп which the 
y-ray luminosity was proportional to the radio luminosity}. 
Turning to the LP sources, we estimate the minimum density 
of such sources which would be required to produce a fraction f 
of the galactic plane emission without being visible as discrete 
sources above the current COS B threshold of Spi, «0.2 x Crab 
flux. A uniform slab model with thickness 22, and radial extent 
ro gives a minimum source density 
3 3 
| (2) (3) 


= | 1 de jow : = 

R 2zo Sus [1+1n (boro/zo)]) \3 

where 0 is the solid angle of the area of sky considered and joss is 

the observed total line-flux. Using za= 0.1 kpe, bp = 10°, ro 

10 kpc, О = 1 sr for the COS В regions / = 60°-90°, 110-140 
and 305°-335° gives 





p=10°f? kpe? 


or a total number of LP sources in the Galaxy of the order of 
107f*. For / = 1 this is about three orders of magnitude lower 
than that of main sequence stars, but two orders of magnitude 
higher than that of likely sources such as pulsars” and a possible 
population of weak X-ray sources'? (up to 10^ sources with 
X-ray luminosity 10?? erg s '). Alternatively, we can state that a 
maximum of about 1007'”°, that is, 20%, of the galactic emission 
could originate in sources of this latter density. 

In conclusion, Table 1 shows that the most likely value of f 
is == 0.25 although it could be as high as 0.4 (and not inconsistent 
with the estimate of Bignami et 212). Such a value would not 
invalidate the interpretation of y-ray data in terms of a gradient 
of cosmic rays in the Galaxy, at least inthe outer Galaxy". A final 
remark is that the so-called discrete sources of y-rays will 
include complexes of molecular clouds which provide target 
nuclei for cosmic rays; a derivation cf their contribution must 
await more comprehensive surveys of such cloud complexes. 
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Creation of magnetic 
monopoles in pulsars 


THE symmetry of the free Maxwell equations under trans- 
formation of electric field into magnetic field led Dirac’ to 
suggest the existence of magnetic monopoles. Many experi- 
mental searches for these particles have been made on different 
accelerators and using cosmic ray interactions; no magnetic 


. monopoles having been detected, upper limits of the cross 


sections for the creation of monopoles have been obtained. The 
data of Ross et al.” are the best and can be fitted by: 


Oy € 5x 1077 m; (1) 


where Opn is the proton-nucieon cross-sections in cm’, and Mg 
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the monopole mass in GeV c 7. It is believed** that very 
energetic particles are created in pulsars. These particles can 
interact between themselves and/or be smashed onto the neu- 
tron star surface to produce pairs of magnetic monopoles and 
antimonopoles. These monopoles (if they exist or are effectively 
produced) would be accelerated in the pulsar magnetic field, one 
species towards the interstellar medium, the other towards the 
neutron star, producing a decrease in the magnetic field. Such a 
phenomenon can be related to observations, particularly to the 
discrepancy between the characteristic and the kinematical ages. 
We show here that these observations can be explained by a 
production of magnetic monopoles, inherent to the pulsars, with 
a cross-section lower than equation (1), (that is, without 
contraction with the negative results of the terrestrial searches). 
More specifically, we will consider the magnetic monopoles 
production on the neutron star surface, in the Ruderman and 
Sutherland model*. Other models (with and without gaps) will 
be considered elsewhere. 

Ruderman and Sutherland’ argue that the creation of polar 
gaps should take place in pulsars. These polar gaps would be 
broken by electron pair creation and the subsequent avalanche 
development, with the potential across the gap 


V-1.6x10" BRIT pe!” (2) 


where p = 10°p¢ is the curvature of the magnetic field lines at the 
neutron star surface in cm. The creation of magnetic monopoles 
is then possible due to the electrons accelerated by the potential 
of equation (2) across the gap and which crash on the neutron 
star crust. 

The energy threshold E.m for creation of monopoles with the 
mass m, on the crust nucleons of mass m, is 


Eon 2mm; (3) 


With the energy eV given by equation (2), the electrons have 
enough energy to create monopoles with m, 30 GeV c ?. 
Inside the neutron star crust, the electrons lose their energy due 
to bremsstrahlung and the number of nucleons seen by the 
electrons before they are slowed down below the threshold 
energy for monopole creation is 


к.= BXy 8.41074 B nucleons cem? (4) 


where X, is the radiation length and 8 = log (eV/ Ean) = 1 prac- 
tically independent upon the pulsar properties. The flux of the 
magnetic monopoles pairs produced in one polar gap is 


Ja = KeTI2NCO en 76.3 X 107^ B RÈT ° o.n monopoless! (5) 


where Fen is the cross-section for the monopole creation in the 
electron-nucleon interactions. The radius of polar gap r, and the 
density of created e*e" pairs, n, are given іп ref. 4. 

Kalman and Ter Haar? pointed out that the magnetic mono- 
poles are accelerated by the pulsar magnetic field up to 10'* eV 
and interacting with neutron star crust should produce a cascade 
of 'secondary' monopoles. They estimate the number of secon- 
dary monopoles produced by a primary monopole to be 


№ «6x10! Bi pi^ n, "m, (6) 


where n, is the magnetic monopole charge in units of 137 e. Half 
of the monopoles which could be produced in this model are 
accelerated towards the neutron star surface and with the 
multiplicity this gives a decrease in the pulsar magnetic field at a 
rate 


dB j,N* 137 n,e 


dt 4 R? 


It is commonly assumed that the slowing down of the pulsar 
results from the loss of rotational energy by magnetic dipole 
radiation. This allows us to estimate the neutron star magnetic 
field as a function of the period T and of its derivative T 


B=8.3x108NZRS(TT)? G (8) 


where / = 10** J,, is the moment of inertia of the neutron star in 
gem’ and R = 10°Rgis its radius in cm. Equation (7) can then be 





(7) 
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integrated and the magnetic field expressed as a function of the 


period T: 
B(T)- ві 1-2 log (=) fe (9) 


Dori 





with 


5 7/4 
ReBit m, 2 
туусу com 


e" ~46 
Fern = 6X10 1/3 574 
Тыр n g 


where T; and B; are the period and the magnetic field at the 
creation of the gap ( = the creation of the pulsar). 

There are observations to test this decrease in the magnetic 
field. First, it implies that the characteristic ages т = 7/27 are 
not true indicators of the real ages but must be greater. Actually 
there is a discrepancy between the kinematical ages 7, (obtained 
from the direct measurements of the proper motion and the 
distance from the galactic plane of the pulsars) and the charac- 
teristic ages, which seem greater’. For those pulsars whose 
proper motion was measured, the mean kinematical age is 
(т) = 1.3 x 105 yr while the mean characteristic age is (т) = 
5X 10^ yr, and if the same mean velocity is used for all the 
pulsars a much larger discrepancy is found. Furthermore, some 
pulsars are remarkable because of their extraordinarily great 
characteristic ages—up to 10* yr—a fact which could very well 
be explained by a decrease in the magnetic field, too. Consider- 
ing equation (9), it can be seen that the creation of magnetic 
monopoles in pulsars may explain these observations if Tea © 
“ои. When this cross-section is compared with the upper limit of 
equation (1) from the monopole searches using cosmic rays, it 
can be seen that there is no contradiction with this explanation 
and the fact that monopoles are not observed directly: expecting 
that the alpha-numeric coefficient R2B;/7/I,pl^ to be of the 
order of unity, we have for the monopole production cross- 
section in pulsars: 


-46 M E 
Ten 6б х 10 “°F = 3 х 104 cm? 
п 


form,-30GeVc^andn,-0.5 (10) 


which is considerably smaller than the terrestrial upper limit of 
equation (1): 


Орь < 10 7 cm? for m,=30GeVc? (11) 


(Besides, the interactions for the production of monopoles in 
pulsars involve high energy electrons, while the upper limits 
published so far concern nucleons.) Therefore, as an explanation 
of the discrepancy between 7 and 7, and of the very great 
characteristic ages, we suggest that this comes from a decrease in 
magnetic field due to monopole creation in pulsars with the 
cross-section of equation (10). This provides an indication of the 
existence of the magnetic monopoles and of their creation in 
pulsars or at least (if another explanation for the observations is 
preferred) a new upper limit on the monopole production 
cross-section, far more stringent than the terrestrial ones. 
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Possible nuclear 
origin of Ap and Am stars 


MANY possible mechanisms have been proposed to explain the 
abundance anomaly of heavy elements on Ap and Am stars. Van 
den Heuvel’ suggested that these stars had been secondaries of 
binary systems, whose primaries exploded as supernovae and 
caused the accretion of heavy elements on the secondaries. The 
abundance distribution of elements with Z = 40 in those stars is 
generally similar to that of r nuclei in the Solar System, although 
the overabundance factor for each element relative to Solar 
System r abundance is not constant, being exceptionally high in 
some limited regions such as the region around Te, the rare earth 
region around Nd and Sm, and around Pt and Hg. These 
observational trends suggest that the abundance pattern in those 
stars may be a superposition of some specific elements with 
anomalously high abundance on a background proportional to 
the Solar System r abundance. Here I suggest an alternative 
possibility for the nuclear origin of anomalous abundance in Ap 
and Am stars. 

In the early expanding period of supernova shells, the 
Rayleigh-Taylor instability, plasma instabilities or, at a later 
period, some instability accompanying dust formation? would 
occur. These instabilities might cause more or less pronounced 
density and composition inhomogeneities and chemically 
inhomogeneous clumps or knots of clouds might appear in the 
expanding shells. The clumps would have envelopes surround- 
ing them’, so that the movement of these clumps would generate 
turbulence in the expanding shells and tend to chemically 
homogenise the supernova shells. We can therefore imagine that 
in the expanding supernova shells there are chemically 
inhomogeneous clumps embedded in and co-expanding with the 
chemically homogeneous background gas. These clumps would 
appear «4 x 10'^ cm from the supernova’. Taking the distance 
between the components of a typical binary system to be 
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Fig. 1 Abundances of heavy elements on HR465 in the scale 
Н « 10". Open circles with error bars show observations, whereas 
the heavy solid lines denote the calculated abundances. Arrows 
indicate the data with only upper or lower limits. Observational 
uncertainties are unclear but are assumed here arbitrarily to be 
xdxp(0.5), although they could be higher. The calculated abun- 
dances are composed of the background (A) and two components 
B, and B; intrinsic for HR465. They are shown by light solid, short 
dashed and long dashed lines, respectively. Abundance patterns 
for the component A in the region of Z = 90, B; in 42 < Z < 68 and 
В, in 74 € 2 < 80 are substantially the same as those given by the 
heavy solid lines. 
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— 10^ AU, the instabilities in the shells would occur during the 
transfer towards the secondary, and the accreting matter ón the 
secondary would probably be composed of some clümps and the 
background gas, now partially chemically homogenised. ; 

If we restrict the discussion to the region Z 240, the nucleiv 
formed in the supernova shells are only ғ and p nuclei. Using 
Arnett's model? of the presupernova with M, = 8Mo, I have 
investigated the nuclear synthesis occurring in the innermost 
shell of exploding supernovae’. The r process is found to take 
place when the star is within the lagrangian mass range Mi= © 
1.34-1.69 x 10? g. The number of free neutrons per seed 
nucleus gradually increases with the decrease of M, in that 
lagrangian mass range, and therefore the appearance of the 
abundance curve of produced r nuclei varies with position in the 
r shell. The shell-intergrated abundance over the r shell, 
however, can well reproduce the relative abundances of r 
nuclides in the Solar System. If the r nuclei are produced in the 
above lagrangian mass range, they become overabundant in the 
supernova shells as a whole by a factor of ~3 x 10° as compared 
to the Solar System r abundance, whereas the overproduction 
factor for the p nuclei is 10°? only in ће p nuclei-producing - 
region’. Hence in the region Z > 40 the abundance distribution. - 
in the background gas which accretes on the secondary star 
would be substantially that of the r process. However, some. 
accreting clumps with a high abundance of r elements might be. 
produced at some position in the r shell. Where these clumps 
accrete, chemically inhomogeneous spots with intrinsic dis- 
tribution of r elements would form. It would therefore be 
possible to observe the abundance distribution due to these. 
spots, being superimposed on the background distribution. The 
extent of the strong overabundance in some specific elemental 
regions depends on the mass of accreting clumps relative to the 
mass of accreting homogeneous gas. 

Cowley’ points out that in the rare earth region the abundance 
of individual elements in Ap and Am stars can be expressed as 
two components—the ordinary abundance pattern with a 
normal odd-even effect (component A), and an abundance 
distribution with a maximum centred around intermediate rare 
earths (component B). According to my proposed model, these 
components A and B correspond, respectively, to the back- 
ground with the r abundance appearance and to the intrinsic: 
component originating from a chemically inhomogeneous spot. : 

As an example, consider HR465 observed in 1960 at its rare 
earth maximum. Figure 1 shows the observations" ^ in the 
region of Z = 40 together with the theoretical abundances which 
consist of the ‘background’ (this is proportional to the ғ abun- 
dance observed in the Solar System ^! : component A) and two 
components B, and В, intrinsic for HR465. The components 
B,; have the r abundances produced in the regions around 
M, = 1.48 and 1.37 x 10? g, respectively. The calculated abun- 
dances have been obtained by the superposition of three > 
components so as to minimise the deviation from observations. 
The relative numbers of nuclei with Z = 36 are 


А:В,:В, = 1.0:35.5:0.45 


The calculation can well explain the observed data within the 
observational uncertainties. The component B, makes the 
regions around Z=42, 52 and 60 overabundant, while 
component B; has a maximum centred around Pt. The abun- 
dances observed in the other Ap and Am stars are also explained 
by superimposing some intrinsic abundance patterns on the 
*background'. We also expect to observe stars which do not 
require an additional intrinsic component, and which are 
explained by the 'background' component. Stars such as 32 Aqr, 
63 Tau and y Equ = HD201601 might be of this type. 

Figure 2 shows the mass fraction of the region where a given 
element is produced in excess to the total mass of the r shell. A 
given element is said to be in excess at some position / in the r 
shell when the quantity N(Z),-(N(Z)) becomes positive, 
where N(Z), is the number of nuclei with Z per unit mass 
produced at i and (N(Z)) is the average value over the entire г 
shell. Figure 2 implies that, if the sites for Rayleigh-Taylor 
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Fig.2 Fraction of the mass of the region where a given element is 

produced in excess relative to the total mass of the r shell. Atomic 

symbols are given for representative elements frequently observed 
in Ap and Am stars. 


instability or plasma instability are randomly distributed in the r 
shell, the probability that elements near Z = 52 will appear in 
Ap and Am stars with exceptionally high overabundance factors 
compared to the other elements is by about twofold higher than 
the probabilities for the other elements. Furthermore, in the 
light rare earth region the probability is slightly higher than that 
for heavy rare earths. The occurrence of Ap and Am stars with a 
high overabundance factor for a given element would show a 
pattern similar to that in Fig. 2 provided my hypothesis is the 
only mechanism operative. 

Although the hypothesis well accounts for the gross feature of 
abundance curves on the Ap and Am stars, it cannot always 
explain the details of the curves; for example, it fails to explain 
the low abundances of Ba, La and Yb in HR465. For a complete 
and detailed explanation, secondary processes such as the 
magnetic accretion or the diffusion process would have to be 
introduced. 
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Consequences of the day-to-night 
variation of the 
exospheric temperature of Venus 


DURING the exploration of the planet Venus by the Soviet 
space probe Venera 9, we measured the quantity of hydrogen in 
the upper atmosphere and its temperature through the optical 
observation of far UV atmospheric emission. The temperature 
at the altitude of 250 km (the upper boundary of the atmos- 
ohere) was found to vary from 500 K on the dayside to 200 K on 
the nightside. This variation is compatible with our current 
knowledge of the heating of upper atmosphere by the solar 
radiation. It is shown here that this variation, which is larger than 
on Earth, induces an exospheric transport (out of the atmos- 
phere) of hydrogen from the dayside to the nightside. As an 
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indirect consequence, this transport allows the existence of a 
large quantity of atomic oxygen in the upper atmosphere, a 
feature which was still controversial. 

Atomic hydrogen in the upper atmospheres of planets is a 
good tracer of the exospheric temperature’. As it is produced 
through photochemistry of hydrogen compounds in the chemo- 
sphere, its distribution and total quantity are connected mainly 
to the mixing ratio of hydrogen compounds and to the efficiency 
of vertical transport^?. As hydrogen atoms are scattering Lya 
solar photons, they can be easily observed optically, from 
outside the atmosphere of the planet, through their Lya emis- 
sion at 1,215.6 À. 

The Lya photometer which was flown in October 1975 in the 
orbiter part of Venera-9 around Venus, allowed intensity and 
line shape measurements to be made, which have been 
described previously“. The detector was a NO counter used in a 
photon counting mode, measuring the Lya emission J, through 
a hydrogen absorption cell in a field of view of 20'. When the cell 
is activated at an optical thickness т = 10+ 1 (with the help of a 
tungsten filament which dissociates H, molecules into atoms), a 
part of the Lya emission line is absorbed in the cell, and the 
intensity measured by the NO counter drops to J, = RI.. The 
reduction factor R is a function of the emission line profile and 
of the Doppler shift of the spacecraft along the line of sight". 

Our previous report* was devoted to the analysis of the data 
obtained on the sunlit part of the atmosphere above the 
planetary disk. A hot component was found to be present about 
3,000 km of altitude, and associated with the possible effect of 
the solar wind on the hydrogen exosphere, when it becomes 
turbulent after bow shock crossing. Below 3,000 km of altitude, 
the exospheric temperature T, was found to vary on the dayside 
from one day to the other between 400 and 600 K, with a mean 
value of 500 К, associated with a density of 1.5 x 10* atom cm? 
at 250 km, the exobase level. 

This report analyses the measurements of intensity and 
reduction factor obtained for lines of sight intersecting the 
planetary disk, both in the dark and bright parts. These 
measurements are compared with model predictions of intensity 
and linewidth, built from a vertical distribution of hydrogen and 
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Fig. 1 The reduction factor (which measures the effect of the 
absorption cell on the Lya signal when it is activated) is plotted as a 
function of impact altitude of the line of sight, counted negatively 
when the line of sight intersects the planetary disk. Theoretical 
curves are shown for various exospheric temperatures for 
comparison. The general decrease from left to right (increase of cell 
absorption) is due to decreasing Doppler shift. On the bright disk, 
the difference between measured and computed is attributed to 
contamination by O(1) 1,304 À line. The observed temperature 
increase in the exosphere is attributed to bow shock interaction of 
decelerated solar wind protons with the hydrogen corona’. 
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the solution of the radiative transfer equation in the approxima- 
tion of a spherically symmetric exosphere’®. The line profile is a 
by-product. of the radiative transfer solution’; a theoretical 
value of the reduction factor R can then be computed, as the 
Doppler shift is known. 

"There is some contribution of the large emission of O(1) at 
1,304 Á to our measured intensity signal over the bright disk 
data, as in the case of the Earth, even if our NO counter is less 
sensitive by a factor of —3 at 1,304 A than at Lya. We have used 
the hydrogen cell measurements for estimating the stray contri- 
bution of O(1) as follows. 

The values of R measured over the disk are compared to the 
theoretical values computed for three hydrogen vertical dis- 
tribution: same vertical distribution below 250 km with density 
at 250 km п. = 1.5 x 10* atom cm ^, but three different exos- 
pheric temperature T. = 400, 600, 800 K (Fig. 1). All curves, 
experimental and theoretical, decrease from left to right when 
the line of sight of the instrument scans the planet because 
during the same time, the Doppler shift due to the orbital motion 
decreases from —7.7 to —2.6 km s^! and therefore the absorp- 
tion peak in the cell moves towards the centre of the Venus 
emission line. When the Doppler shift is equal to the half-width 
of the absorption profile, one half of the emission line is ab- 
sorbed and the other is not, whatever the line profile (within 
limits relevant to the present discussion), and therefore at that 
point all theoretical curves intersect at a value of R = 0.5 (ref. 8). 
The fact that, for this particular value, the measured R is 0.5 
indicates the presence of a non absorbed signal which can be 
identified with the O(1) contribution to our signal and provides 
an estimate of its value. On all six orbits analysed, a subtraction 
of 2396 of the bright disk intensities does bring back the 
measured values of R among the theoretical curves; this cor- 
responds to a 0.8 ratio of the intensities (O(1)/I(H), in fair 
agreement with previous measurements’. 

After subtraction of O(1) contamination (on the bright disk 
only), the intensity measurements were compared to theoretical 
intensities (Fig. 2) corresponding to two distributions of hy- 
drogen. Both have the same exospheric distribution determined 
by п. = 1.5 x 10* at cm ? at 250 km and Т. = 500 K (parameter 
deduced for the daylight exosphere from our previous analysis^). 
Below 250 km, the density follows the Liu and Donahue”? 
model distribution with the following cloud top volume mixing 
ratios: faa = 6X 1077, fa, = 7x 1075, fio = 3x 10 * for model B 
and fimo = 2.5 x 1075 for model A. Both models have the eddy 
coefficient K taken at 10* ст? 57! and the limit of complete 
absorption of Lya by CO; isset at 110 km. Differences between 
numerical values used by Liu and Donahue and us are of minor 
importance: we took, as our measurements indicated we should, 
Т. = 500 K instead of 350 K, and n, = 1.5 х 10* cm? at 250 km 
instead of п, = 10° at 210 km. This last point corresponds to 
scaling down the Liu and Donahue density distribution by a 
factor of 5. According to the analysis of Sze and McElroy'', this 
should imply approximately a decrease of hydrogen compounds 
at the cloud top level by the same factor of 5. 

The results of the comparison are: (1) On the dark side, the 
theoretical intensities are nearly insensitive to hydrogen content 
below 250 km, region not illuminated: the main contribution 
comes from the part of the line of sight directly illuminated. 
Owing to the orbital configuration, this region of emission 
covers the twilight region behind the terminator, from 90? to 
roughly 120? of solar zenith angle. The measured intensities are 
much smaller than on either model, indicating that on the 
nightside of Venus the exosphere contains much less hydrogen 
than on the dayside. As shown on Fig. 2, a good fit is obtained 
with model C, identical to B below 250 km but with a lower 
temperature Т = 200 K. Even lower temperatures would be 
required, if a density at exobase level was taken larger on the 
nightside than on the dayside, by analogy with the case of the 
Earth where the night-to-day ratio of hydrogen densities at the 
exobase level is of the order of 2, with a day-to-night tempera- 
ture ratio of 1.3. We conclude that a large difference of exos- 
phere temperature between day and night is demonstrated on 
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Venus. A similar conclusion was reached from Mariner 5 
results"?, but with а more complicated analysis restricted to limb 
measurements. Such a large day-to-night temperature ratio is 
indeed predicted from an elaborate theoretical model оѓ the 
upper atmosphere of Venus, which includes as a parameter the 
degree of efficiency of solar heating. Our dayside temperature of 
500 K would correspond in this model to a medium efficiency 
solar heating. 

(2) On the bright disk, the intensity is very sensitive to the 
hydrogen content below 250 km. А good fit is obtained with 
model B except near the bright limb, where field of view effects 
may smooth out the large theoretical increase. A Liu and 
Donahue model scaled down to our values gives a satisfactory 
description of the situation. We therefore have to discuss their 
conclusions. With their mixing ratio of hydrogenous 
compounds at cloud top (total hydrogen mixing ratio at least 
107%) the production of hydrogen is large and because there are 
only three sinks (Jeans escape, non thermal escape, downward 
transport and recombination described by the eddy coefficient 
К) and as the Jeans escape is small, either the non thermal _ 
escape flux m or the eddy coefficient K must be very large. This 
places constraints over oxygen. If K is large, oxygen atoms are 
removed by transport and the dayglow at 1,304 A is not due to 
optical resonance but to electron excitation, If K is. small, 
oxygen atoms exist in large quantities and the dayglow is due to 
optical resonance, but in this case a very large non thermal 
escape flux is needed. The modifications our data force on the 
Liu and Donahue analysis (Т. = 500 K instead of 350 K, naso 
scaled down by a factor of 5 which implies a value of fnno around 
0.5 x 10 аі cloud top) do not change their conclusion. But what 


.may change the discussion is the large asymmetry between day 


and night that we have demonstrated. On Earth, the density 
ratio adjusts itself to the temperature ratio in such a way that, at 
each point of the exobase, the upward flux of ballistic hydrogen 
atoms (a function of local conditions) is approximately equal to 
the downward flux of ballistic hydrogen atoms which comes 
from everywhere on the exobase. This seems not to be the case 
on Venus: the large difference in temperature between day and 


night, which results probably from the slow rotation of the 


planet, implies a large transport of hydrogen from the dayside to 
the nightside (or lateral flow) and the net upward ballistic fux 
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Fig.2 The measured Lya intensity (after subtraction of 1,304 À 
contribution on the bright disk) is compared with computed 
intensities, for three different models A, B, C of hydrogen vertical 
distribution. А and B are different only below the exobase (T. - 
500 K) which shows that bright disk intensity is sensitive to hydr- ~ 
ogen below the exobase. B and C are different only above the 
exobase, where model C is at T, — 209 K. Dark disk intensity is 
sensitive to the hydrogen above the exosphere, directly illuminated 
by the Sun. n, 1.5 x 10* atom em ^. 
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can become positive. For a sinusoidal variation of the tempera- 
ture between Ты, = 500 К at the subsolar point and Т... = 
200 K at the opposite point, and a unifórm density distribution 
пе= 1.5 x 10°, we computed this net upward ballistic flux to be 
5 x 10’ atom cm ? s^! for the subsolar point. This upwards flux 
could very well play the role of the nonthermal escape flux dx. 
introduced by Liu and Donahue'? and Sze and McElroy". 
When reported on their Figs 2, 3, 4, $,—5x10' cm"? s^! 
implies low values of K of the order of 105 cm? s^'. This value 
could, therefore, allow the atomic oxygen to build up and the 
1,304 À emission would be explained by resonance scattering. 
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Direct experimental verification 
of the Kelvin 
equation for capillary condensation 


THE thermodynamic properties of liquids trapped in micro- 
scopic pores or existing as very small, highly curved droplets are 
described by the Kelvin equation’. This equation forms the basis 
of critical nucleation theory’ and has been used in interpreting 
such diverse phenomena as adhesion, the enhanced solubility 
of small particles and the retention and flow of liquids in porous 
materials**. The validity of the application of the Kelvin equa- 
tion to such highly curved interfaces (where the mean radius of 
curvature can be in the range 1-100 nm) has been questioned! ^, 
but has never been tested by direct experiment. We have used 
multiple beam interferometry to observe the formation of capil- 
lary condensed liquid between crossed cylinders of molecularly 
smooth mica. We report here that the Kelvin equation is obeyed 
by cyclohexane menisci with mean radius of curvature as low as 
4 nm. We further conclude that the application of the laws of 
thermodynamics, and the concept of a bulk surface tension, are 
valid in principle for such highly curved interfaces. 

The Kelvin equation! (equation (1)) gives the equilibrium 
mean radius of curvature r, of a liquid-vapour interface in terms 
of the actual vapour pressure p and the saturated vapour 
pressure p,. The equation can be applied to both liquid drops (гл, 
positive) and to bubbles and capillary-held wetting liquids (r,, 
negative)". We have measured the mean radius of curvature of 
cyclohexane menisci at the periphery of liquid bridges trapped 
between two crossed cylindrical mica surfaces (Fig. 1) at equili- 
brium with relative vapour pressures in the range 0.71< 
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Fig. 1 Space between crossed mica cylinders with bridging 
meniscus (section through 45? plane of symmetry). Not drawn to 
scale: R ~ 10" nm, г, 10* nm, ri -10 nm. The mean radius of 
curvature r, is defined as 1/rm = 1/r, - 1/r;. By convention, гү is 
negative and r, positive in the configuration shown here. The 
equation used to calculate values of 7m from experimental values of 
the critical distance D=D, (see text) was ғ. == 
—(D, - 2Z)/2 cos 8. This equation is accurate to within 0.596 for 
the range of values of r,, examined. The measured value of the 
contact angle 8 was 6 = (6+ 1)° (L.R. F., to be published). 


(p/ p.) « 0.94, giving mean radii of curvature in the range 4 nm < 
—r,*19nm. The experiments were carried out using an 
apparatus! in which the distance D between the molecularly 
smooth surfaces of a pair of rigidly mounted crossed cylindrical 
mica sheets was controlled and measured to 0.1 nm. Distances 
were measured by multiple beam interferometry, which also 





PIB, 


Fig. 2 Adsorption isotherm of cyclohexane on cleaved mica. 
Values of the adsorbed film thickness Z were determined (1) by 
measuring the distance (нд) between the mica surfaces at the 
moment of first contact, and assuming that Z = Deontacr/2; or (2) by 
calculation from the measured root mean square refractive index 
(Arms) of the medium between the surfaces when the surfaces were 
held at a constant small distance (D) apart?. A, Points calculated 
from spacing at contact; O, points calculated from r.m.s. refractive 
index. Shaded band: range of possible values of the thickness of a 
cyclohexane monolayer, calculated from measurements on a 
Courtauld spacefilling molecular model. We have taken Z= 
(0.6+0.1)nm for relative pressures below 0.93 and Z= 
(1.05 x 0.1)nm for p/p, = 0.943. 


© Macmillan Journals Ltd 1979 


Nature Vol. 277 15 February 1979 


permitted observation of the presence of a bridging meniscus 
and measurement of the refractive index of the material 
between the surfaces*. For distances D greater than a critical 
distance De the liquid bridge evaporated irreversibly. Values of 
rm were calculated from the experimental values of Da, with 
allowance by simple subtraction for the thickness Z of the 
adsorbed film. Values of Z were determined from the adsorp- 
tion isotherm at 293 K (Fig. 2). 
The Kelvin relation between r,, and ( p/pj) is’: 


In (p/p) ={M/piRT}H(y/tm)— (p — р} (1) 


where M is the molecular weight, p, is the liquid density, р/р, is 
the relative vapour pressure, y is the liquid-vapour interfacial 
tension at the absolute temperature T, and R is the gas constant. 
As|y/ral > (p — р.) for the range of values of r,, measured, this 
equation gives an almost linear plot of In ( p/ p) versus 1/rm, with 
a slope of [ yM/p,RT]. Two theoretical plots of In (р/р.) versus 





Fig. 3 Comparison of theoretical (Kelvin equation) plot of 
—In (p/p,) versus —1/r,, with experimental results. The solid line 
corresponds to the assumption that y (-25.5mNm ) is 
independent of г. The dashed line is calculated assuming the 
approximate relation'? y 7 Yooll+AA/tm), where Yæ is the 
surface tension of a planar cyclohexane liquid-vapour interface 
and AA is the 'thickness' of the interfacial region. We have taken 
AA = 0.49 nm (ref. 12). The relative pressure p/p, was controlled 
by maintaining a constant temperature difference between the 
mica surfaces and a pool of liquid cyclohexane in the chamber of 
the apparatus. Errors in ( p/p,) are due to temperature drifts during 
an experiment. The principal errors in 7m arise from uncertainty in 
the thickness of the adsorbed film (about 0.1 nm) and from errors 
in establishing the limits at which menisci were clearly observed to 
evaporate irreversibly (upper limit for D.) or to grow (lower limit 
for Dj. 


1/r, are shown in Fig. 3, together with the values of 1/r,, 
calculated from the experimental values of Z, D. and @ at 
various experimental values of In(p/p,). The experimental 
points agree closely with those predicted by the Kelvin equation, 
assuming y constant, down to the smallest mean radius of 
curvature examined (7, = —4.2 nm). If allowance is made for the 
effect of curvature on surface tension’’, a theoretical line is 
obtained with a slightly better fit to the experimental points. The 
assumption that an equilibrium adsorbed monolayer affects only 
the geometry of the system and not the meniscus curvature 
seems to be justified, although this assumption may need 
modification for thicker adsorbed layers’. 

In conclusion, we have verified that the Kelvin equation for 
cyclohexane condensed on to mica surfaces is satisfied to within 
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+6% of r, down to meniscus radii of 4 nm. A more detailed 
account of this work will be published elsewhere. 
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Measurement of carbon 
tetrafluoride in the atmosphere 


ATMOSPHERIC trace concentrations of carbon tetrafluoride 
(CF) in a variety of ambient air samples have been measured. 
The air samples were concentrated by a cryogenic trapping 
technique and the CF, species identified by combined gas 
chromatography-mass spectrometry GC-MS) with single ion 
monitoring. The contribution of natural and/or anthropogenic 
sources to the global burden of CF, is unknown. CF, may be one 
of the atmosphere's rare gases. 

CF, is a very stable compound that behaves like an inert gas 
up to a temperature of about 2,000 °С. The presence of CF, in 
the atmosphere at a concentration of zpproximately 0.1 to parts 
per 10? (p.p.b.) was deduced by Gassman’ from MS analyses of 
contaminant levels of CF, in high-purity krypton samples. 
Gassman suggested! that CF, was enriched from the atmos- 
phere during the cryogenic preparation of high-purity krypton. 
The GC-MS analyses made at Harwell were conducted to 
determine whether CF, is indeed a cemmon constituent of the 
ambient. atmosphere, and if so at whet concentration. 

A pre-concentration technique was used to provide samples 
for GC-MS analysis. A glass U-tube equipped with Teflon 
stopcocks was immersed in liquid nitrogen and air was allowed 
to liquify until the tube was approximetely two-thirds full. Clean 
helium was then bubbled slowly through the trap until the liquid 
air had evaporated. The trap was them removed from the liquid 
nitrogen and thermally equilibrated at room temperature. This 
created a positive pressure of helium in the trap containing 
enriched concentrations of the trace species present in the air at 
the time of trapping. Samples of the mixture were then simply 
taken off the side arms of the trap wth a syringe and injected 
directly into the chromatographic column. The helium gas used 
in the enrichment process was cleaned before passage into liquid 
air by passing through 40 ft of stainless steel tube (inch outer 
diameter) immersed in liquid nitrogen. This effectively 
removed all CF, and Xe that may have collected in the liquid air 
trap in the evaporation process. Analysis of blanks made by 
passing helium through the cold emp:y trap for 30 min showed 
no signs of either CF, or Xe. 

For quantification both "'Kr (boiling point ~158°C) and 
13?Xe (boiling point —107 °C) were measured directly in 5 mi air 
samples and in the cryogenic preparations. Essentially 100% 
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enrichments of "Kr and '?Xe were obtained. Accordingly the 
high efficiency of the cryotrap for “Kr and '**Xe bracketing CF, 
with its intermediate boiling point of —128?C was taken to 
indicate that CF, was quantitatively enriched. Subsequent 
analyses measured only Xe for use as an internal standard in 
the CF, analyses. The concentration of '?Xe in the air is 
23 p.p.b. determined from its isotope abundance of ~27% of a 
total xenon atmospheric concentration of 84 p.p.b. Accordingly 
its constant atmospheric concentration provided an excellent 
internal standard for determining the enrichment ratios of the 
samples studied. 

Analyses were performed on a Hewlett-Packard 5700 series 
gas chromatograph fitted with a 1 inch o.d., 3 ft glass column 
packed with 70-140 mesh Woelm alumina GSC-120. Column 
temperature was held at -20 °C to enrich the 10 ml injections of 
the cryotrap contents onto the head of the column. After elution 
of the air peak, at 2 min, the temperature was raised ballistically 
(232 °C min™') to +50 °C. Helium purified by passage through 
liquid N, was used as the carrier gas to 40 ml min '. 

The gas chromatograph was interfaced to a V.G. Micromass- 
16 mass spectrometer by a jet separator. Mass 69 (CF) was 
monitored as the major peak for the parent CF, species with a 
retention time of 3.2 min. "?Xe was measured at 4.2 min. 

A representative analysis of CF, and "Xe chromatographed 
from an enriched air sample from South Pole, Antarctica, is 
shown in Fig. 1. The peak heights of each compound were used 
for quantitation against a CF, calibration standard in air and the 
known atmospheric concentration of ?Xe. The ?Xe peak was 
used as an internal standard to determine the enrichment ratio 
obtained in processing the cryotrap. The gains of the output 
attenuation of the strip chart record are CF,, 10 5x 10 and 
Хе 10x5 АУ, 

The concentration of CF, was determined in 21 analyses of 11 
different ambient air samples representative of the environs 


ту 


40 СЕ, 
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Fig.1 GC-MS analysis of CF, and "Xe in air sample from South 
Pole, Antarctica. 
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Table 1 CF, Measurements 





Date of Concentration CF, 
analysis Sample factor (4o)* 
Harwell 
17/7/78 OA 30.8 56.5 
17/7/78 OA 16.1 66 
20.3 repeat 42 
17/7/78 OA 15.9 58 
16.3 repeat 55 
17/7/78 OA 19.5 59 
18/7/78 OA 30.95 55 
34,52 repeat 43 
18/7/78 OA 25.97 83 
18/7/78 OA 29.41 71 
116.18 repeat 85 
18/7/78 OA 10.3 74 
19/7/78 OA 36.62 83 
19/7/78 OA 6.02 69 
5.26 repeat 56 
19/7/78 OA 30.16 62 
Other 
19/7/78 PNW 171 8.20 63 
37.50 duplicate 67 
20/7/78 S. Pole, 15.04 64 
Antarctica 18.27 duplicate 60 
Godley Head, NZ 9.44 68 
Volcano 
19/7/78 Шема, Hawaii 11.27 
6.27 duplicate 48 
20/7/78 | MLC, Hawaii 12.39 46 
6.81 duplicate 51 





OA, outside air; MLC, Mauna Loa Cauldera; PNW, Pacific North- 
west. 
*Parts by volume. 


around AERE Harwell, and three other air samples represent- 
ing the South Pole, New Zealand and the Pacific Northwest. The 
results of our measurements of the concentration of CF, are 
shown in Table 1. The mean CF, concentration for 16 analyses 
of Harwell air is 63.6 + 13.2% by volume. The mean of the other 
three air samples for five analyses is 64.4 + 3.2 p.p.b. by volume. 
No significant difference between the two sample populations is 
indicated. The variability in the Harwell values is about equal to 
the variability obtained in repetitive and/or duplicate analyses. 
Accordingly the CF, concentration in the Southern Hemisphere 
and that observed for the Northern Hemisphere suggest no 
inter-hemispheric differences at the present level of precision of 
analysis. 

At the same time as the CF, measurements of ambient air 
were made, two samples of volcanic emissions representative of 
a hot fumarole in the caldera of Mauna Loa (13,000 ft) and a 
much cooler vent on the north-east side of Kilauea at lilewa 
(3,500 ft) were analysed. The two samples showed similar levels 
of CF, of 48.3+2.5% by volume but at concentrations 
considerably lower than the level of 64% determined for the 
ambient air. The related halocarbon and other trace gas 
measurement data are given in Table 2. 

The 2596 lower level of CF, observed in the volcanic samples 
is consistent with the 17-27% lower fluorocarbon 11 and 12 
levels typically observed in the Hawaiian volcanic emissions. 
This is interpreted to mean that the origin of both the fluorocar- 
bon 11 and 12 and CF, is not from the gases being released from 
the fumarole's activity, but rather their presence represents 
entrainment of ambient air into the subterranean passages that 
is re-ejected into the atmosphere via the hot air plume in the 
chimneys associated with different volcanic vents. During the 
contact with the hot volcanic rocks some destruction of these 
materials has occurred as well as dilution. Previously Gassman 
had suggested that volcanic emissions may be a source of CF,. 
This may still be correct as the Hawaiian volcanic emissions 
studied are not typical of the active magnetic gases. released 
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Table 2 Trace gases in Hawaiian volcanic emisi 










от м NO CO, Fil 


Sample = 6) (%) (pp.b)t (p.p.m. (“et 


Mauna Loa 107300 100 840 3,960 211 123 
lilewa 222100 100 380 360 220 140 
Ambient air 7100 100 330 328 275 168 
dm 

*N; and O; percentages are derived from concentrations of nitrogen 
or oxygen in volcanic emissions over respective nitrogen or oxygen 
concentrations in ambient air. 
tParts by volume. 






during a volcanic eruption. Also the halogen concentrations in 
the Mauna Loa type of volcanic emission are much lower than 
the halogen content of the emissions from other types of vol- 
canoes. 

Те direct industrial production of CF, is minimal— 
<10 tons yr^!. Therefore, its dispersive use is not expected to be 
a significant source of CF,. The only other documented source of 
CF, is the electrolytic alumina reduction furnace. However, the 
production of CF, in this industrial process is not continuous, 
rather it is restricted to 5-10 min periods per day as the alumina 
content of the cell approaches depletion^^. Because of its 
sporadic nature, any estimate of CF, emissions from the alumina 
reduction process is subject to a very large spread in the amount 
of CF, produced and released to the atmosphere. Nevertheless, 
however speculative, we estimate that about 6x 10° руг! of 
CF, may be emitted from the world wide 1977 production of 
aluminium of 1.34 x 10” g yr^*. If this is the case, then the 
aluminium industry is not likely to account for all of the global 
atmospheric burden of CF,, which at an average concentration 
of 65%, approximates to 10° g. More information is obviously 
needed to establish the true contribution of CF, from the 
aluminium industry, but it is equally obvious that other sources 
of СЕ; need to be found. 
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Trace metals in 
Antarctic snows since 1914 


THE results of the variations of the concentrations of 12 ele- 
ments including Pb, Cd, Cu, Zn and Ag in snow deposited from 
1914 to 1974 at an uncontaminated site in East Antarctica are 
discussed here. As the composition of snow in central Antarctica 
is shown to be closely correlated to that in the lower atmosphere, 
this provides us with a valuable historical record of the composi- 
tion of remote aerosols in the Southern Hemisphere. We find 
that Pb, Cd, Cu, Zn and Ag were already strongly enriched 60 yr 
ago (with respect to the composition of reference crustal and 
marine sources) and that both the concentrations and the 
enrichment factors observed in 1914 for these five elements are 
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comparable to the present ones. This suggest 
background atmospheric concentrations of Pb 
Ag in the Southern Hemisphere are nct strongly inf 
global pollution, but are related to natural phenomen 
volcanism. a ps 
A recent increase in studies of the chemical composition of - 
tropospheric aerosols in remote areas has included data’ from 
northern and southern regions, including the South Pole. 
Concentrations of heavy metals are found to be much greater 
than expected on the basis of the average composition of the 
Earth's crust and of seawater. We camnot determine whether 
this is due to man's increasing industrial activities by current 
atmospheric sampling programmes. However, we can deter- 
mine the relative contributions to the composition of aerosols 
from natural and anthropogenic sources by analysis of impuri- 
ties in successive layers of snow in polar ice sheets, as has been 
done for near surface layers of the Greenland ice sheet". 
During the 1974-75 summer field season, 13 successive snow 
samples were collected from the surface to a depth of 5.35 mina 
hand dug pit at Dome C (74°40 3, 124°%10 E, elevation 
3,240 m), which was at the time an uncontaminated site 600 km 
from the nearest scientific station anc some 240 km from the 
nearest oversnow traverse. Samples were collected within a few 
weeks of the first aircraft landing at the site. The samples of the 
firn, about 0.7 kg each, were collected' by operators clothed in 
clean room garb, using Plexiglass tubes with screwed caps (inside 
diameter 8 cm, length 42 cm, rinsed im a class 100 clean room 
with ultrapure acids and water) pushed directly into the snow 
along a scoured pit wall. The tubes were then placed in double 
sealed polyethylene bags and kept frozen until the analytical 
stage. The samples were transferred by gravity directly into 
Teflon bulbs inside a class 100 clean room, for preconcen- 
tration? (x150) by non-boiling evaporation; this preconcen- 
tration procedure includes dissolving any solid particles by hot 
concentrated ultrapure hydrofluoric ard nitric acids. Na, Mg, K, 
Ca, Fe, Al, Mn, Pb, Cd, Cu, Zn and Aa are then determined by 
graphite furnace atomic absorption (electrodless discharge 
lamps for Pb, Cd and Zn) in the clean room. The complete 
procedure was calibrated? by processing 80 synthetic standard 
solutions of various concentrations down to 107" g/g that over- 
lapped the Antarctic snows concentration ranges. Contamina- 
tion from the field Plexiglass sampling tubes was found to be - 
negligible for all the 12 elements’ by analysing ultrapure water 
used for an extensive rinsing of ‘blank’ 3eld Plexiglass tubes. The 
overall analytical precision (atomic absorption and preconcen- 
tration process) calculated from the calibration curves using 





possibly — 











Fig.1 Dome С, Antarctica: factor anal*sis. Two dimensional plot 
using eigen vectors F, and F;. 
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confidence limits of 95% is of the order of 10% (30% for Са). 
All data are summarised in Table 1. 

The age of the snow samples collected between the surface 
and 2.06 m has been determined in our laboratory by various 
independent techniques’ including stratigraphy, stable isotope 
composition and radioactive fallout horizons from nuclear tests, 
which identify seasonal snow layers and make it possible to 
attribute specific dates to several characteristic horizons over the 
past 25 yr. Beyond 2.06 m, solely stratigraphic data have been 
used, The age of the samples ranges from 1974 to 1914, Table 1. 
The accuracy of these unpublished dating results (Petit, personal 
communication) is +1 yr between the surface and 2.06 m (years 
1974-55); it decreases then with increasing depth to +5 yr at 
5.35 m (year 1914), 

The elements measured in this work can originate from three 
principal sources: the oceans, the continents and man’s activi- 
ties. The relative influence of these three sources at Dome C can 
be determined by analysing the correlation matrix of the 12 
measured elements through principal components factor analy- 
зї” (FA). FA studies this correlation matrix by diagonalising 
it, solving it for eigen values and vectors which are linear 
combinations of the original 12 elements, and taking these eigen 
vectors as new reference axes. The results of FA are shown in 
Fig. 1 for the two eigen vectors F, and F, corresponding to the 
two highest eigen values; these two vectors account respectively 
for 40.6 and 23.5% of the sample set variance. They separate 
three groups of elements: Na (marine reference element) and 
Mg (top right); AI (crustal reference), Fe, Mn, K and Ca (left); 
Pb, Cd, Cu, Zn and Ag (bottom right). This suggests an oceanic 
source for Na and Mg, a crustal continental source for AI, Fe, 
Mn, K and Ca, and a third source, independent from the two 
others, for Pb, Cd, Cu, Zn and Ag, as previously found at South 
Pole Station”. 

It has been suggested"? that in clean air conditions, the 
chemical composition of precipitations and of aerosols would be 
closely related. This is seen to be the case at the South Pole as 
shown by the data of Table 2. The two sets of data do not 
correspond to comparable time periods: this is probably unim- 
portant as only weak seasonal variations of the concentrations 
are observed? in these areas, at least in snow, but for Na and 
Mg. The ratio of the concentrations measured in air (expressed 
in 107g per standard cubic metre) to those measured in 
deposited snow (expressed in 107 g/g) range from 0.4 to 1 but 
for K and Cd for which slightly higher ratios are obtained. 
Although this relationship might be influenced by various 
parameters, it is unlikely that marked changes happened over 
the past century which was characterised by rather constant 
climatic conditions. The variations of the trace elements content 
of dated snow layers in central Antarctica can therefore prob- 
ably be used to reconstruct the past variations of the aerosol 
content of the low troposphere. Variations in concentration of 
all 12 elements over the period 1914-74 are shown in Fig. 2. 

At Dome C there are significant variations with time for all the 
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Fig.2 Dome C, Antarctica: variations of the measured concen- 
trations in snow between 1914 and 1974. 
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elements. These variations are probably not linked with short- 
term changes such as seasonal effects*'®, as each sample 
integrates at least 4 yr of snow accumulation. Generally speak- 
ing, concentrations in firn of 60 yr age are similar for all the 
elements to the present concentrations, except perhaps for Cu, 
whose concentrations increase slightly (x 1.5) between 1914 
and 1974. Apparently, therefore, the atmospheric concen- 
trations of the measured elements have not increased markedly, 
despite significant variations, since 1914. We previously found"? 
an increase of the concentrations of Pb, K, Zn and Ag (x2-3) 
and Cu (X6) in snow between 1950 and 1974 at South Pole 
Station. The present data obtained at Dome C confirm this 
increase between 1950 and 1974 for Pb, but the increase is less 
pronounced for Zn, Ag and especially Cu at Dome C than at 
South Pole Station; no increase is detected for K. This suggests 
that slight local contamination associated with operations at 
South Pole Station, which has been occupied since 1957, may 
have occurred for some elements. 

The absence of an increase in the atmospheric concentrations 
of trace elements at Dome C between 1914 and 1974 suggests 
that they are not significantly affected by global pollution. 


Table1 Dome C, Antarctica: measured concentrations in snow 








Depth Years Na Mg K Ca 
(m) (107 g/g) 
0.10-0.48 1974-71 17.9 2.77 1.06 1.00 
0.48-0.86 1970-68 17.0 2.82 0.93 0.99 
0.86-1.25 1967-63 21.7 3.93 0.62 0.94 
1.25-1.64 1962-58 26.1 4.32 0.75 1.51 
1.64-2.06 1957-55 23.5 3.31 1.11 1.32 
2.06-2.50 1954-50 24.8 3.61 1.40 1.55 
2.50-2.90 1949-47 23.7 3.71 1.57 1.53 
2.90-3.33 1946-41 21.7 3.52 1.13 1.36 
3.33-3.75 1940-35 17.4 2.57 1.88 1.47 
3.75-4.15 1934-30 16.1 2.78 2.05 1.52 
4.15-4.55 1929-26 21.2 3.41 1.45 1.47 
4,55-4.95 1925-18 16.2 2.48 1:32 1.27 
4,95-5.35 1917-14 19.8 3.11 1.25 1.24 





Fe Al Mn Pb Cd Си Zn Ag 
(107? g/g) 

124 114 18 41 19 62 47 6.0 
136 125 29 25 25 72 45 6.8 
091 O78 14 30 19 69 43 7.6 
116 088 17 28 89 50 31 4.0 
088 097 14 27 68. 80 36 6.6 
146 181 22 15 1 4S 34 2.9 
157 170 20 47 67 44 54 22 

[352 137 j£. o8 61 39 35 14 

242 306 30 23 33 u^ 74 72 
225 366 29 20 83 38 26 6.5 
2.11 193 22 18 48 4l 27 6.6 
147 139 22 24 16 29 32 2.1 
128 095 22 26 227 34 38 0.2 
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Historical records of some trace metals discussed here have 
already been published for Greenland in the Northern Hemis- 
phere”, No trend was found for Hg ? and Cd *5, while Pb ?* and 
Zn * concentrations were shown to have increased by a factor of 
two to three since the beginning of the century. There was no 
clear results for Си. Our results therefore indicate that 
industrial pollution has had no significant effect on the back- 
ground composition of the atmosphere of the Southern Hemis- 
phere, although it seems to have some effect on the background 
content of some heavy metals (Pb, Zn) in the Northern Hemis- 
phere atmosphere. This is in good agreement with the fact that 
more than 9096 of anthropogenic aerosols are emitted in the 
Northern Hemisphere", and that the Equator is a barrier for 
tropospheric aerosols. 

The interesting features, shown in Fig. 2, are the high 
measured concentrations of Al, Fe, Mn and K (elements of 
crustal continental origin according to FA) between 1925 and 
1940 approximately. This could be explained by an enhance- 
ment of the meridional circulation between 1925 and 1940 in 
the Southern Hemisphere, resulting in an increase of the trans- 
port fluxes of crustal material from mid latitude continents to 
Antarctica. We have no literature values on the historical varia- 
tions of the circulation patterns in the Southern Hemisphere, but 
it has been suggested'? that, in the Northern Hemisphere, they 
were different between this time period and the remaining other 
years of the 1900-68 period. 

The variation with time of the enrichment factors with respect 
to bulk seawater (ЕР) for Mg, and with respect to the mean 
crustal composition!" (EF...) for K, Ca, Fe, Mn, Pb, Cd, Cu, Zn 
and Ag are shown in Fig. 3. The reference elements are respec- 
tively Na and Al. The precision is better than 20% for all the 
elements except for Cd (40%). Calculated ЕЕ... values are close 
to unity for Mg, confirming that the sea is the likely source for 
this element. EF sus values near unity are obtained for К, Ca, Fe 
and Mn suggesting again a crustal continental source for all these 
elements. 

On the other hand, high EF... values ranging from one to 
four orders of magnitude are observed for Pb, Cd, Cu, Zn and 
Ag. This supports the FA data showing an independent source 








1950 1970 
Years 


Fig. 3 Dome C, Antarctica: variations of the enrichment factors 
between 1914 and 1974. 
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Table 2 South Pole station: comparison of the chemical composition 
of deposited snow with that of local atmospheric aerosols 





Concentrations 
Aerosols* Snowt 
(107? g/standard (107? g/g) 

Element cubic metre) 
Na 3,300 + 1000 7,700 140 
Mg 720 +430 1,300 + 130 
K 680+ 140 370470 
Ca 490 x 200 5105190 
Ее 620+ 230 760 +90 
Al 820+ 380 1,070 + 250 
Mn 13.5x3.5 1844.5 
Pbi eee 40+ 11 

7640 
са 18:13 3.842.8 
Cu 29x17 4741.4 
Zn 33+20 6.8+7.8 
Ав 3.4+3.6 5.5+0.07 





* From ref. 14. The results are the average of five sampling periods of 
nine days between 16 December 1974 and 4 February 1975. The error 
listed is the standard deviation derived from the dispersion of the 
concentrations for the five sampling periods. 

+ From ref. 10. The results are the mean concentrations measured in 
four snow samples integrating the years 1973 and 1974. The error listed 
is the standard deviation derived from the dispersion of the concen- 
trations for the four samples. 

The two values for aerosols correspond to two sets of samples 
collected by using different sorts of filters (see ref. 14). 


for these last elements. For Pb, Cd, Cu and Zn, the EF gus 
decrease more or less sharply from 1914 to 1930; they remain 
then almost constant between 1930 and 1950, and then increase 
from 1950 to 1974. There are large variations for Ag, but the 
mean values between 1914 and 1930 are not very different from 
those between 1950 and 1974. It seems that despite large 
variations with time, the enrichments factors for the heavy 
metals are as high in 1914 as the ones observed in 1974. This 
again suggests that these high enrichments observed for heavy 
metals in Antarctic snows, and therefore for the Southern 
Hemisphere background aerosols, are not significantly 
influenced by global pollution, but are linked with natural 
phenomena. 

The possible natural sources or mechanisms responsible for 
these very important enrichments of heavy metals are still being 
discussed'^*!?, The emission into the atmosphere of heavy 
metals from the ocean surface microlayer/?"? and from 
plants??? has been described and could be very significant. 
However, the most likely source could be volcanism. Little 
information is available on the chemical composition of volcanic 
aerosols, but it seems that they are strongly enriched in Pb, Cd, 
Cu, Zn and Ар??2*, with enrichment factors close to those 
determined at Dome C??*. The background fallout fluxes of 
these five elements for the Southern Hemisphere calculated”? 
from our Dome C data (by assuming as a first crude approxima- 
tion an homogeneous deposition pattern) correspond approxi- 
mately to emission fluxes” from about 10 volcanoes similar to 
Mt Etna in Italy. Moreover, the historical record of the stratos- 
pheric burden of volcanic aerosols?* shows that after decreasing 
from 1900 to 1920, and being low between 1920 to 1945, this 
burden increased after 1945. These time variations are similar to 
Observed changes of concentrations shown in Fig. 2 and 
enrichment factors shown in Fig. 3 for Pb, Cd, Cu, Zn, but not 
for Ag. Although it has been shown" that remote volcanic 
aerosols can reach the Antarctic ice cap, more detailed informa- 
tion on volcanic sources (chemical composition, fluxes) and 
analyses of snow samples covering a much longer time period 
including more particularly the years 1850-1910 which were 
characterised by the two powerful eruptions of Krakatoa (1883) 
and Santamaria (1903) are needed to confirm if volcanoes are 
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really responsible for the past and present day atmospheric 
concentrations of heavy metals. 
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Gerontology of ће Allende meteorite 


IN the Allende meteorite several elements are found to have an 
isotopic composition that cannot be due to radioactive or spal- 
lation or fractionation processes’. These isotope anomalies are 
mostly confined to white inclusions enriched in refractory ele- 
ments? (Ca~Al-rich inclusions) and are thought to be introduced 
into the Solar System by precondensed grains". We have pre- 
viously reported an anomalously high K-Ar age of a composite 
sample of five white inclusions from the Allende meteorite*; no 
direct verification of this lone-standing result of 4,800 Myr was 
possible because, with the exception of a small chip of one of the 
inclusions used for a thin section, the material was fused in the 
^ Ar-P? Ar experiment. We therefore began a search for old 
material in other Ca~Al-rich inclusions. Three different samples 
from a new type of inclusion proved to be no older than most of 
Allende's constituents, 4,510 Myr (ref. 5). A small white 
inclusion gave a well developed '""Ar/"?Ar plateau over almost 
the ehtire Ат release, with an age of 4,500 +20 Myr (ref. 6). 
We report here on the Ar- Ar analysis of two further coarse- 
grained Allende inclusions that showed ages in excess of 
4,580 Myr. 

. In the most widely accepted theory a supernova triggered the 
collapse of the solar пеша?” and the anomalously high ages 
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Fig. 1 Photograph of two Allende inclusions from which chips 
were taken for VAr- Ar analysis. (Sample 17(a); sample 18(5)). 


would be due to an enhanced “°K/*’K isotopic ratio produced in 
the explosive carbon burning shell of the supernova’. In 
another, controversial interpretation these ages could have 
chronological significance, as here the presolar grains are relicts 
from various old stellar nucleosynthetic and condensation pro- 
cesses unrelated to the formation of the Solar System®’, 

Sample 17 was a 15.1 mg interior chip of an irregular white 
cavernous inclusion (Fig. 1a). Binocular inspection revealed the 
presence of at least three different mineral phases: dark grey and 
clear crystals (up to 1 mm) were closely packed in a su; i 
matrix material. The inclusion wes surrounded b 
100 um wide, extremely fine-grained rim. locally. en iched in 
spinels. | 

Sample 18 was а 40.9 mg interior chip of a round white 
inclusion (Fig. 15) with a diameter of ~11 mm, which also had a 
core and a rim (0.2 mm). The core consisted of dark crystals 
(0.5 mm) embedded in a light grey crystalline matrix. Micro- 
scopic investigation showed a mineral composition typical of 
type B inclusions?. The core of the inclusion consists of prismatic 
xeno- and hypidiomorphic clinopyroxene crystals (80 um— 
1mm, majority 200-500 um). Melilite and anorthite are 
subordinately present, melilite as xeno- or hypidiomorphic, 
sometimes elongated grains (350 рт-2 mm), anorthite as lath- 
shaped twinned crystals. Spinel occurs either as hypidio- and 
idiomorphic isolated grains (2-25 um), poikilitically enclosed in 
pyroxene, melilite, and anorthite, or as round aggregates (30- 
160 um) of minute crystals. Inclusions of opaque minerals dis- 
persed in pyroxene and melilite are common. The rim of the 
inclusion, 80-100 um wide, consists of extremely fine-grained 
crystalline material, partly enriched in spinels (5-15 шт). Some 
pyroxene crystals show deformation lamellae. More detailed 
mineralogical as well as chemical studies of these inclusions are 
in preparation. 

The irradiation, argon extraction, purification, and data 
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analysis procedures are identical to those previously pub- 
lished'', except that the atmospheric argon was not removed 
before the ““Ar—*’Ar experiment by preheating. 

The results of the argon analysis are given in Table 1, at the 
same stage of data reduction as in ref. 11. For the apparent ages 
(D, a correction for trapped “Аг with the conventional ratio 
(*°Ar/°*Ar) реа = 1+1 was applied. To take into account 
atmospheric contamination, minimum ages (II) were calculated 
after subtraction of 295.5 x *°Arirappea (that is, in the atmos- 
pheric ratio) from “Аг. These ages are the basis of our present 
discussion. Age spectra are shown in Fig. 2. 

Absolute concentrations are 155 p.p.m. K, 12% Ca. and 
70 p.p.m. K, 1496 Ca for sample 17 and 18, respectively. In the 
reactor irradiation **Ar is produced from Cl present in small 
amounts’? and thus nominal **Ar/Ca exposure ages in these 
inclusions are too old compared with the known cosmic ray 
exposure time of Allende of 5 Myr (ref. 13). Note, however, that 
38 Ar from Cl is small in the 1,130-1,380 °C fractions of sample 
17, which yields a weighted average exposure age of 3.9 Myr 
(production rate 2.8 x 107° ccSTP "Arc per gc, Myr). 

The age spectra obtained from both samples are rather 
similar. Taking the minimum apparent ages, we observe broad 
plateaus extending over the first 50-60% of Аг released. At 
high extraction temperatures, beginning at 1,070 and 1,300 С, 
respectively, the apparent ages become older by about 400 Myr, 
compared with the plateaus. 

The two-step patterns of the age spectra are reflected in the 
K/Ca variations. K/Ca of the plateau fractions is relatively 
stable, most pronouncedly so in sample 17, indicating that over a 
wide temperature regime the same mixture of phases is degas- 
sed. Low K/Ca ratios at higher temperatures are associated with 
high ages, the opposite of what is expected from Ar recoil'*. 

Two-step ages patterns have also been previously encoun- 
tered in lunar highland breccias! "^5. There the significance of 
both parts of the spectra had been confirmed by spotwise laser 
* Ar"? Ar dating ^5. The difference between the results of 
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those lunar studies and of Allende samples 17 and 18 is the 
24,500 Myr age of the latter and the ‘normal’ ages of the 
former. In addition to the samples reported here, we irradiated 


and analysed a sample of lunar highland breccia 73215, 170,6,а E 
pink spinel-bearing troctolitic clast (O. B. James, personal _ 


communication), which below 1,050 °С yields a plateau age of _ 
3,940 70 Myr in agreement with the formation age of the 
breccia of 3,870 Myr (ref. 19). At 1,400 *C half of the 599Aris — 
released with an apparent age of 4,450 +40 Myr. This age is 
about the same as obtained fer other early o 
differentiates'*°; it may even be the oidest one. The age of this с _ 
clast fits perfectly into the chronological framework established . 
for breccia 73215 (refs 11, 19, 21). It aiso demonstrates that ће 
74,500 Myr ages of our two Allende inclusions are not due to 
some kind of a calibration error. Instead, the new results support. 
the 4,800 Myr K-Ar age previously reported. The nomina 
K-Ar ages of samples 17 and 18 are 5,120 +60 Myr and 5,080 + 
50 Myr, and the plateau ages are 4,980 +60 Myr апа 4,900 
30 Myr, respectively. A high-temperature phase must be 
responsible for the still higher apparent ages of the 1,130 or 
1,300 °C fractions, averaging 5,400 100 Myr. : 





The ratio of ‘excess’ “Ar (over that produced since | 


4,550 Myr) to K is 0.033 ccSTP per g for both samples. It is 
unlikely that this excess Аг migrated from the K-poor matrix 
(200 p.p.m. Jessberger et al., in preparation} into the inclusions. 
Not only is there no precedent for such a migration, but it would __ 
also have to occur to precisely the right degree to balance the 
different K concentrations. DRE 

It has long been argued that the isotepic anomalies and some ae 
other peculiar features of the Ca-Al-rich inclusions were intro- 
duced into the Solar System by presolar grains^^^ 7. Two 
principal origins of the presolar graims have been proposed. 
According to Clayton’, they represert interstellar dust from. 
various sources. Such dust, if not outgassed, should have a mean 
K-Ar greater than that of the Solar System. In that picture", the 


anomalously old ages are real and :ndicate the survival of E 
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Table 1 Amounts and isotopic composition of Ar released from two coarse-grained white inclusions of Allende after experimental corrections. | 
Apparent ages II are calculated after subtraction of 295.5 x 56 Агт from “Аг to account for atmospheric contamination GE 





a Allende no. 17 (15.1 mg) 


lunar... 



















Extraction 
temperature ar 
(C) (107% ссЅТР perg) — "Ar/"Ar Y Ar/"P Ar 
(x 10°) (х 10°) 
500 117 301+ 6 32+ 1 
580 79 2154 7 55+ 1 
660 140 139+ 4 54+ 1 
740 114 107+ 2 77+ 3 
820 99 111z 3 156+ 2 
890 116 146+ 2 162+ 2 
950 99 158+ 7 1334 1 
1,010 165 231+ 5 116+ 1 
1,070 93 286+ 3 286+ 3 
1,130 945 64+ 4 1,104+ 1 
1,200 140 278+15 3,327+13 
1,280 31 498 + 36 9,540+40 
1,380 52 667 x47 14,050 - 70 
Total 2,189 156+ 2 1,209+ 2 
b Allende no. 18 (40.9 mg) 
450 298 339+ 1 — 
580 116 313+ 3 9+ 1 
670 145 290+ 3 15+ 1 
750 124 243+ 4 41+ 1 
830 78 193+ 3 76+ 1 
900 45 224+ 9 112+ 1 
970 39 312+ 7 160+ 2 
1,040 45 372+ 9 225+ 2 
1,110 37 404+ 5 422+ 2 
1,190 101 355+ 6 1,019+ 3 
1,300 318 710422 6,968+ 7 
Total 1,345 401+ § 1,761+ 2 





Apparent 
38 Ar/? Ar 39 Ar/ Ar age (10° Myr) 
(x 10°) (x 10°) 1 H 
102+ 5 99+ 4 7.68 + 08 4.96 +42 
93+ 5 283413 5.83.08 4.60.16 
121+ 4 374+ 9 £454.04 4,97 + .06 
133+ 4 436+ 6 5092.02 4.97 x .04 
146+ 5 439x11 508 +.04 4,993-.06 
227+ 5 408 x 10 521.04 5.214,04 
383+ 8 470+ 16 4.97 + 06 4.97 + .06 
578+ 7 470+ 7 4,97 + .03 4.74.03... 
5354514 377+ 8 5.34 x .04 §.34% 040° 
69+ 4 335% 4 5.54+.02 5.43.04. 
232413 227413 621.10 5.25.24 
221234 411246 5.19.19 1.462: 1.48 
598252 130 € 40 7204.59 2.67 + 5.65 
188+ 3 3444 4 5.50.02 5.124:.06 
75x 2 15+ 1 11.01.06 4.52 42.24 
82+ 3 80+ 6 8.06+,14 4475.50 7 
96+ 2 1094 2 7.50.04 4.97 +16 
117+ 2 215+ 3 6314.03 4.90+ .09 
237+ 6 370+ 4 5372.02 5.134 .06 
629+ 3 471411 4.96 x .04 4,96 3.04 
1,027 «10 490 x 13 490z.04 4.90+.04 
1,359211 49211 4.89 +.04 4.894,04 2. 
14874 9 489+ 9 4.90.03 4904.03. 00. 
990+ 6 514+ 5 4822.02 4.82 x 02 
1,760 +20 372421 5.37+.10 5.37 & 10 
685+ 5 250+ § 6:05 +.04 5.08 + 0% 
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non-degassed K-bearing grains ‘from the beginning of the Uni- 
verse’ through the turbulences of the Ca-Al-rich inclusion- 
forming processes. Irradiation of the presolar grains with cosmic 
ray particles before formation of the Solar System is proposed by 
Clayton's model. The absence of large amounts of spallation 
38 Ar, however, does not necessarily invalidate this model, as the 
size of interstellar grains/* is not sufficient to stop (and hence 
trap) the recoiling spallation products within the boundaries of 
the grains. 

According to the second model, which is not in all aspects 
contradictory to the first, the presolar grains condensed in a late 
supernova that triggered the collapse of the solar nebula?". In 
this model apparent K-Ar ages can result from an isotopic 
enhancement of “°K. Note here that K-Ar ages are usually not 
based on “°Ar/*°K ratios, as the principle of the method would 
require, but in the case of the “°Ar-*°Ar method they are 
calculated from “*°Ar/*’K ratios, which are converted to the 
proper ratios by assuming that the sample has the normal Solar 
System ratio of K/K. As calculated by Cameron and 
Truran', the explosive carbon burning phase of supernovae 
produces a “°K/*°K ratio that is 70 times the average Solar 
System ratio 4,600 Myr ago. 

Other anomalies like the “Са enhancement” are also attri- 
buted to the explosive carbon burning phase as are FUN 
anomalies?^??, An apparent K-Ar age of 5,100 Myr cor- 
responds to a “°K enrichment of 35%, whereas an age of 
5,400 Myr as measured in the high temperature fractions of 
samples 17 and 18, requires a 6096 enrichment of К relative to 
the Solar System value of “°K/*°K. These large enrichment 
factors, however, do not imply extraordinarily large numbers of 
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Fig. 2 K/Ca and apparent age spectra of two white Allende 
inclusions. The broken lines in the age spectra represent the 
apparent ages without correction for atmospheric contamination. 
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extra “°K atoms. The magnitude of this anomaly is only 1/50 of 
the excess “Са atoms in inclusion EK 1-4-1 (ref. 27). 

Unfortunately, the possible presence of a “°K isotopic 
anomaly does not clearly distinguish between the two models, as 
both allow for “К enhancements. However, Clayton’ predicts 
an additional “К anomaly in his model. This letter does not 
attempt to discuss the merits or problems of both models. 

Up to now three Ca-Al-rich inclusions have been analysed for 
their K isotopic composition and have been found to have 
normal ratios???', These negative results, however, do not 
preclude samples 17 and 18 from having anomalous K. Note 
that so far, FUN anomalies of Mg, O (refs 28, 32) have only been 
encountered in two inclusions of Allende out of some 50 sear- 
ched. Thin section studies of the parent inclusion of sample 18 
revealed the peculiar feature of magnetite preceding the iron- 
phase condensation (A. El Goresy, personal communication). 
Samples 17 and 18 may represent new examples of presolar 
FUN material. 

The experimental verification of gas retention ages older than 
the accepted age of the Solar System in itself should not be 
interpreted as evidence for the survival of presolar grains— 
although the ‘ages’ are highly suggestive—until the carrier 
material of the extra Ar is identified and further isotopic 
evidence obtained. 

We thank E. Anders and T. Kirsten for useful discussions, and 
A. El Goresy for new mineralogical results of one of our 
samples. 
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Continental geotherms 
during the Archaean 


PRESSURE and temperature data from Archaean terrains have 
been used to test whether heat production during the Archaean 
at about three times the present rate resulted in correspondingly 
steeper continental geothermal gradients" *. The rocks consi- 
dered here lie mostly in the range of medium pressure 
metamorphism, recording pressures of 7-13 kbar at tempera- 
tures of 600-900 ?C (ref. 2). These pressures, with the underly- 
ing, normal, thickness of crust imply great thickening of 
continental crust during the Archaean. 
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Although these temperatures and pressures may record 
conditions during a phase of crustal generation—presumably 
dominated by igneous activity—the time for thermal equili- 
bration of such a province is short (~50 Myr: for example, 
oceanic lithosphere) and unless the ages of the mineral 
parageneses can be tied in with this accuracy to phases of crustal 
generation, the crustal thickening and P-T data may result from 
a later and quite separate metamorphic episode. 

By analogy with the behaviour of Phanerozoic terrains, most 
of the exhumation of these rocks must have occurred in the first 
few 100 Myr after the episode of crustal thickening. In these 
circumstances a P-T estimate represents only a point in P-T- 
time space and it is of little use, therefore, to try to fit it to any 
steady-state geotherm’*, particularly to one for normal crustal 
thickness. 

However, it will be shown that if the time-dependent nature of 
the geotherm is accounted for, these data are still useful in that 
they give an upper limit to the geothermal gradient in thickened 
Archaean crust^*, This is self-evident if the overthick crust was 
produced by magmatic intrusion, but it needs to be demon- 
strated if the thickening was not accompanied by extensive 
magmatism. 

In the first case, the intrusive terrain would have cooled 
rapidly so that the P-T data reflect closely the magma- 
steepened geotherm, even when erosion is rapid’. If, however, 
the overthick crust was produced by over- or under-thrusting 
this will not necessarily be true. The common feature of these 
forms of crustal thickening is the lateral injection of cool crustal 
material, rather than the vertical emplacement of hot fluid. This 
results in the establishment of geotherms with dT/dP less than 
equilibrium ones, and their persistence for several tens of Myr 
(ref. 9); similar conditions apply if the overthick crust is 
produced by rapid sedimentation. 

Erosion can considerably steepen the geotherm, however, 
and this, with continuing movement towards equilibrium during 
erosion, may mean that rocks buried deeper than about 30 km 
will not begin to cool until they have been decompressed by 
several kbar (refs 7, 10). 

This point is demonstrated in Fig. 1 for two hypothetical 
terrains in which there is a linear gradient with the rock consi- 
dered (initially buried at 40 or 60 km) at 900 °C. These profiles 
are then eroded at a linear rate™ so that the rocks reach the 
surface in 50 or 200 Myr. The P-T paths for these rocks are 
shown in Fig. 1; when the rock is exhumed from 60 km between 
80 and 90% of its cooling occurs in the last 30 km of its ascent 
and when it is exhumed from 40 km, the last 20 km of ascent 
shows. 70-85% of the cooling. The portions of the P-T paths 
characterised by nearly isothermal decompression would be 
extended to lower pressures if there were radiogenic elements in 
the pile, as heating would continue during the ascent (see refs 7, 
10). Also plotted in Fig. 1 are P-T data for the metamorphism of 
Archaean granulites summarised by Tarney and Windley’; a 
mean crustal density of 2.85 Mg m ? is assumed in converting 
pressures to depth. 

If the initial geotherms (dotted lines in Fig. 1) represent 
thermal profiles at, say, 70% of the temperatures which would 
be supported at equilibrium, then the dashed lines (E) show this 
equilibrium profile; probable P-T data from these rocks would 
lie close to (40 km burial) or to the high temperature side (60 km 
burial) of these equilibrium profiles. These arguments suggest 
that, whether the Archaean P-T data result from thickening of 
the crust by magmatism or from compression of cooler crustal 
material, they almost certainly represent temperatures as high 
as, or higher than, those which could be maintained at equili- 
brium in the thickened Archaean crust. 

To estimate a ‘normal’ Archaean continental geotherm from 
the P-T data, thermal profiles for the thickened crust are 
calculated. It is assumed that a quantity of radiogenic heat 
production qa, is distributed—either uniformly, or exponen- 
tially decreasing with depth on a scale length of 10 km—through 
the burden overlying the rocks which now yield the P-T data. 
The temperatures are sustained by this heating and a deep- 
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seated contribution, q,, from the lower portions of the crust and 
the mantle. The conductivity, K, is assumed constant 
throughout. A temperature of 900°C at 40km is taken as. 
representative of the granulite P-T data; from the arguments 
given above this temperature is likely to be no lower than the 
equilibrium temperature at that depth in the overthick crust. 


Depth (km) 





0 200 400 600 800 


1.000 
Temperature { С) 


Fig.1 P-T paths for rocks buried at depths of 60 km (a) and 40 km (5). 
in terrains of initially uniform thermal gradient such that they are at 
900 °С at these depths. The rocks are subsequently exposed by erosion: 
at a uniform rate over 50 or 200 Myr. Temperatures are calculated from. 
Carslaw and Jaeger". @ Indicate P-T estimates from Archaean ter- - 
rains’ ; pressure and temperature ranges are plotted at their mid-points; 
and indicate that the pressure estimates are minima. Dotted lines (E) 
are ‘equilibrium’ geotherms if initial gradients represent only 70% of 
equilibrium temperatures. 


An upper limit on the mantle contribution to Archaean 
continental geothermal gradients may be obtained by assuming 
that these temperatures were maintained without the help of 
radiogenic heating in the crust. The average crustal thermal 
conductivity is unlikely to have been greater than 4 Wm KU 
and this yields a limit of 90 mW тг? for the Archaean mantle 
contribution to surface heat flow. In these conditions the 
temperature at the base of 35-km thick crust would be around 
800°C. 

The heat. production distribution in the overburden to the 
rocks preserving Archaean P-T data is, naturally, indetermin- 
able and no more rigorous limit may be placed on q,, from these 





588 


data. However, a plausible lowest limit on the radiogenic heat 
production in Archaean continental rocks may be obtained from 
measurements on the Th- and U-depleted pyroxene granulites 
from Australian Archaean terrains! and from measurements 
on high grade rocks in the Canadian Shield (see ref. 13). These 
rocks, after allowance for the decay of heat producing elements 
since the Archaean, would generate at least 1 . W m ^, or a total 
of 40 mW m^ through 40 km of overburden. 

Table 1 shows the value of q, required to maintain 900 °C at 
40 or 60 km for a given value of q4-distributed exponentially or 
uniformly through the 40 or 60 km of cover. Crustal radiogenic 
heat production at 40 mW тг? over 40 km of cover requires q, 
of 70-80 mW m ^; some of this must come from the subjacent 
crust and if the estimate of 1 pW m ? for heat generation in the 
Archaean continental crust is reasonable, this portion would be 
20-30 mW m ?. 

Lower estimates of q, would be obtained if it could be shown 
that exhumation from more than 40 km was responsible for the 
generation of the P-T data under discussion. Table 1 shows that 
4x of 40-60 mW тг? is required for the conditions described 
above if the rocks originated at 60 km rather than 40 km. Such 
rocks would follow the kind of P-T-t path of Fig. 1a and would 
perhaps show a record of progressive metamorphism during the 
early part of the path, when decompression was nearly iso- 
thermal. 





Table1 Values of q, required to sustain temperatures of 900 °C at 40 
and 60 km for different values of K and q4 (see text) 





Heat generation distributed uniformly 


Depth of burial Depth of burial 
40 km 60 km 
qa Conductivity (Мт! К^!) 
(mW m?) 2 4 6 2 4 6 
0 45 90 135 30 60 90 
20 35 80 125 20 50 80 
40 25 70 115 10 40 70 
60 15 60 105 — 30 60 
80 5 50 95 — 20 50 
Heat generation distributed exponentially 
2 4 6 2 4 6 
0 45 90 135 30 60 90 
20 40 85 130 27 57 87 
40 35 80 125 23 53 83 
60 30 7$ 120 20 50 80 
80 25 70 115 17 47 77 





These lower estimates of q, would result in temperatures of 
400-700 °C at the base of 35 km thick crust after the overburden 
was removed. 

In conclusion, P-T data from high grade Archaean terrains 
represent temperatures reached during the exhumation of the 
rocks from an overthick crust and are probably not lower than 
equilibrium profiles for this thickened crust. At present the best 
upper limit which may be placed on the heat flow from the 
Archaean mantle from these data is 2-3 times present-day 
sub-continental values, and in this respect the P-T data offer no 
improvement in constraints of Archaean geothermal regimes 
over those from general observations of continental integrity in 
the Archaean: if a craton was formed of rocks of low radiogenic 
heat production and high conductivity, the base of its crust need 
not have approached melting temperatures even with mantle 
heat flow of 90 mW m". On the other hand, mantle heat flow 
this high is not demanded by the observations; the P-T data 
could well represent a thermal regime in which the heat flow 
from below the continental crust was 40 mW тг? or less. 

It would be possible to lower the upper bound on Archaean 
continental geothermal gradients if reliable information were 
obtained on the distribution of heat-producing elements in the 
Archaean crust and on the P-T-time paths followed during the 
exhumation of high grade Archaean rocks. 
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The lower geothermal gradients permitted by the P-T data 
would be consistent with the view of Archaean tectonics in 
which the continental thermal regime was similar to that of 
present day and most of the additional heat was lost from the 
Earth's interior by a faster rate of creation of oceanic litho- 
sphere’. 
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Uranium series dating of travertine from 
archaeological sites, Nahal Zin, Israel 


AT present, absolute dates of occupation can readily be deter- 
mined for prehistoric sites no older than about 40,000 yr BP 
using conventional '*C techniques. Ages of older sites can be 
obtained with the K-Ar method, but only where volcanic 
deposits are interstratified with the archaeological deposits. The 
majority of Middle and Lower Palaeolithic sites contain no 
volcanic deposits. However, many of these sites are associated 
with synchronously deposited beds of calcium carbonate, 
occurring either as tufa mounds left by now extinct springs, or as 
layers of travertine (speleothem) in the mouths of formerly 
inhabited caves. We show here that such calcareous deposits can 
be dated by the ?^Th-?^U method, as long as they are relatively 
impermeable and free of detritus; ages in the range 5,000- 
400,000 yr BP are obtainable with a precision of 5-10%. When 
the carbonate is deposited, it invariably contains traces of 
uranium but essentially no thorium. Its age can be obtained from 
the extent to which ??^Th has grown into radioactive equilibrium 
with its parent ?^U. The technique of radiochemical analysis is 
given in ref. 1. The ?°Th-”**U method has been found to be less 
reliable for the dating of molluscs’; although it has also been 
applied to the dating of bones?, the method has often yielded 
contradictory results, probably attributable to continuous 
diffusion of radionuclides through the bone during burial*. Some 
permeable, very fine-grained tufas have also given poor results 
in earlier studies; however, careful choice of dense, imper- 
meable, coarsely crystalline travertines generally yields dates 
that are mutually consistent and coherent with other geochrono- 
logical tests. 

We have applied this method to the dating of travertines 
found in association with artefacts of Middle and Upper 
Palaeolithic typology from sites in Nahal Zin in the north- 
central Negev Highlands, Israel. These open-air sites have been 
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described by Marks et al.’. Lying on the floor of Nahal Mor (Fig. 
1) is a large block of travertine in which there occurs a layer of 
artefact-bearing breccia. The artefacts include a few blades, 
flakes and a single blade core. The block has evidently fallen 
from a massive deposit of travertine seen clinging to the steep 
wall of the canyon about 30-35 m above the present valley floor. 
The blade core is particularly interesting because it exhibits hard 
hammer technique, an absence of edge regularisation, platform 
faceting only on the margin adjacent to the face of the core, and 
the removal of sizeable blades. These artefacts and the core in 
particular resemble material found in level 4 of site Boker 
Tachtit (D 101)* located in an alluvial terrace — 1.8 km down- 
stream from the travertine block. Artefacts from this site 
represent the transition from Middle to Upper Palaeolithic 
ology. Charcoal from level 1 of site D 101 gave ages of 
245,500, > 35,000 and 45,000 + 2,400 yr BP; the stratigraphy 
: of the site suggests that there is very little difference between the 
‘ages of levels 1 and 4. 
_ Travertine samples from above and below the breccia layer 
exhibit very uniform ?*U/?*U ratios and uranium concen- 
-trations (Table 1), suggesting deposition over a relatively short 
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time. There is no significant difference between the ages of 
samples from above and below the breccia stratum; pooling all 
the data, we conclude that the artefacts were deposited at 
46,500+2,900 yr BP. This agrees satisfactorily with the “C 
estimates at D 101. Another adjacent fallen block of travertine — 
gave an age in the same range. The alluvial terrace on which site — 
Boker Tachtit was deposited, although largely removed | 
down-cutting of Nahal Mor, can be traced up the canyon {оа 
point 20-30 m below the travertine mass from which the dated 
blocks must have fallen. Water from this now inactive spring 
may have been used by the occupants of Boker Tachtit, who 
chanced to leave the artefacts found embedded in the travertine. 
About 5 km to the south-east, near the head of the Nahal 
Aqev (Fig. 1), lies a dissected mound of travertine marking the — 
site of a former spring (Fig. 2). A layer of colluvial sediment 
interlaminated between the two outermost layers comprising 
this travertine mound contains several artefacts of Levallois 
technique’. They resemble artefacts found in site Nahal Agev 
(D 35), 150 m NNE from the fossil spring. The artefacts Кот 
site D 35 are ascribed to the early Meusterian'? and resemble — 
Copeland’s'! Levantine Mousterian phase 1. These artefacts — 
















Table 1 Isotopic and age data for travertines from Avdat/Aqev area 








Travertine blocks in Nahal Mor 


К U ; Age 
Sample no. Description 234 j 2380 (p.p.m.) 230гр Uy BOTH Th (10? yr BP) 
76NZ3-2 Below artefact 0.940 + 0.032 3.14 0.372 x 0.014 80.8 50.7x:2.8 
layer 
76NZ3-2A Below artefact 0.95040.019 3.04 0.362 +0.012 44.1 49.0420 
layer 
76NZ3-1 Below artefact 0.938 + 0.030 3.81 —* — = 
layer 
76NZAB-2A Above artefact 0.9153: 0.023 2.45 0.3182: 0.020 > 1,066 41.8231 
layer; upper 
lamina 
76NZAB-3 Above artefact laver; 0.955 0.029 2.91 0.206 x 0.013 > 1,000 28.0218 
middle lamina 
76NZAB-4a Above artefact layer; 1.1612 0.030 4.71 0.344 x 0.077 1,000 45.2:: 12.8 
lower lamina 
76NZB-4a Above artefact layer; 0.937 € 0.025 2.41 0,352 0.021 56.4 47.3434 
lower lamina 
76NZAA-1 Above artefact 1.054 + 0,062 1.35 0.380 + 0.030 9.9 45.2x52t 
layer 
T6NZ5-2 Another travertine 0.942 + 0.043 2.25 0.344 + 0.025 68.8 46.0442 
block, 0.5 m 
away from NZ4 
Average omitting 0.977 + 0.074 2.904 46.5::2.9 
76NZAB-3 0.96 
Nahal Aqev, fossil springt 
76NZ6e-1 layer A 0.924 + 0.030 2.68 0.886 + 0.046 29.13.3 258736 
76NZ6a-1 layer B 0.896 + 0.031 2.27 0.851 40.073 50.3+26:5 228117 
76N26a-2 layer B 0.887 + 0.020 2.26 0.834 0.032 52.5 214733 
76NZ6a-3 layer B 0.929 + 0.020 1.87 — — — 
76NZ6a-4 layer B 0.890 + 0.018 2.75 0.804 + 0.062 > 1,000 19175. 
Average, 
layer B 0.900 + 0.019 2.37 21119 
76NZ6d-3 layer D 1.076 + 0.030 0.97 —* — — 
76NZ6d-4 layer D 1.125 x 0.064 1.34 0.584 + 0.040 > 1,000 85.2% 10.0 
76321 layer D 1.060 + 0.030 2.12 0.496 + 0.023 > 1,000 7445 
Ein Agev 
76NZ8 Fossil spring 0.963 + 0.032 2.30 0.110 + 0.006 17.1 11.80.97 


deposit 





Errors аге 1o, based on Poisson statistics for a-counting. 


* No thorium recovered. 


+ Corrected for initial °°Th/??*Th = 1.5 at г = 0. 


1 See Fig. 2 for location of layers A to E. 
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Fig. 1 Map of Nahal Zin showing locations of dated sites. Nahal 
Mor is the canyon in which Ein Mor and Ein Avdat are located. 


also closely resemble the lithic technology of site Rosh Ein Mor 
(D 15), situated on the canyon rim above Nahal Mor. 

The lowest layer of the travertine mound (Fig. 2A) was 
deposited 258,000 + 66,000 yr BP, whereas three dates from 
layer B give an average age of 211,000 + 19,000 yr BP. Layer C 
is undated. From layer D, two samples were obtained, one with 
an apparent age of 85,000 = 10,000 yr BP (including a small 
correction for common **°Th) and another (76321) giving an 
age of 74,000 + 5,000 yr BP. Unfortunately, both the artefact- 
bearing layer and the top layer (E) are too heavily contaminated 
with limestone fragments to permit dating. The artefact-bearing 
layer, which seems stratigraphically to be either of the same age 
or slightly younger than layer D, was therefore deposited at 
about 80,000 + 10,000 yr BP. We infer that this was the time of 
occupation of site D 35, the location of which was presumably 
determined by the proximity of the spring". The site may have 
been abandoned when flow from the springs ceased. 

Further downstream in Nahal Aqev, the active spring of Ein 
Agev is now depositing travertine on the steep walls of a box 
canyon. Older deposits a few metres downstream on the west 
side of the canyon mark earlier stages in the headward recession 
of the canyon. A sample from the surface of these deposits 
(76NZ8) shows that the spring was active 12,200+ 700 vr BP; 
from the thickness of the deposits we infer that deposition 
started a few thousand years before that date, — 15,000 yr BP. 
This was close to the time of occupation of the nearby Upper 
Palaeolithic site D 31 (Ein Aqev), '*C-dated at from 18,000 to 
17,000 yr вр'?. 

These results, as well as providing the first absolute date for 
the early Levantine Mousterian culture, demonstrate the 
potential of °Th/?**U dating of travertine in establishing an 
absolute time scale in archaeology. 

Research was supported by grants from the National Geo- 
graphic Society and the National Research Council of Canada. 
The archaeological and geological studies related to this paper 
were carried out under NSF grants GS-2860X1 and GS-42680. 











Fig.2 Cross-section of fossil spring mound in Nahal Aqev. Layers 

A to D: travertine; layer E: colluvium containing Levallois flakes; 

layer F: travertine containing abundant limestone clasts; L: lime- 
stone bedrock. 
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Phylogeny and palaeobiogeography 
of hadrosaurian dinosaurs 


MOST geologists agree on the placement of the continents at the 
end of the Cretaceous. Palaeobiologists, however, hold diver- 
gent opinions’. Some workers connect South America to 
Africa, some connect it only to North America, while others 
isolate South America totally. New evidence from vertebrate 
palaeontology suggest that a substantial land connection 
between North and South America existed 85-100 Myr ago 
which facilitated the passage of many terrestrial vertebrates 
between the continents, including large herbivorous dinosaurs. 
Specimens of hadrosaurian dinosaurs, collected in the first half 
of the present century, have now been used to reanalyse not only 
the palaeobiogeography but also the classification and phy- 
logeny of this group. 1 report here the first solid evidence of an 
extensive land connection for large terrestrial vertebrates of this 
sort between North and South America at the end of the 
Cretaceous. 

Hadrosaurs were the most diverse and abundant late 
Cretaceous, terrestrial vertebrate herbivores. In most cases they 
seem to have comprised up to 75% of the biomass in local 
faunas’, according to recovered fossil samples. Their remains 
can be found in every Laurasian continent and also in South 
America. Because most specimens are represented by post- 
crania alone, and most workers believe that hadrosaur post- 
crania are not diagnostic, it has been almost impossible to map 
the distribution of sub-familial taxa. It is now possible, es- 
pecially with pelvic elements, to identify a genus on the basis of a 
single element*. With this new information, previously named 
taxa can be rediagnosed, isolated elements from all over the 
world can be identified, and Cretaceous hadrosaurian palaeo- 
biogeography can be reanalysed. 

An accurate, useful phylogeny must include all valid taxa from 
all geological ages and all localities. Previous hadrosaur phy- 
logenies have been based on North American data only^*. My 
new phylogeny (Fig. 1) includes all forms at the generic level and 
recognises two subfamilies, the Hadrosaurinae and the 
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Fig.1 Phylogeny of the hadrosaurs. All valid genera from all the 
continents are listed. ‘А’ coming off the Edmontosaurus lineage 
represents Anatosaurus copei only. This form will be redescribed as 
a new genus elsewhere. All other species of Anatosaurus are 
considered junior synonyms of Edmontosaurs regalis and E. 
edmontoni. There is a distinct possibility that these two species may 
be male and female respectively. Bactrosaurus, Jaxartosaurus and 
their descendants are lambeosaurines—all other genera are 
hadrosaurines. Tsintaosaurus is transferred from the hadros- 
aurines to the lambeosaurines based on postcranial studies and the 
presence of a hollow crest. I follow Dodson"? in considering 
‘procheneosaurs’ as juvenile forms of Corythosaurus and 
Lambeosaurus. Cheneosaurus is certainly a juvenile Hypacro- 
saurus. Brachylophosaurus is transferred from the Sauroplophus 
lineage to the Hadrosaurus (Kritosaurus) lineage based on post- 
cranial and cranial evidence. 


Lambeosaurinae. The Hadrosaurinae are characterised by: 
relatively low sacral neural spines with a length/width ratio less 
than 4.5; ventrally grooved sacral centra; long gracile limb 
elements, non-footed ischium; prepubis with a long thin neck; 
ilium length/height ratio averaging 4.4; convoluted or slightly 
expanded pre-maxilla; long straight mandible; solid narial crests 
(where present). The Lamebosaurinae are characterised by: 
relatively high sacral neural spines with a length/width ratio 
greater than 4.5; ventrally ridged sacral centra; shorter and 
more robust limb elements; footed ischium; prepubis has a 
short, thick neck; ilium length/height ratio averages 5.4; greatly 
expanded premaxilla; shorter and anteriorly decurved man- 
dible; hollow narial crests present. Most, if not all, genera in 
both subfamilies are monospecific. Evidence based on post- 
cranial studies* suggests that the Saurolophinae should be 
included in the Hadrosaurinae. 

The three pivotal genera in this report are Secernosaurus 
koerneri (new genus, new species) from Argentina, and 
Gilmoreosaurus mongoliensis (new genus, new combination) 
and Bactrosaurus johnsoni’ both from Mongolia. All three 
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genera display a primitive grade of organisation reminiscent of 
their iguanodont ancestry. Secernosaurus is the second most 
primitive hadrosaur known. It is only the second hadrosaur 
reported from Gondwanaland" and the first to be of diagnostic 
value (the first was by R. Casamiquela .. The unique features of 
its ilium justify a new genus: 


Class, Archosauria 
Order, Ornithiscnia 
Family, Hadrosauridae 
Subfamily, Hadrosaurinae 
Secernosaurus (new genus) 


Holotype: FMNH P13423, two ilia, prepubis, scapula, fibula, 
caudals and partial braincase. Coliected in 1923 by J. B. 
Abbott for the Field Museum of Natural History in Chicago. 
Horizon: San Jorgé Formation, Rio Chico, Patagonia, 
Argentina. 

Age: Upper Cretaceous. 

Etymology: generic name from tke Latin secermo which 
means to sever or divide, referrirg to its non-Laurasian 
origin. 

Diagnosis: postacetabular process of ilium greatly deflected 
dorsomedially and elongate, unlike any hadrosaur or 
iguanodont. Preacetabular process of ilium deflected 
ventrally at an angle greater than in Hadrosaurus (Fig. 2). (1 
follow Baird and Horner’ in recognising Hadrosaurus as the 
senior synonym of Kritosaurus.) Antitrochanter relatively 
smaller than in any hadrosaur of the same size. 


Secernosaurus koerneri (mew species) 


Diagnosis: same as for genus. 
Etymology: specific name after Dr Harold E. Koerner, pro- 
fessor emeritus, University of Colorado. 


Gilmoreosaurus is the first representative of the Hadrosaurinae 
in Asia. It was originally described as a new species of the genus 
Mandschurosaurus’ but this genus was proved to be a nomen 
dubium*. The species, however, contains many features that are 
partly iguanodont and partly hadrosaurine, hence it is appro- 
priate to recognise this form as a valid genus: 


Gilmoreosaurus (Mandschurosaurus) mongoliensis 
(new genus, new combination) 
Holotype: redesignated American Museum of Natural 
History 6551. 
Horizon: Iren Debasu Formation, Cenomanian? 
Diagnosis: same as origin^' description for species’ 
Etymology: after Charles W. Gilmore, the original author 


Bactrosaurus, the first known lambeosaurine, occurs with 
Gilmoreosaurus in the same formation. The two subfamilies 
(Lambeosaurinae and Hadrosaurinae) are already separate at 
this time, which would put the origin of the family some time in 
the Middle Cretaceous. 





Fig. 2 Secernosaurus koerneri (new genus and species). Holotype 
FMNH P 13423. Right ilium and left prepubis in lateral view 
Length of ilium between perpendiculars is 533 mm 








| 








Fig. 3 Palaeogeographic reconstruction of the continents during 
the Turonian Transgression. Based on Tedford” and Smith and 
Briden!!. 

Hadrosaurs"'" are considered to have originated in Asia 
where Probactrosaurus, an iguanodont and probable ancestor, 
has been found. The predominance of primitive hadrosaurs and 
advanced iguanodonts in Laurasia does not necessarily imply 
that the family originated there. The fossil record only indicates 
that by the Mid Cretaceous, hadrosaurs were present in both 
Laurasia and Gondwanaland, and that they had differentiated 
into two subfamilies. Dispersal between South America and 
Laurasia could have been by way of Africa or North America 
(Fig. 3). Most workers?" believe that Africa was isolated from 
South America sufficiently early so as not to have been involved 
in the Upper Cretaceous dispersal of marsupials, so that dis- 
persal must have occurred by way of North America. The two 
possible links with South America were through Panama or the 
Caribbean arc. Both hadrosaurs and ceratopsians"? are found in 
South America and so the route used must have been a major 
land connection at some time because both groups consist of 
large terrestrial vertebrates not subject to waif dispersal or 
rafting. Dispersal is not considered to have occurred after the 
Late Cretaceous transgression, because Santonian hadrosaurs 
were already advanced (derived) beyond the Secernosaurus 
grade of evolution. 

It is possible that the presence of hadrosaurs in Laurasia and 
Gondwanaland represents vicariance rather than dispersal; if so, 
hadrosaurs would be expected to occur on most continents. 
Their absence in India and Australia, where Upper Cretaceous 
deposits with vertebrates are known, indicates otherwise. This, 
however, is negative evidence and disprovable. Until hadrosaurs 
are found in India and Australia, the dispersal model is to be 
favoured. 

I thank J. T. Gregory, D. A. Lawson, J. R. Bolt, S. P. Welles, 
R. A. Long, R. T. Bakker, G. Paul, S. Stanley and W. Pitman for 
their help. 

M. K. BRETT-SURMAN 


Department of Earth and Planetary Sciences, 
The Johns Hopkins University, 
Baltimore, Maryland 21218 


Received 9 June; accepted 6 December 1978. 


. Kauffman, E. G. The Mountain Geologist 14, 75-99 (1977) 

. Tedford, R. H. Soc. Econ. Paleo. Min. Spec. publ. No. 21, 109-126 (1974) 

. Bakker, R. T. Nature 238, 81-85 (1972). 

Brett-Surman, M. K. thesis, Univ. Calif. (1975). 

Ostrom, J. Н. Bull. Am. Mus. nat, Hist. 122, 35-186 (1961). 

Lull, R. S. & Wright, N. E. G. S. A. Spec. pap. No. 40 (1942). 

Gilmore, C. W. Bull. Am. Mus. nat. Hist. 67, 23-78 (1933) 

Casamiquela, R. Ameghiniana 9, 285-309 (1964). 

Baird, D. & Horner, J. New Jers. Acad. Sci. Bull. 22, 50 (1977) 

Rozhdestvenskii, A. K. Int. Geol. Rev. 9, 556-566 (1967) 

Smith, A. G. & Bride^, J. C. Mesozoic and Cenozoic Paleocontinental Maps (Cambridge 
University Press, 1977) 

2. Von Huene, F. Revista De Museo De La Plata (1929). 

13. Dodson, P. Syst, Zool. 24, 37-54 (1975), 


ПБ уюоюмтмьыы ~ 


0028-0836/79/0277—0562$01.00 


Nature Vol. 277 15 February 1979 








Kanamycin-resistant $cenedesmus 
obliquus showing simultaneous 
resistance to other antibiotics 

and polychlorinated biphenyls 


WE have been studying the effects of polychlorinated biphenyls 
(PCBs) and DDT on several planktonic algae, and report here 
that we have isolated a kanamycin-resistant strain of 
Scenedesmus obliquus which shows simultaneous resistance to 
other antibiotics, PCBs and Cetavlon (ICI), a quaternary 
ammonium compound with algicidal properties’. This novel 
Observation suggests a possible genetic control of sensitivity to 
PCBs in Scenedesmus. 

S. obliquus (UTEX 2015) was one of the test organisms and 
was obtained as an axenic culture. This strain was grown mixo- 
tropically in liquid TAP (Tris—acetate-phosphate)* and when 
phototrophic growth was being tested acetate was omitted from 
the medium, which was then a minimal TAP (M-TAP). S. 
obliquus was able to grow on M-TAP in light, thus confirming it 
to be a phototrophic strain. Agar plates were prepared by adding 
1.5% of agar (Difco) to the liquid medium. Required concen- 
trations of antibiotics were filter sterilised and added just before 
the plates were poured. To test for sensitivity or resistance to 
antibiotics, 0.1 ml of a S. obliquus culture containing 1x10" 
cells ml’ was spread on TAP- and M-TAP-containing antibio- 
tic plates. The plates were incubated for a week in a growth 
cabinet at 22°C with continuous illumination. Growth was 
determined visually. 

The control plates without antibiotics showed a heavy growth 
in the form of a continuous green lawn; there was no comparable 
growth on antibiotic-containing plates. Thus, we concluded that 
S. obliquus was sensitive to kanamycin (100 ug ml‘), chloram- 
phenicol (50 pg ml !), streptomycin (300 ug ті!) and tetra- 
cycline (50 ug ml '). However, when these plates were held at 
22°C for 1 month, we found 7-8 discrete, actively growing 
colonies on each of the kanamycin-treated plates only. These 


Total cell no. per ml 





0 l 2 3 4 0 1 2 3 + 


Culture time (4) 


Fig. 1 Effects of PCBs (Aroclor 1242) and Cetavlon on the 

growth of S. obliquus (a) and kanamycin-resistant S. obliquus (b). 

Cells were grown in liquid TAP and total cell number represents 

viable cell counts within a 90% confidence level. @, control; A, 
5 p.p.m. Aroclor 1242; W, 5 p.p.m. Cetavlon. 
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colonies were isolated and named 2015-kr (kanamycin resis- 
tant) cells of S. obliquus, and cells from each colony were tested 
separately on TAP plates containing various antibiotics. The 
progeny of each colony showed similar results and so were 
treated as a single resistant strain for further experiments. When 
these presumptive mutants were tested on kanamycin, strep- 
tomycin, chloramphenicol and tetracycline plates, they all 
showed simultaneous resistance on TAP plates. The property of 
simultaneous resistance had become a permanent feature; this 
was confirmed by repeated tests on antibiotic-containing plates. 
Surprisingly, 2015-kr cells failed to grow when plated on TAP 
media without acetate (M-TAP) supplied with the antibiotics, 
although the original strain could grow equally well on M-TAP 
or TAP. 

Examination under the optical microscope showed these cells 
(2015-kr) to be smaller and more round than the parental strain, 
and lacking coenobia, characteristic of Scenedesmus. However, 
to prove that these were a true derivative of Scenedesmus and 
not a contaminant of another alga, we grew this strain on several 
different media including some which were unfavourable for 
active growth of S. obliquus. In one such medium, proteose agar, 
the resistant cells did not show active growth but did produce 
typical Scened-smus morphology’. The identity of these cells 
was then independently confirmed as Scenedesmus. 

Previously, Scenedesmus (2015) was found to be sensitive to 
PCB at 0.25 p.p.m. and to an algicide, Cetavion, at the 1 p.p.m. 
level. When the kanamycin-resistant variety was tested on these 
chemicals it was found to be resistant above the 5 p.p.m. level, a 
concentration lethal for the parent strain (Fig. 1). 

The fact that 2015-kr cannot grow on the M-TAP containing 
antibiotics suggests that the genes affected here are possibly 
chloroplastic. However, both the parental strain and 2015-kr 
could grow on M-TAP without antibiotics; this indicates that S. 
obliquus was phototrophic whereas 2015-kr behaved as an 
obligate heterotroph in the presence of antibiotics. Extensive 
work on the inheritance of antibiotic resistance involving 
chloroplastic genes has been carried out in Chlamydomonas 
reinhardtii ™® >, where it was shown that many of the mutations 
conferring antibiotic resistance were present in clusters in 
chloroplastic DNA. Streptomycin has been used as a selective 
agent to isolate resistant strains to other antibiotics in C. rein- 
hardtii and these mutations were also mapped as chloroplast 
mutations’. However, C. reinhardtii possesses a sexual cycle 
which enables easy differentiation between nuclear and cyto- 
plasmic genes, whereas Scenedesmus reproduces asexually and 
so it is not possible to carry out genetic crosses. Although there is 
one report of sexuality? in Scenedesmus, it has not yet been 
confirmed. 

Our previous studies on Chlorella and Spirodella ^" in rela- 
tion to their sensitivity to PCBs showed that photosynthesis was 
inhibited by these chemicals. Sensitivity to PCBs could be 
decreased by addition of a supplementary carbon source to the 
medium which allowed the cells to by-pass the inhibitory effects 
of PCBs (in preparation). We believe this to be the first report of 
an alga, previously sensitive to PCBs and several antibiotics 
known to affect chloroplast ribosome synthesis, which has 
acquired simultaneous resistance to all these chemicals. This 
suggests that, for Scenedesmus at least, responses to environ- 
mental pollutants such as PCBs can be controlled by specific 
genes similar to those conferring antibiotic sensitivity. These 
genes seem to be located in the chloroplast, but the possibility of 
their being nuclear genes concerned with the function of cyto- 
plasmic organelles is not ruled out. 

More recently, we have been able to repeat the isolation of 
kanamycin-resistant Scenedesmus cells; S. obliquus will 
apparently produce approximately one resistant cell per 5 x 10? 
cells, but this mutation only occurs on kanamycin plates when 
grown over a period of 1 month. These new isolates are under 
further investigation. 

This work was supported by a grant from NZ Water and Soil 
Conservation. I thank Dr G. MacRaild for the identification of 
Scenedesmus, Dr J. R. L. Walker for advice on the manuscript 
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and Mrs. G. Evans for technical assistance. S, obliquus was 
obtained from the University of Texas. 


H. K. MAHANTY 
Botany Department, 
University of Canterbury, 
Christchurch, New Zealand 


Received 18 October; accepted 27 December 1978. 


Sagar, R., Cytoplasmic Genes and Organelles (Academic, New York, 1972). 

Walker, J. R. L. & Evans, S. Mar. Pollut. Bull. 9, 136-137 (1978). 

. Trainor, F. R. Can. J. Bot. 42, 515-518 (1964). 

Gresshoff, P. M. Aust. J. Pl. Physiol. 3, 457-464 (19763. 

Mahanty, Н. K. Bull. envir. Contamination Toxic. 14, 588-561 (1975). 

Mahanty, Н. K. & McWha, J. A. N.Z. J, Bot. 14, 9-12 (1976). 

. Mahanty, Н. К. & Fineran, B. A. N.Z. J. Bot. 14, 13-18 (1976). 

. Trainor, F. R. & Burg, C. A. Science 148, 1094-1095 (1965). 

. Schlanger, G., Sager, R. & Ramanis, Z, Proc. nam, Acad. Sei. U.S.A, 69, 3551-3555 
(1972). 

10. Conde, M. F. et al. Molec. gen. Genet. 140, 183-220 (1975). 

11. Blamire, J., Fletcher, V. R. & Sager, R. Proc. natn. Acad: Sei. U.S.A. 71, 2867-2871 (1974). 

12. Boynton, J. E., Burton, W. G., Gillham, N. W. & Harris E. H. Proc. nam. Acad. Sci, U.S.A. 

70, 3463-3467 (1973). 


CMD р шәт 








Ciliate protozoans as links in 
freshwater planktonic food chains 


THE potential importance of bacteria in freshwater planktonic 
food webs is recognised’, but the mechanisms of their 
incorporation are not fully known. Most planktonic bacteria are 
not attached to particles and are less than 1 wm (refs 2-4) in 
size—a range inefficiently filtered by crustacean zooplankton’. 
Daphnia and Diaptomus feed at lower rates on free living 
bacteria than on algae’. Bacterial food sources have been used 
with varying degrees of success to culture zooplankton '. 
These variations may be due to the unnatural range of concen- 
trations used and the uncontrolled effects of different culture 
media, laboratory strains and the degree of accessibility to the 
zooplankton (because of cell clumping and sedimentation). 
Ciliate protozoan microzooplankton may be important inter- 
mediaries which transform ultrafine organic matter, including 
bacteria, into a particle size range readily available to crustacean 
zooplankton. Here we present evidence that ciliates are cropped 
by crustacean zooplankton in the natural environment. We have 
also measured feeding, filtering, and assimilation rates of 
Daphnia magna on both a large and small ciliate in the labora- 
tory and have observed feeding behaviour directly, Dissolved 
organic carbon, bacteria, ciliate protozoans and crustacean 
zooplankton may represent a significant pathway of carbon flow 
in the freshwater plankton. 

Ciliate protozoa ingest bacteria in nature" and grow on them 
as a sole food source in the laboratory ^. Furthermore, field 
studies indicate that planktonic ciliates are actively preyed on in 
nature. Manipulations of crustacean zocplankton densities in 
enclosures of lake water!* reveal that ciliates, as well as algae, 
are reduced in abundance when crustacean zooplankton densi- 
ties increase (Table 1). In these field studies, remains of ciliates 
were found in the feeding appendages and gut contents of the 
copepod Cyclops scutifer. Other microzooplankton, the rotifers, 
were unaffected by manipulations of crustacea, indicating that 
they are not major links in this system. Similar reductions in 
protozoan numbers in the presence of marine copepods occur- 
red in laboratory studies’*. 

Feeding studies of Daphnia magna were made using the large 
ciliate Paramecium caudatum (70 х 200 um; volume 6.15 х 
10° рт?) and the small ciliate Cyclidium ginucoma (20 x 30 um; 
volume 6.54 x 10* um’). Protozoans were raised on suspen- 
sions of Enterobacter aerogenese. Bacteria were grown for 24 h at 
38°C in defined medium, and resuspended in Cerophyll to a 
final concentration of 1x10*cells ml". Protozoans were 
saturation labelled by incubating in this suspension for 7 d at 
24 °C. They were separated from the bacteria by geotaxis'^ and 
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Table 1 Effect of manipulations of crustacean zooplankton on algae 
and microzooplankton 





Levels of crustacean abundance* 


Absent Natural Enriched x? P 
Ciliates 35.0 25.0 12.0 22.167 J «0.001 
Total algae 35.0 24.0 13.0 20.167 <0.001 
Rotiferst 24.5 33.5 18.0 1.792 NS 





*Daphnia galeata mendotae, Diaptomus minutus, Cyclops scutifer, 
and Epishura lacustris were removed by filtration or enriched 8-fold in 
0.5 m? enclosures of lake water on 12 occasions throughout the year'*. 
Whole water was collected from the enclosures after 4 d, fixed with 
Lugol's iodide preservative and counted with an inverted microscope. 
Because of seasonal variations in abundance, data are reported as sums 
of ranks. Actual ciliate counts from natural epilimnetic lake water 
ranged from 0.3 ml”! to 9.0 ml^'. Ranks were summed for each level 
over the 12 dates and used to compute a Friedman x? with a critical 
value of 6.167 (P « 0.05). NS, not significant. 

t Keratella, Kellicottia and Conochilus. 


resuspended in filtered (0.45 ит Millipore), autoclaved 
aquarium water in which the experimental D. magna were 
raised. Protozoans were sized, counted in a Sedgewick-Rafter 
cell and diluted to a final concentration of 135 individuals ml! 
(0.985 pg dry weight m^!) for P. caudatum and 2.55 x 10? 
individuals mI! (0.823 ug dry weight ml!) for C. glaucoma. 
Both concentrations are above the incipient limiting concen- 
tration for D. magna and thus feeding rates were maximised. 

Observations of D. magna feeding on individual P. caudatum 
were made using an inverted microscope (Zeiss) with 10x 
eyepieces and a 63-mm Luminar objective permitting a working 
distance of 6.0 cm and a 2.0-mm depth of field. Live D. magna 
were suspended in a large volume feeding chamber (5x5 х 
5 cm) by attaching the head shield to a fine glass rod tipped with 
silicone grease. This is an improvement over previous methods 
of observing compressed Daphnia, as it allows free circulation of 
feeding currents and unobstructed movements of the abdomen, 
swimming appendages and carapace. 

The bacterium Enterobacter aerogenes assimilated the '“С- 
labelled glucose and served as a food source for the protozoans 
which incorporated the label. D. magna, in turn, assimilated this 
carbon from the protozoans it ingested. Filtering rates of 
D. magna fed on either protozoan showed a positive linear 
relationship to body size (Fig. 1). D. magna ingestion, filtering, 
and assimilation rates were higher when fed the smaller pro- 
tozoan, C. glaucoma, which is in the size range of many algae, 
than when fed the large P. caudatum (Table 2). Ingestion and 
filtering rates on both protozoa were lower than rates measured 
in similar conditions on algae, although the assimilation 
efficiencies were comparable". 





Table 2 Mean ingestion rates, assimilation rates, and assimilation 
efficiencies for Daphnia magna fed on Paramecium caudatum and 
Cyclidium glaucoma 





Ingestion Assimilation 
Food rate* rate* Assimilation 
organism X ts.e.m. N X ts.e.m. N efficiency 


P. caudatum 0.1785 ::0.0335 5 0.1166+0.0103 4 65% 
C. glaucoma | 0.4793270.0110 5 0.3161+0.0303 4 66% 





Ingestion and assimilation rates were measured by adding 25-35 
D. magna to replicate 300ml BOD bottles containing protozoan 
suspensions and measuring radioactive uptake in 15 min and incorpora- 
tion during 1 h (ref. 17). D. magna of comparable body sizes were used 
to measure ingestion rates and assimilation rates for the two species of 
protozoa. Assimilation efficiencies are calculated as the per cent of the 
material ingested that is assimilated. 

*Ingestion rates (г = 2.608, P<0.025) and assimilation rates (f= 
6.232, P< 0.001) were significantly different for the two protozoa. 

Rates are expressed as pg dry weight of food per animal per hour. 

Abbreviations: £, mean; s.e.m. standard error; N, No. of replicates. 
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Observations of Daphnia magna feeding on P. caudatum 
indicated that only some of the protozoans that entered the 
filtering current were brought inside the carapace and into 
the food groove. These were broken up by the movement 
of the thoracic appendages, labrum, and mandibles and ingested 
with some loss of material. This slovenly feeding in Daphnia is 
analogous to loss of food material in the mouth parts of other 
planktonic crustacea'*. This confirms the interpretation of 
observations made of animals feeding on large or elaborately 
shaped algal cells and colonies '?; food particles, with dimensions 
larger than the maximum size of rigid spherical particle (38 um 
for D. magna)" that can be ingested whole, can be manipulated 
and ingested but with reduced efficiency. Measured filtering 
rates of these particles will be less than the actual rate at which 
water passes through the filtering apparatus because of rejection 
of particles that clog the filtration apparatus and loss of material 
broken up during filtration. The upper and lower limits to the 
particle size ranges available to Daphnia are thus not absolute. 


1.00 


Filtering rate (ml per animal per h ) 





L5 2.0 2.5 3.0 


Body length (mm) 


Fig. 1 Filtering rates of Daphnia magna on the small ciliate 
(20x 30 рт, Cyclidium glaucoma (Bb, and the large ciliate (70x 
200 um), Paramecium caudatum (@). 


Rather, there is a decrease in handling efficiency as particles 
move away from an optimal size range. Optima for different age 
classes and species may be the mechanisms by which zooplank- 
ton divide up food resources. Behavioural changes may allow 
individuals to shift optima to accommodate different food 
particle spectra. 
Studies of ciliates feeding on bacteria suggest that a minimum 
concentration of approximately 10° bacteria ml ' is necessary 
for growth and reproduction of protozoans?'?, Nominal 
concentrations of bacteria in lakes range from 10° to 10° mt^! 
(ref. 2). During the declining phase of algal blooms, however, 
bacterial production is elevated and high concentrations of 
ciliates (10° mI!) have been observed". Protozoans may also be 
concentrated in zones near the metalimnetic boundaries, at 
chemoclines, and above the sediments"*. If these organisms are 
cropped by larger zooplankton, as our field and laboratory 
experiments suggest, then they represent, at least temporally, an 
important mechanism by which DOM, bacteria, and ultrafine 
detritus enter planktonic food chains. 
This work was supported by an NSF grant (DEB77-25354). 
We thank S. Allen and T. Nerad for bacterial and protozoan 
cultures and L. Hewitt and T. Montgomery for research assis- 
tance. 
KAREN G. PORTER 
MICHAEL L. PACE 
JAMES F. BATTEY 

Department of Zoology and Institute of Ecology. 

University of Georgia, 

Athens, Georgia 30602 


Nature Vol. 277 15 February 1979 


Received 2 October; accepted 27 November 1978. 


Overbeck, J. Mitt, Internat. Verein. Limnol. 20, 198-228 (1974). 

Hobbie, J. E., Daley, R. J. & Jasper, S. Appl. environ. Microbiol. 33, 1225-1228 (1977). 

Wiebe, W. J. & Pomeroy, L. R. Mem. Inst. Ital. Idrobiol. 29 Suppl. 325-352 (1972). 

Azam, F. & Hodson, R. E. Limnol. Oceanogr. 22, 492-501 (1977). 

Jorgensen, C. B. A. Rev. Physiol. 37, 57-79 (1975). 

Malovitskaya, L. M. & Sorokin, Y. I. Tr. Inst. Biol. Vodokhr. 4, 262-272 (1961). 

Peterson, B. J., Hobbie, J. E. & Haney, J. Е. Limnol. Oceanogr. 23, 1039-1044 (1978). 

. Tezuka, Y. Jap. J. Ecol. 21, 127-134 (1971). 

. Tezuka, Y. Int. Revue ges. Hydrobiol. 589, 31-37 (1974). 

10. Seki, H. Mem. Inst. Ital. Idrobiol. 29 Suppl., 245-259 (1972). 

11. Heinle, D. R., Harris, R. P., Ustach, J. F. & Flemer. D. A. Mar. Biol. 40, 341-353 (1977). 

12. Fenchel, T. Ophelia 5, 73-121 (1968). 

13. Curds, C. R. & Cockburn, A. J. gen. Microbiol. $4, 343-358 (1968). 

14. Porter, К. G. Nature 244, 179-180 (1973). 

15. Berk, S. G., Brownlee, D. C., Heinle, D. R., Kling, H. J. & Colwell, R. R. Microb. Ecol. 4, 
27-40 (1977). 

16. Allen, S. L. & Nerad, T. A. J. Protozool. 25, 134-139 (1978). 

17. Porter, K. G. Science 192, 1332-1334 (1976). 

18. Dagg. M. J. Ecology 55, 903-906 (1974). 

19. Porter, K. G. Am. Sci. 65, 159-170 (1977). 

20. Burns, C. Limnol. Oceanogr. 13, 675-678 (1968). 

21. Hamilton, R. D. & Preslan, J. E. J. exp. mar. Biol. Ecol. 5, 94-104 (1970). 

22. Berk, S. G., Colwell, R. R. & Small, E. B. Trans. Am. microsc. Soc. 98, 514-520 (1976). 

23. Sorokin, Y. I. & Paveljeva, E. B. Hydrobiologia 40, 519-552 (1972). 

24. Hutchinson, G. E. A Treatise on Limnology Vol, 2 (Wiley, New York, 1967). 


CRI ш кюю 








Low levels of fixed nitrogen required for 
isolation of free-living 
N;-fixing organisms from rice roots 


ISOLATION and counting of N;-fixing bacteria from the natural 
environment have until now been conducted on selective N-free 
media. It is likely that some N;-fixing bacteria are overlooked by 
using this procedure. We now report that most of the bacteria 
present in rice roots are N;-fixers, but that they require a supply 
of mineral or organic N for growth. In the presence of organic 
nitrogen, nitrogenase activity is detected in these organisms. 
The requirement for organic nitrogen for the detection of 
nitrogenase is also true for N;-fixing cultures of free-living 
rhizobia’?. 

Rice plants (IR26) were dug out from an unfertilised wetland 
rice field and the roots were washed to remove soil. The washed 
roots were cut into segments and shaken vigorously with glass 
beads to remove rhizoplane bacteria. After several washings the 
root fragments were macerated to provide a suspension of ‘inner 
rhizoplane' bacteria. The lower portion of the stem was also 
blended to make a suspension of bacteria living in or on the 
stem. Suspensions were made in sterile tap water and diluted 
without exclusion of oxygen. Diluted suspensions were spread 
on tryptic soy agar (0.1% Difco tryptic soy broth and 1.5% 
Noble agar), a medium used for counting aerobic heterotrophs’. 
The population of heterotrophic aerobic bacteria per g fresh 
weight sample was 2.3 х 10° organisms for rhizosphere soil, 
1.2x 10? for stem, 1.5x 10 for rhizoplane, and 1.1x 10? for 
inner rhizoplane. 

Colonies from each fraction were selected and tested for 
nitrogenase activity using the acetylene reduction assay. 
Acetylene reduction activity (ARA) was measured for a 24-h 
period after 3 days growth at 35 °C on semi-solid glucose yeast 
extract medium (in g I~’: 5.0 glucose, 0.1 Difco yeast extract, 0.5 
К,НРО,, 0.04 FeSO,- 7Н,О, 0.2 MgSO,-7H20, 0.0059 
NaMoO, : 2Н,О, 0.2 CaCl; · 2Н,О; in mgl’: 0.15 Н,ВО,, 
0.11 ZnSO, - 7H;0, 0.07 CoSO, - 7H;0, 0.005 CuSO, - 7H20, 
0.004 MnCl, : 4H;O, pH 7.0, and Difco Noble agar 1.75 g^). 
The percentage of bacterial isolates proving nitrogenase positive 
(more than 6 nmol C;H, per tube) was 8196 (95/117) for inner 
rhizoplane bacteria, 7695 (19/25) for rhizoplane bacteria, 
37.596 (9/24) for bacteria from the stem, and 2.496 (1/41) for 
rhizosphere soil bacteria. 

Because of the high percentage of inner rhizoplane isolates 
showing nitrogenase activity, the nutritional requirement of 
bacteria of the most predominant colony type (about 9096 of 
nitrogenase positive isolates) was studied further. None of the 
isolates could grow on nitrogen-free basal medium (glucose 
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mineral salts). The majority (31 of 40) grew on basal+ 
ammonium medium (МНС! 61 mg! ), but the growth was 
much poorer than on basal medium supplemented with 
casamino acids (vitamin-free, Nutritional Biochemicals) or yeast 
extract (0.1217). 

For isolates that grew best on basa! medium plus casamino 
acids, nitrogenase activities were measured after 3 days of 
growth on various semi-solid media (Table 1). Activities were 
high in the presence of casamino acids but a vitamin mixture 
only slightly stimulated activity. No activity was detected in 
N-free medium or ammonium-supplemented medium. Each 
amino acid was tested individually and all could support growth 
and nitrogenase actvitity. 





Table 1 Acetylene-reducing activity of inner rhizoplane isolates in 
semi-solid media 





CHa 
produced 
{nmol per 
Medium tube per day) 
Expt 1 (28 isolates tested) 
Basal (glucose + mineral salts) 0 
Basal + yeast extract (0.1817!) O7 +11 
Basal + NH4CI (16 mgN1 ') 0 
Basal + casamino acid (0.1 g 1^!) 96418 
Basal + glutamic acid (0.1 g 1!) 3948 
Expt 2 (29 isolates tested) 
Basal + yeast extract 219417 
Basal + casamino acid 144413 
Basal + glutamic acid 120222 
Basal + yeast extract + succinic acid (10 mM} 202214 
Expt 3 (29 isolates tested) 
Basal + casamino acid 22227 
Basal+ vitamin mixture* 5824 
Basal + vitamin mixture + casamino acid 251413 





*Vitamin mixture: vitamin B12, 0.015 uM; p-aminobenzoic acid, 
nicotinic acid, biotin, riboflavin, pyrodoxine, folic acid, and Ca-panto- 
thenate, all 0.8 uM. 


The extent of inhibition of nitrogenase activity in the presence 
of oxygen was determined. When initial po, was 0.01 atm, 
nitrogenase activity was maximal while at po, 0.2atm and 
0.05 atm, nitrogenase activity was not detected. In anaerobic 
(ро, < 0.001) culture, slight activity of nitrogenase was detected. 
Like other aerobic N;-fixing bacteria, such as Azospirillum, 
these bacteria require microaerophilic conditions for the 
expression of nitrogenase. 

To confirm N;-fixing activity a gas mixture composed of 2096 
ISN, (98 atom 96 excess), 1% O2, 79% Ar was introduced into 
4-day static bacterial cultures on basal medium plus glutamate 
(0.1217!) and grown for the following 24 h at 35°C. The two 
isolates used for the analysis incorporated 0.18-0.25 atom 96 
excess into cellular nitrogen. Azospirillum lipoferum (SpBr17), 
which was used as a positive check strain, showed a higher rate of 
incorporation (1.16 atom 96 excess). Excretion of fixed nitrogen 
into the medium was negligible in all cases. 

Nitrogenase-positive isolates from the inner rhizoplane were 
all small rods (0.5 x 2.6 дтп), Gram-negative, catalase and oxi- 
dase positive, lacked cellular motility, and produced acid from 
lactose, sucrose, and glucose without gas formation and reduced 
nitrate. Thus these isolates resemble Achromobacter^^. The 
only known N;-fixing isolate of this genus was reclassified as 
Klebsiella pneumoniae’. 

A possible explanation for the inability of the isolates to grow 
on nitrogen-free media is that the nitrogenase activity (as 
measured by "N experiments) is too low. A low oxygen concen- 
tration produced in the presence of greater cell mass might be 
more favourable for nitrogenase production, however. The 
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oxygen factor is another possible explanation of the growth 
characteristics. Free-living N;-fixing rhizobia? are unable to 
grow on N-free media because they cannot assimilate fixed 
nitrogen: this is probably not the case for our root isolates as 
excretion of fixed nitrogen into the medium was negligible. We 
have not yet studied the role of amino acids in nitrogenase 
induction. 

The use of nitrogen-containing media for the isolation of 
nitrogenase-positive bacteria could reveal a much higher 
incidence of nitrogenase genes in prokaryotes than was pre- 
viously suspected. 

This work is supported by UNDP fund. We thank Dr O. Ito 
for "N analysis and Dr J. Dóbereiner for the Azospirillum 
strain. 
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Postnatal cerebellar cells of 
staggerer mutant mice express 
immature components on their surface 


'THE histogenesis of the central nervous system is controlled, in 
part, by a defined sequence of cell-surface interactions'?. Cell- 
surface carbohydrates are prominent constituents of the exter- 
nal faces of plasma membranes"? and are thought to be 
important to biological recognition®’. Recently, it has also been 
shown that some cell-surface carbohydrates change during the 
first 2 d after birth, an important period in development of the 
mouse cerebellum??. Certain neurological mutations have been 
shown to express defects in positioning of particular cell types at 
various stages during cerebellar histogenesis^!' ?. One of the 
most interesting of these is the staggerer (sg) mutant’*. In this 
disorder granule cells degenerate after they have migrated into 
position in the granular layer. Before this expression of the 
disorder, the sites of synapse formation between the parallel 
fibre axons of granule cells and the dendrites of Purkinje cell 
neurones fail to form; in fact, even the tertiary branchlet spines, 
the potential postsynaptic sites, do not form ^^'^. Even at birth, 
before obvious expression of the Purkinje cell defect, external 
granule cells of sg exhibit a reduced proliferative rate which 
results іп a reduced number of external granule cells??. 

In this report, antibodies specifically directed against micro- 
bial polysaccharides have been applied as carbohydrate probes 
to developing cerebellar cell populations in vitro. Anti-menin- 
gococcus type-B polysaccharide antibodies (anti-B) (antigenic 
determinant neuraminic acid) preferentially react with pre- and 
neonatal cerebellar cells of C57BL/6J mice, but do not react 
with 7-d-old (P7) cells. Anti-a-1,6-mannan antibodies, on the 
other hand, react with both prenatal and postnatal cerebellar 
cells. Comparable results have been obtained with lectins as 
surface carbohydrate probes'?. Agglutination of cerebellar cells 
with concanavalin A and wheatgerm agglutinin decreased from 
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Fig. 1 Inhibition of fibre formation in microwell cultures of 


7-d-old sg/sg cerebellum in the presence of various dilutions of 
anti-meningococcus type-B antibodies (anti-sialic acid) (B). The 
inhibition was overcome when antibodies were incubated over- 
night with 10 pg of meningococcus type-B polysaccharide before 
adding the antigen-antibody complex to the culture (1.73). Normal 
rabbit serum did not inhibit fibre formation (). The numbers 
plotted represent the mean of three experiments of the total 
number of fibres in six microwells. 


embryonic day 13 (E13) to postnatal day 7 (P7). Using anti-B 
and anti-a-1,6-mannan antibodies to determine the dis- 
tribution of their respective antigens on the surface of +/+ and 
sg/sg cerebellar cells ín vitro, we found that P7 sg/sg cell 
cultures express immature cell-surface carbohydrates. 

The present work is one step in a study to determine whether 
the defect in some of these neurological mutants might be in 
cell-surface constituents and whether their alterations might 
affect the sequence of cell-cell interactions required to generate 
functional connections in the developing cerebellum. 

A microwell tissue culture system, in which cells show certain 
behaviours reminiscent of in vivo cerebellar development’', was 
used to determine anti-carbohydrate antibody reactivity. This 
system allows the assay of differential cell assembly, migration 
and fibre outgrowth. The large number of very reproducible 


Table 1 Fibre outgrowth in microwell cultures of 7-d-old sg/sg and 
+/+ cerebellum in the presence of anti-carbohydrate antibodies 





No. of fibres in 6 microwells 
96 96 


Expt Antibody Dilution +/+ Inhibition sg/sg Inhibition 


1 Rabbit serum 1:50 180 193 
2 178 169 
3 222 176 
] Anti-B 1:200 162 10 16 92 
2 148 17 12 93 
3 195 12 38 78 
1 Anti-a-1,6- 1:300 14 92 129 33 
mannan 
2 2 99 118 30 
3 8 96 108 39 





A single-cell suspension (1x 107 cells ті!) of 7-d-old +/+ and 
sg/sg cerebellum, respectively, were plated at 5 ul per microwell, and 
5 ш of antibody dilution in medium then added. Fibre formation was 
scored in six microwells after 2 d in vítro using a phase contrast light 
microscope. The variation among cultures was determined as +20%. 
The data represent the total number of fibres in six microwells obtained 
in three different experiments. The number of fibres obtained in cultures 
containing rabbit serum were used as standard for 100% fibre formation 


per experiment. 
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cultures obtained from each cerebellum provides a statistically 
suitable assay system for study of the functional effect of 
reagents that bind to specific cell-surface components. The 
number of fibre cables formed between cell aggregates was 
determined in the present study as a quantitative assay for 
antibody reactivity. 

sg/sg Mutant mice were obtained on an inbred background 
(C57BL; *dse/sg**) as bred in our own colony. P7 cerebella of 
sg/sg and +/+ (dse/dse) were removed and dissociated into 
single cells as described elsewhere*'. Single-cell suspensions 
contained 2-3 х 10° (sg/sg) and 1-210’ (+/+) cells per 
cerebellum. Cells were cultured in basal Eagle’s medium, 
supplemented with 10% horse serum (Gibco) at a concentration 
of 5 x 10* cells per 10 ul per microwell. 








Table 2 Results of radioimmunoassay to determine cell-surface 
carbohydrate patterns in +/+ and sg/sg cerebellum 








Radioactivity (c.p.m.) 


Antibody Dilution +/+ 50/58 
Rabbit serum 1:50 20+5 15+7 
Anti-B 1:200 50+30 16,000 + 1,200 
Anti-B +10 ug 1:100 6515 220465 
meningococcus type-B 
polysaccharide 
Anti-a-1,6-mannan 1:300 12,000+300 2,550 275 
Anti-a-1,6-mannan 1:100 70+25 110435 


+40 pg A1,6-mannan 





P7 +/+ and sg/sg cerebellar cells were cultured as described in the 
legend to Table 1. After 16h in vitro, cultures were washed once in 
ice-cold phosphate-buffered saline (PBS). 5 ug of '**I-labelled purified 
goat anti-rabbit IgG antibodies (~8.5 x 10° c.p.m. per 14.5 mg goat IgG 
per ml) were added and cultures incubated at 4°C. After 2 h cultures 
were washed twice in 4°C PBS and once in 10% trichloroacetic acid. 
The tissue was then removed from the microwell and assayed for counts. 
Hapten inhibition was carried out as described in the legend to Fig. 1. 


The pattern of cell reorganisation in the microwell cultures 
into cell reaggregates and connecting fibre bundles was identical 
in sg/sg and +/+ cultures?'. This pattern of in vitro cell 
reorganisation was not unexpected, as in vivo histogenesis of sg 
cerebellum is not markedly perturbed as early as P7. Three assay 
systems were applied to characterise alterations of cell-surface 
determinants on sg/sg cerebellar cells in microwell cultures. 

First, the results in Table 1 demonstrate fibre formation in 
+/+ and sg/sg cerebellar microwell culture in the presence of 
anti-a-1,6-mannan and anti-B antibodies. (Previous studies 
have shown that these antibodies do not kill living cells*?.) Fibre 
formation in P7 +/+ cell cultures was inhibited 95% with a 
1:300 dilution of a-1,6-mannan antibodies, whereas the same 
antibody concentration inhibited only ~33% of fibres in sg/sg 
cultures. On the other hand, anti-B had little effect on P7 +/+ 
cultures (-- 1596), but inhibited fibre formation in sg/sg cultures 
up to 93%. The antibody reaction was polysaccharide specific, 
as 10 реті purified type-B polysaccharide inhibited the 
reaction (Fig. 1), whereas polysaccharides of other specificities 
(dextran, pneumococcus type C carbohydrate, a-1,6-mannan) 
had no effect (not shown). Anti-a-1,6-mannan antibody reac- 
tivity, on the other hand, was abolished after preincubation of 
antibodies with yeast Saccharomyces cerevisiae mutant X2180- 
1A-5. 

As discussed above, anti-B antibodies block fibre outgrowth 
in prenatal and neonatal but not P7 cell populations cultured in 
microwells*?. The inhibition by anti-B antibodies of fibre out- 
growth in sg/sg cell cultures suggests, therefore, that 7-d-old 
sg/sg cerebellar cells express immature cell-surface carbo- 
hydrates. Although cultures are unsuccessful with cerebellum 
from animals older than P7, preliminary immunohistological 
data show corresponding cell-surface alterations in cryostat 
sections of sg/sg cerebellum as late as P18 (ref. 22). 
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In addition to the expression of embryonic cell-surface 
determinants, alteration of surface characteristics are indicated. 
As shown earlier?, anti-a-1,6-mannar antibodies did not dis- 
criminate between cells of different age in microcultures of + / +. 
but inhibited only ~30% of fibre formation in sg/sg cultures. 
The cell-surface determinants expressed on sg/sg cerebellar. 
cells in vitro and in vivo resemble, therefore, not only immature 
surface antigens (as recognised by anti-B antibodies) but also 
constituents which seem to be structurally different from those 
expressed on +/+, as indicated by the loss of anti-a-1,6- 
mannan-specific antibody-binding sites. 

Alterations of cell-surface carbohydrate pattern were detec- 
ted also by a radioimmune assay using purified '**I-labelled goat 
anti-rabbit IgG antibodies to detect the anti-carbohydrate 
antibodies bound to the surface of either +/+ or sg/sg cere- 
bellar cells in vitro. The results shown in Table 2 confirmed those 
obtained from fibre outgrowth inhibition studies, in that alter- 
ation of cell-surface determinants on sg; sg cerebellar cellsarein 
part due to alterations in cell surface carbohydrate pattern 
accessible to antibody recognition. 

Further evidence for the expression of embryonic cell-surface : 
characteristics on postnatal sg/sg cells has been obtained by 
studies of the effect of epidermal growth factor (EGF) on P7 
sg/sg and +/+ cells cultured in mcrowells. As discussed 
elsewhere?, EGF stimulates E16-P1 astro- and oligoden- 
droglial cells to migrate out of reaggregates and to proliferate, 
but is without effect on cells older than P1. P7 sg/sg cells, 
however, respond to EGF at doses comparable to those required 
for E16-P1 +/+ cell response (1.5 ug ті ') by an increased 
migration and proliferation of glial cells. 

Further studies will be required to elucidate the significance of 
the expression of immature and/or altered cell-surface mole- 
cules to the sg/sg mutation, and, in particular, to determine the 
role of cell-surface carbohydrate in the abnormal cerebellar 
development of sg/5g. 
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Destruction of inferior olive induces 
rapid depression in synaptic 
action of cerebellar Purkinje cells 


THE climbing fibre afferents (CFAs) are a structure unique to 
the cerebellar cortex; they originate, presumably solely, from 
the inferior olive (IO) and make an extensive, excitatory synap- 
tic contact with dendrites of cerebellar Purkinje cells (P cells)’. 
The importance of the CFAs in cerebellar functions has been 
emphasised in connection with the learning process which may 
occur in the cerebellar cortex^?, and also in connection with the 
development and maintenance of normal dendritic structures of 
P cells^". An interesting recent finding is that after destruction 
of the IO electrical stimulation of the cerebellar cortex fails to 
elicit the normal inhibitory synaptic action of P cells on their 
target neurones in vestibular nuclei??. This not only urges 
reinterpretation of the symptoms arising from destruction of the 
IO!?!', but also raises a basic general problem of remote 
interaction in neuronal networks. Here, we report that the 
depression of the P-cell action develops unexpectedly fast 
following destruction of the IO, and also present evidence 
indicating that this remote effect is mediated largely by a non- 
impulse transmission process, presumably an axonal flow, in 
CFAs and P-cell axons. 

The vestibulospinal reflex system was chosen as the experi- 
mental material. The lateral vestibulospinal tract cells (LVST 
celis), located in the nucleus of Deiters, receive monosynaptic 
excitation from primary vesibular afferents’? and monosynaptic 
inhibition from P cells in the lateral zone of the vermis of the 
cerebellar anterior lobe! (Fig. 1a). These P cells in turn receive 
CFAs from the caudal portion of the dorsal accessory olive 
(CDAO)”. Sixteen adult albino rabbits were anaesthetised by 
a-chloralose plus urethane (60 and 400 mg per kg, respec- 
tively), immobilised by gallamine triethiodide, and artificially 
respired. The dorsal surface of the lower medulla was exposed 
by opening the atlanto-occipital membrane. A part of the IO 
was destroyed electrolytically by passage of 0.5 or 1.0 mA d.c. 
currents for 1 min through a metal electrode (Fig. 1a). Location 
of the metal electrode in the IO was monitored by observing 


Fig.1 Effects of destruction of, and local 
application of TTX to, the IO on P-cell 
inhibition of LVST cells. a illustrates 
schematically the experimental arrange- 
ments on a parasagittal section of the 
cerebellum and brainstem. PC, P cell; LV, 
LVST cell; LB, labyrinth; Sy, Se, So and 
R,, platinum-irridium needle electrodes, 
0.2 mm in diameter, lacquered except for 
the very tips. One needle of R, was 
inserted into the spinal cord, the other was 
placed on neck muscles. So was used for 
electrolytic destruction of IO. Му, М» and 
Ma, glass microelectrodes filled with 2 M 
NaCl solution and having electric resis- 
tance of 1.5-2.5 МО, M, and Мз were for 
recording from the cerebellar cortex and 
the nucleus of Deiters, respectively. M3 
was for examining antidromic activity of 
IO neurones under the influence of TTX; 
T, microsyringe containing 1.4 „М TTX- 
saline solution; R,, indifferent electrode. 
b Plots amplitudes of LVST-cell dis- 
charges evoked by testing stimulation with 
S, and recorded with R, (ordinate), rela- 
tive to their control size, as a function of 
the time interval between the conditioning 
stimulation with S; and the testing one 
(abscissa). Three sets of plotted points 
were obtained before (8), and 4(O) and 
12(A) h after IO destruction in the same 
experiment. c Plots the reduction in 
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effects of stimulation through it in evoking field potentials in the 
nucleus of Deiters or in the vermal cortex of the cerebellum, and 
was later confirmed histologically. 

Synchronised reflex discharges of LVST cells evoked by 
stimulation of the right labyrinth were recorded from the 
ventrolateral funiculus on the right side at the first cervical 
segment of the spinal cord’*. These discharges were effectively 
inhibited by conditioning stimulation with the cerebellar elec- 
trodes placed at a deep lamella of lobule IV or V (Fig. 1a), as 
plotted in Fig. 15 as a function of the conditioning-testing time 
intervals. As demonstrated previously! 5, this inhibition 
represents the synaptic action of P cells on LVST cells. After 
destruction of the CDAO, the intensity of the P-cell inhibition of 
LVST cells gradually became much smaller (Fig. 15). The time 
course of development of the depression is plotted in Fig. 1c for 
four experiments. In two control experiments, where lesions 
were placed in the rostral portion of the IO, leaving the CDAO 
intact, there was no depression in P-cell action such as seen in 
Fig. 1c( not shown). 

In two experiments, IO destruction was replaced by local 
application of tetrodotoxin (TTX), which blocks impulse 
conduction but not axonal flows!?. While 1 yl of saline solution 
containing 1.4 „М TTX was injected into the vicinity of the IO 
every hour or so, complete blockade of impulse activities in the 
IO was ensured by observing antidromic invasion of IO cells 
and/or trans-synaptic activation of P cells by stimulation of the 
IO. In both experiments, as demonstrated in Fig. 1d, TTX 
induced a rapid decline in the cerebellar inhibition but did not, 
however, reduce it to the extent seen after electrolytic IO 
destruction; instead, there was a partial recovery at 5-7 h after 
onset of TTX injection. This initial decline of the cerebellar 
inhibition was not reproduced by control injections of TTX-free 
saline solution, as shown by the broken line in Fig. 1d, and 
therefore apparently represents an effect specific to TTX. 

Destruction of the IO also affected activation of P cells by 
CFA impulses. In Fig. 2a, the prominent negativity recorded 
from the molecular layer of the vermal cortex of lobule V 
represents trans-synaptic activation of P cells by CFAs stimu- 
lated in their intracerebellar course’. When the CDAO was 
destroyed together with the caudal portion of the medial acces- 
sory olive which projects to the medial part of the vermis", the 
activation of P cells gradually became much less effective in a 


10 h 





LVST-cell discharges at the peak of the inhibition curves as in 6, relative to their control size, as a function of time. IO destruction ended at 0 h. Results from four 
animals are superimposed. d Is similar to c, except for TTX application. For the two cases plotted by О and @, times of TTX injection are indicated by A and A, 
respectively. The broken line is for the control case where normal saline solution was injected every hour starting at 0 h. 
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Fig. 2 Effect of IO destruction on CFA activation of P cells and electrical 
excitability of P-cell axons. a, Field potentials evoked by applying pulses of 
0.1-ms duration and 0.5-mA intensity through S, and recorded with М, (see 
Fig. 1a). Arrow marks the negativity representing activation of P cells by 
CFAs. b, Peak amplitudes for two animals plotted as a function of time 
before and after destruction of IO which ended at Ob. The broken line 
indicates CFA activation of P cells in the presence of TTX, as shown in Fig. 
1d (Ф. A). c, Field potentials evoked in the Purkinje cell layer by stimulation 
similar to а and recorded with M, optimally adjusted for recording anti- 
dromic activity of P cells (marked by an arrow). d, Field potentials evoked in 
the nucleus of Deiters by stimulation similar to a and с. а and В denote two 
spiky peaks. e, Plots amplitudes of antidromic activity of P cells (-À- and of 
a(@) and B(O) spikes, obtained from two animals as a function of time as in 
b. Records a, c and d were obtained by superimposing five successive sweeps 
repeated at a rate of 557°. For the measurement of these potentials for 
plotting in 6 and e, an average of over 20 successive sweeps was routinely 
done by use of a data processing computer (ATAC 501-10). Time scale 
indicated in d is 2 ms for a and 0.4 ms for c and d. Voltage scale is 1 mV fora 
and 0.4 mV for c and d. 


time course comparable to that for depression of the cerebellar 
inhibition of LVST-cells, plotted in Fig. 25 for two cases. Local 
application of TTX induced only a small, somewhat transient 
depression in the activation of P cells, as indicated by a broken 
line in Fig. 25. 

By contrast, the excitability of P-cell axons was not affected by 
IO destruction. As shown in Fig. 2c, cerebellar stimulation by 
electrode S, evoked a prominent negativity in the P-cell layer of 
lobule V which represented antidromic invasion of P cells. Field 
potentials similarly evoked but recorded from the nucleus of 
Deiters contained two spiky components of fast negativity (Fig. 
2d), the earlier a spike representing volleys evoked in cerebellar 
afferent fibres and the later 8 spike those in P-cell axons’. 
Except for relatively small changes presumably arising from 
inadvertent movement of the recording electrode relative to 
brain tissues, none of these potentials exhibited systematic 
change following destruction of the IO (Fig. 2e). 

The present investigation demonstrates that destruction of IO 
neurones causes a rapid failure in the excitatory transmission 
from CFAs to P cells and in the inhibitory transmission from the 
latter to LVST cells. These effects are specific to portions of the 
IO related to the vermal P cells and LVST cells, thus excluding 
the possible contribution of a nonspecific effect of damage to the 
medulla. As blockade of impulse activities of the IO with TTX 
produced only a relatively small, transient effect (Fig. 14d), the 
major effect of the IO destruction must be mediated by a 
non-impulse process, presumably an axonal flow in the CFAs. 
As impulse conduction in P-cell axons was not affected by IO 
destruction, it seems also that the postulated disturbance of 
axonal flow in CFAs affects the axonal flow in P-cell axons across 
CFA~P-cell synapses, eventually resulting in reduction of either 
release of the neurotransmitter, presumably GABA", from 
P-cell axon terminals, or postsynaptic reactivity to the neuro- 
transmitter. It may be that P-cell synapses on LVST cells are 
affected through collateral of CFAs directly innervating LVST 
cells in the manner of the heterosynaptic interaction (see Fig. 
la). 

Fast components of axonal flow have a velocity as high as 
400 mm d^! (ref. 17), and may travel from the IO to LVST cells 
through P cells in about an hour. This is fast enough to account 
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for the rapid transfer of the effect of IO destruction to LVST 
cells, except for the short-term effect revealed within the initial 
hour (Fig. 1c). The short-term effect could be due to removal of 
impulses from CFAs and/or tissues surrounding the IO, as 
obtained by TTX blockade; P-cell inhibition of LVST cells 
might be influenced rapidly through a process such as impulse- 
axonal-flow interaction? in CFAs and/or P-cell axons, or 
through alteration of background activities of LVST cells, such 
as removal of the inhibition arising from the medullary reticular 
formation". 
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Transducer noise in a photoreceptor 


IN our attempts to unravel the workings of visual systems, we 
seek neural responses and interactions which can account for 
visual behaviour. A popular measure of visual performance is 
the threshold intensity at which a stimulus is detected with a 
given probability. To account for these de:ection tasks, one must 
not only measure neural signals at threshold’, but also find the 
limiting sources of variance (that is, the noise) both within? and 
outside^? the nervous system®. The manner in which the random 
nature of photon absorptions can limit the performance of visual 
systems is well understood^?^?. When bleaching effects are 
negligible, photon absorptions follow the Poisson distribution. 
Consequently photon counts derived from the same mean signal 
have a variance equal to their mean. These fluctuations in counts 
are an inherent property of photon signals and are referred to as 
photon shot noise. Processes within the visual system generate 
intrinsic noise’, but to assess its effect on thresholds one must 
first account for photon shot noise. This is generally difficult 
because photon catch cannot be measured directly, and must be 
estimated from optical parameters which are subject to 
significant error’. We have estimated the levels of photon shot 
noise and intrinsic transducer noise? in locust photoreceptors at 
low light intensities. We have chosen to search for sources of 
intrinsic noise in the visual system of the locust because it has 
recently been shown that, at low intensities, each effective 
photon produces a single, large quantum bump"? (Fig. 1). Thus, 
we measure precisely the number of photons contributing to 
photoreceptor signals and derive, from the total response vari- 
ance, that additional variance due to intrinsic noise. We report 
here that the transducer noise mimics the properties of photon 
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Table 1 Analysis of photoreceptor response variance 





Mean effective photons 


per flash (М) = predicted 
variance due to 


Total response variance 


Excess response variance 


due to transducer noise Mean response 


Cell no. (NY photon shot noise (М)? (Ny % Total amplitude (mV) 

1 10.0 5.8 4.2 42.0 6.4 
14.8 8.9 5.9 40.0 7.4 

24.1 14.1 10.0 41.4 9.2 

32.3 21.4 10.9 33.7 10.0 

69.0 31.6 37.4 54.2 11.7 

448.5 174.9 273.6 61.0 16.1 

2 5.3 3.3 2.0 38.0 10.5 
3 7.2 3.3 3.9 54.0 12.0 
27.9 9.2 18.7 67.0 17.0 

41.0 16.4 24.6 60.0 18.9 

4 7.1 4Л 2.4 33.5 5.0 
276 13.5 14.1 51.0 9.0 

5 25.9 11.4 14.5 56.0 6.4 
6 21.4 10.5 10.9 51.0 10.0 
7 65.3 27.8 37.5 57.4 11.9 
8 25.3 14.8 10.5 41.4 7.0 
48.5 24.7 23.8 49.1 7.9 

88.5 37.7 50.8 57.4 10.9 


Mean = 49.3 + 9.9% 





shot noise, is of similar magnitude, and, in most conditions, must 
have an equally significant role in determining thresholds. 

To examine photoreceptor noise we use techniques perfected 
in previous experiments? '? and estimate receptor performance 
from intracellular responses to brief monochromatic light 
flashes (4 ms at 443 nm). Each stimulus falls within the linear 


integration time of the photoreceptor (which is >10 ms in a 
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dark-adapted locust) so that response amplitude depends on the 
total number of effective photons delivered. Thus, the pho- 
toreceptor is used as a photon counter and problems associated 
with the statistical analysis of rate-dependent processes are 
avoided. 

For each photoreceptor analysed we first count the number of 
bumps produced during prolonged periods of dim illumination. 


mean=2.34mV 


var.:0.52mv? 


Fig. 1 Measurement of transducer noise 











in locust photoreceptors. a Shows quan- 
tum bumps recorded during dim illu- 
mination and their amplitude distribution. 
Their frequency is used to calibrate 
the effective quantal content of the 
flashes used to estimate response vari- 
ance. b Demonstrates how an equivalent 
number of captured photons (E1, E2, E3, 
and so on) is attributed to responses (R1, 
R2, R3, and so on) induced by brief, 
higher-intensity flashes by referring all 
amplitudes to the intensity/response 
function. The intensity/response function 
predicted by the simple self-shunting 
model (~ ~ ~) is much steeper than the 
empirical (e—e). 
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This enables us to calculate the mean number of effective 
photons, N., contained in higher-intensity flashes. Next, we 
derive the intensity/response function relating mean response 
amplitude, V, to Ñ. (Fig. 1). Finally, we measure the amplitudes 
of response to 100-200 repeated flashes of known mean 
effective quantal content. Photon and intrinsic noise sources 
cause these responses to fluctuate in amplitude (Fig. 1) and 
response variance is measured in units of equivalent effective 
photons (EEPs) squared by converting every voltage amplitude 
to an equivalent mean photon count" using the 
intensity/response function (Fig. 1). The response variance 
due to photon shot noise equals N, (from Poisson statistics). 
The additional response variance due to intrinsic noise is derived 
by subtracting the photon shot noise from the total response 
variance. Thus, the degrading effects of intrinsic noise are 
measured in terms of incident intensity. 

Our results (Table 1) show that over a range of 1.7 log units 
intensity, the random absorption of photons only accounts for 
33-67% of total response variance. The remaining fluctuations 
must be generated within the photoreceptor itself. At low 
intensities this intrinsic noise is multiplicative, producing vari- 
ance proportional to mean photon catch, Ne, in the range 
№, = 6-30. At higher intensities our preliminary observations 
suggest that intrinsic noise increases in magnitude relative to 
photon shot noise (Table 1). 

We are confident that this intrinsic noise is not an artefact 
generated by errors in experiment or calibration. Full details of 
the calibration of the Uniblitz high speed shutter, the constant 
current tungsten light source, and the interference and attenu- 
ating filters are given elsewhere". Calibrations gave consistent 
results which accurately predicted both relative quantum bump 
frequencies at different steady intensities and the fraction of 
successful responses produced by different threshold flash 
intensities. The accuracy of our method depends on the deter- 
mination of relative, rather than absolute, stimulus energies, 
because each cell's quantum catch is measured from bump 
counts. Rigorous controls ensured that we rejected data from 
cells whose sensitivity changed during an experiment. A deter- 
mination of quantum capture efficiency and the 
intensity/response function preceded and followed every esti- 
mation of response noise, which was measured several times at 
each intensity. The inter-stimulus interval was adjusted to 
prevent light adaptation. During a single experiment, the resting 
potential drifted by «0.5 mV (~ 1%). 

We can dismiss several sources of intrinsic noise in the dark- 
adapted locust photoreceptor. In total darkness, 'spontaneous' 
photon signals occur at a rate of less than 1 every 360 s (ref. 10) 
(this is 1 every 160s for dogfish rods") and will contribute 
negligible variance to responses to brief flashes. Membrane 


voltage noise in the dark (400 uV peak-to-peak) is also negligi- : 


ble relative to bump amplitude and this contrasts strongly with 
the barrage of dark noise in rods and cones'*. Consequently, in 
locust photoreceptors, the intrinsic noise described above must 
be associated with the light response, and so is termed trans- 
ducer noise?. One of us (P.G.L.) has recently eliminated three 
potential sources of this transducer noise: there is no variance 
associated with the number of bumps produced by an effective 
photon’®; bump size seems to be independent of photon 
wavelength", even in cells containing two or more photopig- 
ments, implying that each photopigment produces equal-sized 
bumps; there is no variance associated with site of photon 
capture (geometric noise). 

Two known manifestations of transducer noise are the 
fluctuations in amplitude (Fig. 1) and latency of single photon 
responses '?, With respect to amplitude fluctuations, the simplest 
assumption is that apart from overall response compression, 
bumps add independently to each other. On this basis one would 
expect the slope, S, of variance against mean (in terms of EEPs) 
to be: S = 1+(variance(bump amplitude)/(mean(bump ampli- 
tude))”) (see ref. 15), which is always less than observed; for 
example, the predicted slope for cell 1, Table 1 is 1.1 rather than 
the observed value of 1.5-2.0. The disparity presumably 
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Fig. 2 a, Total response variance measured in squared 
equivalent effective photons (EEPs) plotted against mean effective 
photon catch per flash. For small responses the total variance is 
proportional to mean intensity and in this sense mimics photon shot 
noise. b, The frequency distribution of response amplitudes to one 
series of constant-intensity flashes. Response amplitudes are 
expressed in EEPs using the methods described in the text. The 
distribution of amplitudes is broader than that predicted by Poisson 
statistics from the mean effective photor catch estimated from 
bump counts (8). This extra scatter is due to transducer noise. с, 
An amplitude frequency distribution plotted from the same data as 
used in b, but here the shot noise analysis described in previous 
studies?! has been used to assign to each response an effective 
quantal content. This method assumes that all variance is 
generated by photon shot noise and calculates the mean quantal 
content of stimuli from the signal-to-noise ratio of response ampli- 
tudes? (expressed in equivalent intensity). Again, response noise 
mimics photon shot noise because the distribution of apparent 
photon catches is Poissonian. However, intrinsic noise has 
decreased the signal-to-noise ratio and lowered the apparent 
photon catch. All data аге taken from cell 1, Table 1. 


indicates that such a simple assumption is not justified. This is 
suggested by the observation that locust photoreceptors do not 
possess 'simple' self-shunting membranes (for review see ref. 
16) for which the above equation for slope, S, was derived", In 
this case, total conductance change is proportional to photon 
catch and a hyperbolic intensity /response function is predicted 
which greatly overshoots the empirical one (Fig. 1). Thus, a 
better understanding of the mechanisms which produce this 
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severe response compression seems necessary to assess the 
effects of bump amplitude variability. Initial modelling of the 
effects of variable bump latency using Monte Carlo methods 
suggests that it causes very little response compression and 
contributes about 10% to observed transducer noise. Clearly, 
we require a better knowledge of transduction if we are to 
determine the extent to which the unequal responses to single 
photon absorptions seen from bumps, contributes to transducer 
noise. 

Can transducer noise influence neural and behavioural 
thresholds? At intensities so low that bumps do not fuse, single 
photon hits could be registered in a manner which avoids 
transducer noise. For example, given the high voltage gain found 
at the first synapse in the compound eye (reviewed in ref. 17), the 
second-order cells might produce brief saturating responses for 
each photoreceptor bump received. However, at higher intensi- 
ties, bumps fuse and a receptor can no longer act as a perfect 
photon counter in this manner. Transducer noise blurs the 
discrete jumps in amplitude resulting from additional photon 
absorptions, and contributes noise indistinguishable in the 
intensity domain from photon shot noise (Fig. 25, c). Arguments 
which suggest that the proportionality of increment thresholds 
to (intensity)'^ indicate a photon-counting system unaffected by 
intrinsic noise?, are here demonstrated to be false, because we 
describe a source of intrinsic noise (transducer noise) which is 
multiplicative. Thus, although photoreceptor noise has a large 
intrinsic component, it mimics the statistical properties expected 
if photon shot noise alone was presentó. Our measurements 
suggest that in most conditions transducer noise must be as 
significant as photon shot noise in determining visual thresholds. 
Consequently, transducer noise must be considered with other 
sources of intrinsic noise when accounting for visual perfor- 
mance, for the design of photoreceptors, and for higher-order 
strategies for optimum sampling of the visual signal". 

During the revision of this letter, a report was published which 
suggested that multiplicative noise might degrade human visual 
performance without distorting the underlying Poisson statistics 
of photon capture. This would account for the number of quanta 
apparently detected falling far short of estimated capture by the 
photopigment?. Our conclusions about the effects of transducer 
noise are clearly similar and establish a precedent for the 
existence of multiplicative noise within a visual system. 
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Association of cellular membrane of 
E. coli minicells with 

the origins/terminus region 

of replication of plasmid ColEI DNA 


COLICINOGENIC plasmid El (ColEl) can be isolated from 
Escherichia coli as a supercoiled DNA molecule of 2.14 um long 
or as a supercoiled DNA-protein complex'. Certain protein 
denaturing agents will convert this complex to an open circular 
(relaxed) DNA form with one single-strand break in the heavy 
(polyUG binding) strand of the duplex ColE] DNA (refs 2, 3). 
The induced single-strand break in ColE] DNA is located 
approximately 19% of the length of CoIEI DNA from the single 
EcoRI restriction endonuclease site in the plasmid". Analysis of 
ColEl replicating intermediates has shown that replication pro- 
ceeds unidirectionally from an origin located near the position of 
the relaxation complex nick, approximately 19% from the single 
EcoRI restriction site". The site of the relaxation-complex 
nick has been located approximately 300 nucleotides away from 
the origin of CoIEI DNA replication’. The nucleotide sequence 
of the origin region of ColE] DNA*? and of a small CoIEI-type 
plasmid'^ have been determined. A model for the possible role 
of the relaxation complex in ColE] DNA replication and/or 
conjugal transfer has been presented’'. A major feature of this 
model is that the relaxation complex proteins may help promote 
association of plasmid DNA with a replicator and/or conjugal 
transfer site on the bacterial membrane. We describe here an 
electron microscopic analysis of Eco RI-cleaved ColEl and mini- 
ColEI DNA that were purified as stable DNA-membrane 
complexes from E. coli minicells. Evidence is presented that 
membrane-like structures attach to CoIEI DNA and mini-ColEI 
DNA in a region that includes both the site of the 
origin/terminus of DNA replication and the site of single-strand 
cleavage by the relaxation complex. 

Minicells that contain plasmid ColEI DNA or a hybrid mini- 
ColEl plasmid containing a kanamycin (Km) resistance frag- 
ment (pML21)" were purified from E. coli P678-54, Thy”. The 
plasmid DNA in the purified minicells was labelled with *H- 
thymidine, the minicells were lysed, and the lysate centrifuged 
on caesium chloride-sucrose gradients". Figure 1a shows that 
in the conditions of centrifugation the ?H-ColEI DNA from 
minicells separates into two major peaks, one which rapidly 
sediments to an isopycnic density of about 1.35 g m^! (pool A), 
the other remaining near the top of the gradient. A visible band 
of opalescent material, presumably cellular membrane frag- 
ments, is present in the position of pool A. To show that pool A 
contains membrane components, cultures of E. coli P678-54 
harbouring ColEI were labelled with ?H-leucine or [2-*H]gly- 
cerol, which are incorporated into protein and membrane 
phospholipid, respectively'*. Minicells were purified from these 
cultures and treated exactly as before, except the cells were not 
labelled with *H-thymidine. It was found (data not shown) that 
17% of the total *H-leucine in the lysed minicells is located in 
the 1.35 g m^! density region in the caesium chloride-sucrose 
gradient. In addition, 100% of the phospholipid label reached 
equilibrium at a density of 1.35 g ml '. Therefore, the observed 
isopycnic density of the *H-ColE] DNA is most probably 
accounted for by the association of the plasmid DNA with 
membranous components. 

Purified supercoiled, open circular, or linear '*C-ColElI DNA 
was added to the lysate at various stages of the lysis procedure. 
Figure 1a shows that supercoiled '*C-ColEl DNA does not 
appear in the pool A region of the gradient, suggesting that little 
or no *H-ColE] DNA from the minicell lysate aggregated 
nonspecifically to components in this peak. Similar results 
occurred with purified circular and linear '*C-ColEl DNA. As 
shown in Fig. 15, when pool A was dialysed and centrifuged a 
second time on a caesium chloride-sucrose gradients, approxi- 
mately 50% of ?H-ColEl DNA in pool A remained near the top 
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Fig. 1 Caesium chloride-sucrose gradients of lysates of minicells contain- 
ing ?H.labelled plasmid ColE] DNA. a, E. coli minicell producing strain, 
P678-54, Thy, carrying plasmid ColEI was grown to late exponential phase 
in 3 1of LB medium. The culture was centrifuged at 1,500 r.p.m. for 3 min in 
a Sorvall GSA rotor and the supernatant pelleted at 8,000 r.p.m. for 10 min, 
followed by resuspension in BSG (0.85% NaCl, 0.03% KH3;PO,, 0.06% 
NazHPO,, 0.1% gelatin). The resuspended minicells were layered on 33 ml 
5-20% sucrose gradients and centrifuged in an HB4 rotor at 4,500 r.p.m. for 
15 min. The minicell band was removed, diluted with BSG, pelleted, and 
again centrifuged on 5-20% sucrose gradients. This was repeated 2 or 3 
times until E. coli whole cells could no longer be seen in the minicell 
preparation by light microscopy. ColE} DNA іп the purified minicells was 
labelled with “H-thymidine by incubation for 30 min at 37 °C in 25 ml of M9 
medium containing 0.1% vitamin-free casamino acids. 0.2% glucose, 
20 pe ml”! thiamine, 50 ив mi! tryptophan, 0.002 M cyclic AMP and 
2 we ті! each of adenosine, deoxyadenosine, guanosine, deoxyguanosine, 
cytosine, deoxycytosine and uridine, and 1mCi of ?H.thymidine. 
Incorporation of “H-thymidine into trichloroacetic acid-insoluble material 
was linear up to 90 min. After labelling, the minicells were centrifuged and 
resuspended in 2 ml of 0.75 M sucrose. Purified ‘$C. thymine-labelled ColEI 
supercoiled DNA was added immediately after sucrose as a control for 
nonspecific association of ColE] DNA with membrane components. The 
mixture was incubated for 15 min on ice with 100 ugm} lysozyme and 
0.01 M EDTA, after which Triton X-100 was added to 0.05%. The lysate 
was layered on a preformed linear gradient of 5 M caesium chloride plus 
20% sucrose to 0.5 M caesium chloride plus 10% sucrose made in TES 
(0.1 M Tris, pH 8.0, EDTA, pH 8.0, 0.5 M NaCl, 0.005 M) and centrifuged 
in an SW 27 rotor at 22,000 r.p.m. at 4?C for 30 min!?, Fractions were 
collected from the bottom, portions counted, and the refractive index of each 
fraction determined. The density was determined from caesium chloride- 
sucrose standard curves of density against refractive index. @, ?H radioac- 
tivity; ©, "C radioactivity. b, Pool A from the caesium chloride-sucrose in a 
was dialysed against TES and centrifuged on a caesium chloride-sucrose 
gradient in the same conditions as above. 
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of the gradient. Dialysis and centrifugation of pool В (Fig. 15), 
again in the same conditions, does not result in any loss of ColEI 
DNA from the 1.35 g ml! density region, indicating that the 
remaining 20-2596 of the total radioactivity incorporated into 
ColE] DNA (pool B) is stably associated with membrane 
material. In different experiments the percentage of total `H- 
thymidine incorporated into ColE] DNA found in pool A (Fig. 
1a) varied, but the percentage of incorporated *H-thymidine 
remaining in pool B (Fig. 1b) was usually 20-25%. The released 
*H-CoIE! DNA near the top of the gradient may represent 
plasmid DNA either specifically but weakly associated with 
membrane components or nonspecificaily-associated DNA that 
is released during handling. 

As a further test of the stability of H-ColEI DNA membrane 
association, pool B was subjected to various treatments. It was 
found that ColE] DNA can be released from membrane 
material, as determined by a change in density of the 'H-DNA in 
caesium chloride-sucrose gradients, by treatment with 
pancreatic DNase or the ionic detergents Sarkosyl and SDS 
(0.2%). Treatments that did not release the plasmid DNA 
included exposure of 2M NaCl, Triton X-100 (0.2%), pancrea- 
tic RNase (1 mg ml), phospholipase A, freezing to ~20 °C, and 
heating to 60 °C for 10 min. Treatment with pronase or heating 
at 100°C for 10 min. gave variable levels of dissociation of the 
complex. 

ColE] DNA-membrane complexes from pool B (Fig. 15) and 
mini-ColEl-Km (pML21) DNA-membrane complexes from 
similar preparations were examined by electron microscopy. 





Fig. 2 Electron micrographs of EcoRI-cleaved Со DNA-membrane 
complexes and mini-ColEl DNA-membrane complexes. Minicells contain- 
ing CoIEI DNA or mini-ColEl-Km DNA were purified, labelled, lysed and 
centrifuged on caesium chloride-sucrose gradients as described in Fig. 1. 
Fractions corresponding to Pool B in Fig. 1 were dialysed against TES. 
Aliquots were adjusted to 10 mM MgCl; and either incubated at 30°C for 
30 min as controls for nuclease contamination or incubated at 30°C for 
30 min with EcoRI. Control and cleaved samples were spread for electron 
microscopy as previously described!?. Purified open circular Со DNA 
was spread with the samples as a size reference. a, Supercoiled. СОЕ! 
DNA-membrane complex; b, c, EcoRI-cleaved ColE! DNA-membrane 
complex; d, EcoRI-cleaved mini-ColEI DNA-membrane complex. The bar 
in frame a is equal to 0.5 am. 
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Fig. 3 Histogram of locations on EcoRl-cleaved ColE] DNA and mini- 
ColEI DNA in contact with a membrane fragment. Samples of purified ColEl 
DNA or mini-ColEI-Km DNA analogous to pool В of Fig. 1 were cleaved 
with EcoRI and visualised by electron microscopy. Molecules were 
measured in relation to purified circular СоіЕІ DNA spread on the same 
grid, and only molecules that were of unit length were considered for 
analysis. Measurements were made on the short arm of the restricted DNA 
from the EcoRI site to. the membrane fragment. Molecules with large 
membrane fragments covering the DNA in more than one of the arbitrary 
divisions of 0.025 molecular length were included in the histogram in each 
division in contact with membrane material. a, CoIEI DNA; b mini-CoiEl- 
Km DNA. 


Figure 2 shows complexes before and after cleavage by EcoRI 
restriction endonuclease. This analysis usually showed some 
membrane-like fragments free from DNA in addition to super- 
coiled, open circular, and, in the case of restricted samples, 
linear plasmid DNA membrane complexes. Over 50% of the 
linear ColEl DNA observed was associated with a membrane 
fragment. A low percentage (<5%) of the membrane-bound 
ColE] DNA had two fragments attached. Most DNA-bound 
membrane fragments appeared vesicular and seemed to be of 
two general types (Fig. 2a, b, d). These fragments were about 
0.1 рт in diameter. Other larger fragments could also be seen 
(Fig. 2c). When pool B was treated with 0.2% Sarkosyl and 
dialysed before preparation for electron microscopy, 
membrane-like structures could not be seen. As mini-ColEI-Km 
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DNA has two EcoRI restriction sites, restricted preparations 
showed two molecules, the 4.5x10°-dalton Km restriction 
fragment and the 2.2 х 105-mini-ColEI plasmid. Less than 3% 
of the Km DNA fragment possessed an attached membrane 
fragment. However, a large proportion of the mini-ColEl DNA 
was associated with a membrane fragment. 

The total lengths of the linear molecules associated with 
membrane fragments derived from EcoRI-cleaved DNA of 
pool B were determined by electron microscopy. For ColEI 
DNA, only molecules that were the same length as open circular 
ColEl DNA spread on the same grid square were further 
analysed. For mini-ColEl only linear DNA molecules that were 
1.2 um in length when compared to the control ColE] molecules 
spread on the same grid square were further analysed. The 
location on the DNA molecule of the membrane fragments 
relative to the EcoRI restriction.sites was measured. A total of 
75 ColEl molecules from three different preparations and 50 
mini-ColEl molecules from two different preparations were 
measured. Figure 3a and 3b represent, respectively, the number 
of ColEl and mini-ColEl molecules that had a membrane frag- 
ment in contact with the DNA within arbitrarily chosen divisions 
of 0.025 fractional length of the DNA molecule. If a membrane 
fragment was in contact with a DNA molecule in more than one 
of the divisions of 0.025 fractional length it was counted and 
plotted in each division. Some of the scatter and broadness of the 
histogram peaks may be due to nonspecific associations or to 
large membrane fragments that cover disproportionately large 
regions of the DNA molecules. As salt concentrations of 22 М 
will dissociate most DNA binding proteins, the caesium 
chloride-sucrose gradient conditions probably dissociate most 
weak associations. 

Figure За indicates that about 60% of the CoIEI DNA-bound 
membrane fragments are in contact with the DNA between 
0.15-0.22 fractional length of the EcoRI restricted plasmid. 
This corresponds to the region of origin/terminus of replication 
and to the relaxation complex site of ColE] DNA. Figure 35 
shows that about 55% of mini-CoIEl DNA-bound membrane 
fragments are found at 0.33—0.45 fractional length of the EcoRI 
cleaved molecule. This is in the region of the origin of DNA 
replication of the mini-ColEi molecule (0.36-0.40 fractional 
length of EcoRI-cleaved mini-ColE! (R.B.S. and R. Eichen- 
laub, unpublished). Although this analysis does not distinguish 
between the two ends of the DNA molecules, the close cor- 
respondence to the origin of replication suggests a direct 
involvement of membrane components in plasmid ColElI DNA 
replication. The failure to isolate mini-ColE] DNA in the form 
of relaxation complex'? may indicate in the case of this plasmid 
that the association with the membrane material is more a 
property of the origin/terminus of replication or the relaxation 
complex site of nicking than of the active relaxation complex 
proteins. 
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A peptide resembling COOH-terminal 
tetrapeptide amide of gastrin from a 
new gastrointestinal endocrine cell type 


THE gastrointestinal hormones gastrin and cholecystokinin 
(CCK) share identical COOH-terminal sequences. In both 
hormones the COOH-terminal tetrapeptide amide constitutes 
the biologically active region, and the rest of the two molecules 
determines their potency and selectivity for different target cells. 
Their similarity in structure and activity may reflect a commqn 
phylogenetical origin’. The COOH-terminal tetrapeptide 
amide is highly immunogenic in each hormone and many gastrin 
antisera are specific for this sequence and also bind CCK. In 
order to study the hormones by immunocytochemistry and 
radioimmunoanalysis, antisera specific for several distinct 
sequences must be used. Previously, we have used such antisera 
to characterise antral gastrin cells and intestinal cholecystokinin 
cells by immunocytochemistry. We now report the 
identification of three distinct types of gastrointestinal cells 
which show COOH-terminal gastrin (or CCK) immunoreac- 
tivity. One type corresponds to gastrin-producing G cells, 
another to CCK-producing I cells and a third type to TG cells 
which react only with antisera against the COOH-terminal 
tetrapeptide. 

Specimens from the gastrointestinal tract of monkeys (n — 5) 
and pigs (n = 10) were studied by immunocytochemistry and 
correlative electron microscopy. The antisera used included As. 
1295, 2717 and 4562, raised in rabbits against synthetic human 
gastrin-17, As. 4710 raised in a rabbit against the synthetic 
mid-portion (6-13) of human gastrin-17, As. 4478 raised in a 
guinea pig and As. 4698 raised in a rabbit against porcine 
CCK-33. As previously documented’? As. 1295 recognises the 
NH; terminus of human gastrin-17, As. 4710 the mid-portion of 
human gastrin-17, As. 4562 and 2717 bind the COOH-terminal 
tetrapeptide portion of both gastrin and CCK, As. 4698 binds 
the region (25-30) of triacontatriapeptide CCK (CCK-33) and 
so also recognises octapeptide CCK (CCK-8) and caerulein, and 
As. 4478 binds the region (19-25) of CCK-33 and does not 
recognise CCK-8. The region-specificity of the antibodies is 





Fig. 1 The amino acid sequences of porcine CCK-33 and 
gastrin-34 and the region-specificity of the antisera used in this 
study. 
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Fig. 2 Frequency distribution of intestinal endocrine cells reac- 
tive with COOH terminus-specific (Abs 2717 and 4562), CCK- 
specific (Abs 4478 and 4698) and gastrin-specific (Abs 1295 and 
4710) antibodies. Note that in all parts of the small intestines the 
number of COOH terminus-reactive cell exceeds the number of 
gastrin and CCK cells. This difference reflects the number of TG 
cells. Pig (n = 10) material was collected at a nearby abattoir and 
green monkeys (n = 5) were anaesthesised with Mebumal (pento- 
barbital). Specimens from the gastrointestinal tract were frozen in 
melting Freon-22, freeze-dried, vapour-fixed in paraformaldehyde 
and embedded in paraffin. Serial 3-.m sections were reacted with 
antibodies detecting the COOH terminus (Abs 2717 and 4562), 
the 6-13 region (Ab. 4710) and the NH; terminus (Ab. 1295) of 
human gastrin-17 as well as antibodies detecting regions 19-25 
(Ab. 4478) and 25-30 (Ab. 4698) of porcine CCK-33 (ref. 1). The 
antisera were immunoabsorbed and then stained as described 
previously'*. Specificity was checked by conventional staining 
controls and by absorptions against synthetic human gastrin-17, 
the synthetic mid-portion (6-13) of human gastrin-17, pentagas- 
trin, 99% pure porcine CCK-33, caerulein and other gut 
peptides’. The site of antigen-antibody reaction was revealed by 
the peroxidase-antiperoxidase (PAP) procedure of Sternberger or 
by immunofluorescence’. For quantitation, serial sections were 
stained with the different antisera (PAP technique only), so that the 
first and last slides in one series were stained with the same 
antiserum. The variation between these two slides never exceeded, 
and was usually considerably below, 5%. Only perfectly transverse 
sections were counted and the results wereevaluated as numbers of 
cells per field of vision (objective x 10, eye-piece x 12.5) or as 
absolute figures (data not shown), The total surface area of the 
(mucosal) sections averaged 0.25-0.5 cm^. The number of cells was 
always counted in corresponding adjacent visual fields. 


© Macmillan Journals Ltd 1979 


per cent 


507 4 


per cent 
507 , 


per cent 


507 . 


40 


30 


© 





shown schematically in Fig. 1. As. 1295, 4710, 4698 and 4478 
contained additional populations of COOH terminus-reactive 
antibodies which were removed by immunoabsorption against 
either CCK-33 (As. 1295 and 4710) or synthetic human gastrin- 
17 (As. 4698 and 4478). Following the immunoabsorption step 
the sequence-specificity of the antibodies was verified by 
absorptions against synthetic human gastrin-17, the synthetic 
(6-13) region of human gastrin-17, pentagastrin (Peptavlon) 
synthetic caerulein and 99% pure porcine CCK-33 and by the 
inability of As. 4698 and 4478 to react with antral gastrin cells, 
by the inability of As. 1295 and 4710 to react with intestinal 
CCK cells and by the ability of As. 4562 and 2717 to demon- 
strate both gastrin and CCK cells, as reported elsewhere in 
detail'?, Our immunocytochemical results were quantitied as 
described in Fig. 2. 

Use of gastrin-specific antisera (As. 1295 and 4710) revealed 
that gastrin cells predominated in the antropyloric mucosa and 
were few in the small intestines (Fig. 2). The oxyntic mucosa of 
the stomach, the Brunner glands of the duodenum and the distal 
ileum only occasionally contained gastrin cells (Fig. 2). The 
colon was devoid of such cells. 

The CCK-specific antisera (As. 4698 and 4478) demonstrated 
numerous endocrine cells in the duodenum and jejunum. The 
proximal ileum contained a few scattered CCK cells, whereas 
the stomach, the duodenal glands of Brunner and the distal 
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Fig. 3 Electron micrographs and size dis- 
tribution histograms of cytoplasmic granules 
in a, gastrin (С) cells; b, CCK (I) cells; and c, 
TG cells of green monkeys. Note the 
differences in size and morphology of the 
three granule types. (x7,100). Specimens 
from the antropyloric and duodenal mucosa 
of green monkeys (n=3) were fixed by 
immersion for 15 min at 4°C in a 2% glu- 
taraldehyde: 3% formaldehyde solution in 
0.1 M sodium phosphate buffer pH 7.3. After 
washing in buffer and osmication the speci- 
mens were embedded in Epon 812 and 
adjacent semithin and ultrathin sections were 
cut. Semithin sections were deplasticised and 
de-osmicated and permitted to react with the 
region-specific antisera” (see Fig. 1). The site 
of antigen-antibody reaction was revealed by 
immunofluorescence and immunoreactive 
cells were identified in the adjacent ultrathin 
sections. Controls were as described in Fig. 1. 
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ileum were devoid (monkeys) or nearly devoid (pigs) of such 
cells (Fig. 2). 

The COOH terminus-specific antisera (As. 2717 and 4562) 
demonstrated both gastrin and CCK cells, as well as a third 
population of intestinal endocrine cells, which failed to react 
with the gastrin- or CCK-specific antisera. The existence of the 
third cell population was inferred from the finding that the 
COOH terminus-specific antisera demonstrated many cells in 
both the Brunner gland area and in the distal ileum. Cell counts 
(Fig. 2) verified the existence of the third cell type, the sum of 
COOH terminus-reactive cells greatly exceeding the sum of 
gastrin and CCK cells. Thus, COOH terminus-reactive cells, 
distinct from gastrin and CCK cells (TG cells), were few in the 
antropyloric mucosa and numerous in the small intestines. They 
were particularly well represented in the Brunner glands of the 
duodenum and in the distal ileum, areas in which gastrin and 
CCK cells were virtually absent (Fig. 2). TG cells were not 
detected in the oxyntic mucosa or in the colon. 

Identification of gastrin, CCK and TG cells by electron 
microscopy was carried out in the monkey antropyloric and 
duodenal mucosa using the region-specific gastrin and CCK 
antibodies. Antral gastrin cells were characterised by the 
presence of numerous cytoplasmic granules of variable electron 
density. Most granules contained an irregular dense core and 
measured 221-442 nm (mean 307 nm, see Fig. 3). The cells 
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reached the lumen through an apex endowed with microvilli, 
and contained organelles typical of peptide- or protein- 
synthesising cells. This ultrastructure is similar to that of G cells 
in other species". 

Duodenal CCK cells were elongated or flask-shaped and 
contained numerous membrane-bound granules with a thin 
electron-lucent halo separating the highly electron-dense core 
from the membrane. The granules were round or slightly 
angular and measured 128-383 nm (mean 209 nm, see Fig. 3). 
Their ultrastructure is similar to that of the I cells of the small 
intestines, which have been shown to produce CCK. 

The TG cells were identified in both the antropyloric gland 
area and in the duodenum. They contained large cytoplasmic 
granules with a core of medium to high electron density. A thin 
halo was usually present between the surrounding membrane 
and the dense core. The dense core, which almost completely 
filled the granules, was filamentous in texture and the granules 
measured 178—400 nm (mean 275 nm, see Fig. 3). The TG cells 
contained numerous microtubules and microfilaments and both 
free and membrane-bound ribosomes (Fig. 4). The ultrastruc- 
ture of the TG cell is therefore quite distinct from that of 
gastrin-producing G cells and CCK-producing I cells, especially 
with respect to the morphology of the cytoplasmic granules. 

As the distal half of the ileum of both pigs and monkeys 
contained many TG cells but very few gastrin and CCK cells, this 
part of the intestine was extracted in boiling water and/or acetic 
acid for radioimmunoassay®. As expected from immunocy- 
tochemical findings, only very low levels of immunoreactivity 
could be measured with gastrin-specific (As. 2604) and CCK- 
specific (As. 4698)° assays. Larger amounts of immunoreactivity 
were, however, detected by a COOH terminus-specific assay 
with As. 2609*. Gel chromatography of ileal extracts, monitored 
by ССК-, gastrin- and COOH-terminal-specific assays revealed 
low concentrations of immunoreactivity in positions cor- 
responding to CCK-8, gastrin-34 and gastrin component I. 
Gastrin-17-like immunoreactivity was not detectable. In 
contrast, considerable amounts of immunoreactivity eluted in 
the position corresponding to the COOH-terminal tetrapeptide 
amide of gastrin (Fig. 5). This component has not yet been 
shown to be identical with the true COOH-terminal tetra- 
peptide amide, but in parallel studies on the porcine antropy- 
loric mucosa (to be published elsewhere) strong evidence for the 
existence of this component was obtained. 

We thank the Danish MRC for grant support (512-7188, 
512-7189, 512-10266), Professor A. Maunsbach for electron 





Fig. 4 Ultrastructural identification of TG cell of the Brunner 

gland area of monkey duodenum. The immunoreactive cell 

(insert: x 422) contains cytoplasmic granules of variable electron- 
density. Technique as described in Fig. 2. x 4,875. 
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Fig. 5 Gel chromatography of a boiling-water extract of mucosa 
from the midsegment of the porcine ileum. 5 ml extract was applied 
to a Sephadex G-50 superfine column (25 « 2,000 mm) eluted at a 
flow rate of 20 ml h ' with 0.25 M NH4HCOs, pH 8.2 at 4 °C. The 
column was calibrated with '**I-albumin (void volume (Vo)), 
highly purified porcine gastrin componen: I (Ус), gastrin-34 
(Vasa), gastrin-17 (Voi7), CCK-8 (Voca), highly purified 
synthetic gastrin tetrapeptide amide (V4) and "^NaCl (total 
volume (Vj). In addition to boiling water, midsegments of 
porcine ileum were also extracted (0.1-0.2 g mucosa ml !) with 
0.5 M acetic acid, acetone (Merck), and acetone acidified with 
0.1 M HCI (100:3, pH 1.0). However, when measured with an 
assay specific for the common COOH-terminal sequence of gastrin 
and CCK (antiserum 2609, also used to monitor the gel chromato- 
graphy as shown) the latter procedures extracted <8% of the 
immunoreactivity measured in boiling-water extracts. Using boil- 
ing water extraction the following concentrations of immunoreac- 
tive gastrin-CCK-like peptides were found in mucosa from mid- 
ileum: Component I, ~0.2; gastrin-34. 2.35 1.1; gastrin-17, 
«0.2; CCK-8, 14 +6; gastrin-4, 113 +7 (pmol per g mucosa wet 
weight; mean « s.e.m., n = 3). 


microscope facilities, Mrs J. B. Lauridsen and Mrs E. Petersen 
for technical assistance and Drs J. H. Walsh, J. Morley and 
Professor V. Mutt for antibody 1295 and natural and synthetic 
peptides. 
Note added in proof: Recently, Buchan et al.’ described the 
ultrastructure of the intestinal gastrin cell. These small-granu- 
lated, D,-like cells seem to be more numerous in the human than 
in the porcine or simian small intestines. Their ultrastructure is 
similar to that of small-granulated, gastrin immunoreactive cells 
described by us in human fetal duodenum"" and in rat antropy- 
loric mucosa (G, cells''). Thus, the small intestines harbour 
three types of cells producing related peptide hormones: CCK 
(I) cells, COOH-terminal tetrapeptide amide (TG) cells and 
intestinal gastrin (GI) cells. The main cell type in the antrum is 
the G (gastrin) cell, but some species in addition contain smal! 
numbers of TG cells (monkeys) and G, cells. The G, cell may 
possibly be the murine equivalent of GI cells. 
LARS-INGE LARSSON 
JENS F. REHFELD 
Institute of Medical Biochemistry, 
University of Aarhus, 
Aarhus, Denmark 
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Protein structural 
fluctuations during a period of 100 ps 


A RECENT 9-ps molecular dynamics simulation' of the bovine 
pancreatic trypsin inhibitor (PTI) at 295K revealed a rich 
variety of motional phenomena at the atomic level on a picose- 
cond time scale. To obtain information about longer time pro- 
cesses, and to characterise more accurately the short time 
results, a 96-ps dynamical simulation of PTI at an average 
temperature of 306 K has been completed with the techniques 
used previously'; an extended equilibration period of 72 ps 
before simulation served to eliminate internal stresses. Analysis 
of the present simulation has confirmed most of the conclusions 
of the earlier study but has shown in addition that there are 
significant features of the dynamics that can be observed only 
over a longer period, ~ 100 ps. 

An overall measure of the correspondence between the time- 
average dynamical and X-ray structures" is given by the radius of 
gyration. It equals 10.22 A (with fluctuations of +0.1 A) for the 
former and 10.96 À for the latter. The primary source of 
difference between the two are the positions of the charged 
external side chains, which may in fact have different average 
positions in solution and in the crystal^*. The dynamics simula- 
tion also shows a strong coupling between the amino and 
carboxyl termini, in agreement with NMR solution results? but 
different from the crystal structure (see Fig. 1 of ref. 1). The core 
of the protein has a heavy-atom number density close to the 
X-ray value; within a radius of 8 À from the protein centre, the 
calculated number density is 0.063 А, compared with 
0.060 А”? for the X-ray structure. 

Analysis of individual atom position fluctuations shows that, 
as a result of the more careful equilibration, they are slightly 
smaller than in the previous simulation. The average r.m.s. 
fluctuation for the а carbons is 0.60 A (previously 0.74 A) and 
that for all atoms 0.75 A (previously 0.90 A); the corresponding 
X-ray results from isotropic temperature factors are 0.68 A and 
0.74 A, respectively (J. Deisenhofer, personal communication). 
The calculated mean-square positional fluctuations are found to 
be highly anisotropic for most of the atoms. For the a carbons, 
the overall averages are (22) = 0.252 A’, (x?) = 0.051 А? and 
(y?) = 0.099 A’, where a local principal axis system is used for 
each atom; in some cases, the largest component is more than 10 
times the smallest. The differences in the orientations of the 
local systems for atoms in the same region, relative to a space- 
fixed axis system, make clear that the anisotropy is reflecting 
structural constraints rather than overall protein motion. 
Evaluation of the positional distribution functions shows that 
many of them differ significantly from the standard gaussian 
form, a consequence of the fact that the potential of mean force 
experienced by the atoms is not harmonic. 

Because of their well-defined nature and possibility for direct 
experimental investigation, the aromatic side chain motions in 
PTI were studied in detail®. Tyrosine ring orientation fluctua- 
tions of +30° from the average (r.m.s. value of 12°) were found 
for residues in the interior of the protein; this corresponds to a 
torsional potential of mean force considerably softer than that of 
the rigid protein. The time-dependence of the torsional motion 
approximates that expected from a Langevin equation for an 
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angular oscillator with near critical damping; the calculated 
relaxation times for this motion are of the order of tenths of ps; 
for example, for Tyr 21 it is 0.2 ps. Comparison between the 
tyrosine side chain in a dipeptide and in the protein clearly 
demonstrates the importance of matrix damping effects due to 
the surrounding atoms in the latter. 

An important result of the new simulation is the presence of 
long-lived fluctuations in the properties of PTI. Making use of 
1-рѕ dynamic averages (‘coarse-graining’) to damp out rapid 
oscillations, it was found that fluctuations of 5-15 kcal mol! 
with a duration of 2-15-ps occur in the potential energy asso- 
ciated with the bond-stretching and bond-angle-bending coor- 
dinates, as well as with the non-bonded interactions. It seems 
that these energy fluctuations represent transitions of the pro- 
tein from one potential minimum to another in the neighbour- 
hood of the time-averaged structure. Direct evidence for this is 
given by the correlation of the potential energy fluctuations with 
transitions between minima of side chain dihedral angles and 
other internal coordinates. 

A consequence of the infrequent structural transitions is that 
long periods of averaging are required to establish the fluctua- 
tions in global properties. Using the entire 96-ps period, we find 
the r.m.s. fluctuation in the kinetic energy to be 11.51+ 
0.1 kcal mol, which yields a classical heat capacity of 3.14 + 
0.1k per protein atom (k is the Boltzmann constant). The 
previous simulation resulted in a smaller value for the r.m.s. 
kinetic energy fluctuation (9.3 kcal mol!) and a correspond- 
ingly smaller heat capacity (2.3 k per atom); test calculations 
show that such low values are due to the short time interval used 
for averaging. Apparently the heat capacity contains a contri- 
bution from equilibration among the different available states 
and so cannot be related as simply to models for protein 
dynamics as assumed in ref. 1. Long-lived fluctuations also occur 
in the atom positions, so that values obtained by averaging over 
less than 10 ps tend to be too low; for example, for the a carbon 
atoms, the r.m.s. fluctuation from 2-ps intervals are ~0.40 À as 
compared with the value of 0.60 À for the complete simulation. 

The present calculation supports the earlier conclusion that a 
dynamic simulation can provide realistic and highly informative 
descriptions of the detailed atomic motions in the interior of a 
protein. The existence of large fluctuations in the structure and 
energy components indicates that the properties of proteins 
result from the occupation of a variety of thermally accessible 
states, even for times as short as 10-100 ps. It will be of interest 
to assess the role of these states in the biological activity of 
proteins and to determine the importance of alterations in the 
available states and transitions among them due to the solvent 
environment and ligand or substrate binding. 

A full account of the extended simulation will be presented 
elsewhere. We thank John Ramsdell, Barry Olafson, and 
Thomas Jordan for their assistance and the NIH for support. 
J. A. McC. thanks the NIH for a postdoctoral fellowship. 

Note added in proof: Frauenfelder, Petsko, and Tsernoglou 
(personal communication) have recently determined isotropic 
temperature factors for myoglobin at a series of temperatures 
and have used them to obtain atomic positional fluctuations; a 
dynamical simulation to compare with their results is in 
progress. 
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Experts in the field examine the extent of man's 
destruction of ecosystems in northern temperate 
zones, identify basic ecological principles for their 
protection and rehabilitation, and consider guide- 
lines for avoiding future devastation while ensuring 
optimal use of natural resources 508 pp. 1978, 
$30 00 ($36 00/£18 90 outside US) 


Series Il: Systems Science 


Volume 7: Manpower Planning and 
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edited by Donald T. Bryant 

and Richard J. Niehaus 
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science and the behavioral sciences, emphasizing 
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vidual career aspirations, and the socioeconomic 
policies of regions, countries, and other large aggre- 
gates 804 pp , 1978, $65.00 ($78 00/£40 95 outside 
U.S) 
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Applications and Problems 

edited by Dietrich Lehmann 

and Enoch Callaway 


This volume presents a multidisciplinary selection of 
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tential in the diagnosis of neuropathology. adapta- 
ton effects. ERP scalp topography and a wide 
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Some pioneers of Natural History 


The Naturalists: Pioneers of Natural 
History. By A. C. Jenkins. Pp. 200. 
(Hamish Hamilton: London, 1978.) £6.95. 
Man has always had some interest in 
animals and plants, if for no other reason 
than that they provide him with food. 
But curiosity rather than necessity com- 
pelled the attention of people like 
Aristotle who was one of the earliest 
scientific observers of nature. His Historia 
animalium shaped and directed scientific 
thought and enquiry for centuries. 

Mr Jenkins’s survey of the lives and 
achievements of some of the pioneers of 
Natural History begins with Aristotle and 
Pliny, and he pauses to consider medi- 
aeval bestiaries and herbals before intro- 
ducing the first encyclopaedic systematist, 
John Ray. Ray’s skill and industry in 
classifying animals and plants earned him 
the apellation, "the Aristotle of England”. 
But he was to be overshadowed by the 
Swedish naturalist, Carl Linnaeus, as the 
supreme classifier of the many forms of 
life. Linnaeus’s sexual classification of 
plants, based upon the number of stamens 
a flower possessed, provided the profes- 
sional and amateur botanist with a 
delightfully easy method of identifying 
plants, although one naturalist, Johann 
Siegesback of St Petersburg, rejected it as 
a "lewd and licentious system". 

Both great and lowly have been 
devotees of the study of Nature. Mr 
Jenkins records that Frederick I, King 
of Sicily and Emperor of Germany, 
became a passionate naturalist through 
falconry and created a number of zoo- 
logical gardens. He could also have 
mentioned the Moghul Emperor, Babur, 
who even during his conquest of India had 
time to observe a handsome plant or an 
unfamiliar animal. 

Natural History has always provided 
a useful role for the amateur. Sir Joseph 
Banks, perhaps the most influential of all 
amateur naturalists, discovered its de- 
lights while a student at Oxford and after 
graduating persuaded his mother to rent 
a house at Chelsea so as to be near the 
Physic Garden of the Society of Apothe- 
caries. lt is said he paid £10,000 for the 
privilege of accompanying Captain Cook 
as naturalist on his first circumnavigation 
of the world. He encouraged Sir James 
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Edward Smith, another enthusiastic ama- 
teur, to buy Linnaeus's collection. of 
plants, insects, shells, minerals and manu- 
scripts. He despatched gardeners to many 
parts of the known world to collect new 
plants for the King's gardens at Kew and 
Windsor. 

Plant collectors were often explorers in 
their own right, travelling through un- 
known lands and risking their lives at the 
hands of hostile natives. Mr Jenkins 
praises the fortitude of David Douglas, 
a gardener at Glasgow Botanic Gardens, 
who was sent to North America in 1823 
by the Horticultural Society of London 
to collect plants. Always ill at ease in 
society, Douglas was happiest on his own 
in the wilds of Canada where he endured 
incredible hardships in his pursuit of 
plants. The observation of Nature meant 
everything to him. There was the occasion 
when, despite extreme hunger, he would 
not allow a Franklin's goose which had 
been shot to be eaten because he wanted 
it for scientific purposes. He was only 
35 when he was trampled to death by an 
enraged bull in an animal pit in Hawaii. 

Not all naturalists led such adventurous 
lives. The French entomologist, Jean 
Henri Fabre, never left his native Pro- 
vence, and the Reverend Gilbert White 
found fulfilment in his acute observation 
of natural things at Selborne in Hamp- 
shire. Indeed many clergymen escaped 
from the tedium of parochial duties 
through a study of botany, ornithology, 
entomology or some other branch of 
Natural History. 

Natural History has its share of 
eccentrics and Charles Waterton, squire 
of Walton Hall in Yorkshire, is one of 
the most endearing of them all. He spent 
ten years building a high wall around his 
estate to protect wildlife from foxes, 
badgers and poachers. In his Wanderings 
in South America, he describes his vain 
attempts to persuade the vampire bat to 
suck his blood, and his bare-back ride on 
an alligator is a classic ancedote. As a 
devout Catholic he could not resist using 
his considerable skills in taxidermy to 
create animal caricatures of leading 
Protestants. He ridiculed Darwin's evolu- 
tionary theory by fashioning a simian-like 
creature from the skin of a red howler 
monkey and solemnly announcing it was 


the missing link in man’s evolutionary 
chain, 

Of course Charles Darwin had to be 
given a chapter in this book but the 
author spares a few pages for his fellow 
evolutionist, Alfred Russel Wallace, who 
meekly, almost masochistically, allowed 
himself to be eclipsed by Darwin. 

Towards the end of his work Mr 
Jenkins admits that it "would more 
accurately be subtitled "Some pioneers of 
Natural History” presenting as it does no 
more than a handful of naturalists”. It 1s 
an easy matter to point to omissions. The 
two great bird painters, Audubon and 
Gould, are incuded but there is no 
mention of any eminent botanical artists 
such as Ehret and Redouté. in fact the 
zoological interests of the author pre- 
dominate. Much of the author's life has 
been devoted to the cause of animal con- 
servation and he informs us rather sadly 
that even Audubon indulged in the 
wanton killing cf birds. He is an active 
supporter of zoos and discusses their role 
in protecting endangered species. 

Mr Jenkins writes with enthusiasm and 
conviction but not always with accuracy. 
There is a sprinsling of mistakes, some 
of them clearly the result of careless 
proof-reading. The Linnean Society was 
founded in 1788 not 1778 (p46); William 
Harvey died in 1557 not 1677 (p192); the 
drawing of a lupin on p96 comes from 
the Botanical Register and not the Botanie 
(sic) Magazine; George Hs. mother, 
Princess Augusta, was never Queen 
(p88). Why are enly floruit dates given 
for Nicholas Culpeper, John Gerard and 
William Turner (ppl91-93) when the 
dates of birth or death are known? 

Compared with Joseph Kastner's A 
World of Naturalists (John Murray: 
London, 1978) and David Allen's Natural- 
ist in Britain: a Social History (Allen 
Lane: London, 1976), Mr  Jenkins's 
account is lightweight indeed. However, 
with its generous znd well chosen selection 
of plates, some in colour, it can be 
recommended as a pleasant introduction 
to the subject. " 





Ray Desmond is Deputy Keeper at the India 
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Assessment of 
medical 
technology 


The Image and the Reality: A Case 
Study of the Impacts of Medical Tech- 
nology. By B. Stocking and S. L. Mor- 
rison. Pp. 80. (Oxford University Press: 
Oxford, London and New York, 
1978.) Paperback £3. 


THERE is no doubt about the public 
appeal of medical technology, as the 
achievement of a remarkable lady in 
Lancashire is raising nearly #1:5 mil- 
lion to buy and run a body scanner 
attests. Yet as the Director-General of 
WHO has recently said: ‘Technology 
for the sake of technology is a 
dangerous addiction-producing drug". 
Stocking and Morrison tackle the pro- 
blems of technology assessment taking 
the body scanner as a case study. 

The development of computed tomo- 
graphic (CT) scanning of the brain by 
EMI, funded by the Department of 
Health and Social Security, was a 
remarkable British success story lead- 
ing to clear improvements in diagnosis 
The same technique--X-rays passed 
through the body, detected by scintilla- 
tion counters coupled to a computer— 
was then extended to whole body scan- 
ning. Whereas clinical evaluation had 
accompanied development of the brain 
scanner, in the case of whole body 
scanners evaluation was more complex 
because of the variety of organs in- 
volved and of alternative diagnostic 
techniques and they were extensively 
introduced before there had been 
thorough clinical evaluation The most 
rapid diffusion of body scanners has 
taken place in the USA (700 machines 
by 1977) and is largely attributable to 
their profitability, whereas in Britain 
diffusion has been much slower (11 
machines by 1977) and for most of 
these the capital, but not running, 
costs have been met by charities rather 
than the health service. 

The impact of body scanners is con- 
sidered in this book on three broad 
levels: for patients, in terms of diag- 
nosis, patient management and out- 
come; for the health service, in terms 
of the pattern and demand for care 
and for the professions involved; and 
for industry involved in manufactur- 
ing the equipment. As assessment of 
any technology must be concerned 
with the future, the authors discuss a 
variety of changes that may affect the 
contribution of CT scanners such as 
future developments of CT scanners, 
&dvances in other imaging techniques 
and in therapy, changes in cost and 
health service expenditure. This of 


course introduces many uncertainties 
but it is surely wise to try and see 
what may develop and the implica- 
tions; as decisions affect the future it 
makes little sense to base them solely 
on an evaluation of the past. 

In assessing medical technology, 
what is ultimately most important is 
the effect on outcome for the patient. 
Randomised controlled trials are com- 
mon, if far from universal, practice 
in evaluating new drugs and therapies 
—however unusual such trials may be 
in assessing accepted techniques and 
therapies—and there is every reason to 
extend them to diagnostic procedures. 
Yet this is only just beginning. 

Stocking and Morrison write “The 
remarkable diffusion of [whole body 
scanners] prior to proper clinical 
evaluation is unsatisfactory". This is 
perhaps an understatement. The image 
of the health service promoted by the 
medical profession in Britain and many 
other countries is that it is crumbling 
from lack of resources and deprived 
of new developments that could be 
saving lives. What may be closer to 
the reality is that much of the medical 
profession is quite unscientiflc, indif- 
ferent to clinical evaluation and infatu- 
ated with technology and that there 
are ample resources if only they can be 
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re-directed from activities which are 
useless and downright harmful into 
those where they may do some good. 
This slim volume is interesting as a 
case study, and one can only lament 
that it is the first such study to ap- 
proach a new technology in a system- 
atic and comprehensive way. It is still 
more valuable in that it poses fund- 
amental questions about the nature of 
health services and the impact of tech- 
nology on these—which is not to doubt 
the highly beneficial effects in many 
cases. Finally, the authors make a posi- 
tive proposal for a Medical Technology 
Assessment Group. With the prospect 
of almost limitless extensions of what 
can be done with medical technology, 
decisions as to what should be done 
can only become more pressing. The 


‘sooner Departments of Health and the 


World Health Organisation regard the 
assessment of medical technology as 
central to their functions the more 
hope there is of shaping health services 
to conform with the needs of human 
life 

David Piachaud 





David Piachaud is Lecturer in Social 
Administration at the London School of 
Economics and Political Science. 





Testicular 


function 


The Mammalian Testis By R. B. 
Setchell. Pp. 450. (Paul Elek : London, 
1978.) £18. 


Tue testis is responsible for the pro- 
duction of spermatozoa and testicular 
hormones. Highhghts of spermatozoa 
production include the initial mitotic 
divisions, the setting aside of stem cells 
which will re-initiate the spermato- 
genic process at some later date, 
meiosis, and finally, the dramatic meta- 
morphosis of the prospective gamete 
that results in the formation of the 
acrosome, flagellum and mitochondrial 
helix and in the condensation of 
nuclear chromatin. Interestingly, many 
of these events occur only if the pros- 
pective gamete is sequestered behind 
the blood-testis barrier formed by the 
Sertoli-Sertoli occluding junctions 
bathed in fluids rich in steroid hormones 
and protected from noxious stimuli 
such as elevated temperature and radia- 
tion. 1 

Dr SetcheH’s book deals with all the 
above aspects of testicular function. 
This is a formidable task because it 
requires that the author be knowledge- 
able in anatomy, physiology, bio- 


chemistry and endocrinology. For the 
most part, Dr Setchell achieves this 
difficult task with the result that the 
book is informative, clearly written, 
well illustrated and completely refer- 
enced. It will provide a valuable source 
of information for all those interested 
in testicular structure and function. 
The chapters on vascular and nervous 
supply of the testis and scrotum, on 
fluid secretion and entry of substances 
into the seminiferous tubules, and on 
testicular thermoregulation are ex- 
tremely good and reflect the author’s 
long-standing research interest and 
expertise on these subjects. The chap- 
ters on spermatogenesis, endocrinology 
of the testis and endocrine control of 
the testis are presented in a thorough 
and professional manner. The chapters 
dealing with testicular metabolism and 
naturally occurring and induced dys- 
functions of the testis are informative 
but not insightful. They consist pri- 
marily of a recitation of literature 
references and contain little or no syn- 
thesis of concepts Overall, this is an 
excellent book and Dr Setchell should 


be congratulated. 
Larry Ewing 





Larry Ewing is Professor and Head of the 
Division of Reproductive Biology in the 
Dynamics, 


Public Health, Baltimore, M 
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Physicochemical Aspects of Protein 


Denaturation 

by S. Lapanje, University of Ljubljana, Yugoslavia. 

Provides the first up-to-date account of protein denaturation to 
be advanced over the past eight years. It outlines physico- 
chemical aspects, selecting and organizing material to 
accommodate readers of different educational and pro- 
fessional backgrounds. The approach is pragmatic, giving a 
concise and accurate review. Readers need only possess a 
knowledge of elementary physical chemistry and proteins. 
Accounts of experimental methods are self-contained and no 
consultation of specialized monographs is required. Particular 
attention has been paid to the macromolecular properties of 
unfolded (denatured) proteins, incorporating — in the tables — 
а! important physicochemical data. And, although little 
unpublished material is included, several physicochemical 
aspects of protein denaturation have been submitted to a 
critical analysis; this holds especially true for the thermo- 
dynamic analysis of denaturation. 

Careful reading of the book will lead to a real understanding of 
the phenomenon and do away with many misconceptions that 
can result from superficial or casual studies, and the indication 
of still unsolved problems should promote investigations into 
their solutions. 

December 1978 344 pages 
0471 03409 6 $40.00/£19.50 


The Chemistry of Soil Constituents 


edited by D.J. Greenland, Department of Soil Science, 
University of Reading, 

and M.H.B. Hayes, Department of Chemistry. 

University of Birmingham. 

A study of the chemistry of soils falls naturally into two sections 
— the static and the dynamic. This is the first of two 
companion volumes to deal with these two aspects of soil 
chemistry. 

Contents; Foreword; Preface; Soits and Soil Chemistry; The 
Structure and Chemistry of Soil Clay Minerals; The Chemistry 
of Soil Organic Colloids; Surfaces of Soil Particles; Surface 
Electrolyte Interactions; Water on Particle Surfaces; Index. 
December 1978 482 pages 
0471 99619 X $55.00/£26.00 


Saharan Dust — Mobilization, Transport, 
Deposition: SCOPE 14 


edited by C. Morales, Swedish Natural Science Research 
Council, Stockholm, Sweden. 


Scientists have recently estimated that no less than 60-200 
million tons of soil dust have been blown out of the Sahara and 
surrounding areas over the Atlantic Ocean each summer 
during the early 1970s. This enormous transport of soil dust 
seems to coincide with the years of drought and famine in the 
Sahel of West Africa. 

Which processes are responsible for this transport of dust and 
what does it mean in terms of theloss of productive soil by wind 
erosion in Africa, of the pollution of the air and possible impact 
of climate, and of the supply of nutrients and soil particles to the 
ocean and land areas under the dust trajectories? 

In order to highlight these questions a Workshop on Saharan 
dust was arranged in Gothenburg, Sweden, in April 1977. 
with the participation of scientists of different disciplines, and 
the outcome of this workshop has been published in the 
present SCOPE 14 report on Saharan Dust Transport which 
contains the Review and Recommendations from the workshop 
together with the sixteen lectures given at the workshop. 
(SCOPE Series) 


February 1979 


316 pages 
0471 99680 7 


(paper only) $33.00/£13.25 
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Moulds, Toxins and Food - 

by C. Moreau, Laboratoire de Biologie végétale, Faculté des 
Sciences, Brest; 

translated and edited by М.О. Moss, Department of 
Microbiology, University of Surrey. 

Human and animal foodstuffs as well as the raw materials from 
which they are manufactured are susceptible to spoilage by 
moulds, many of which produce toxic metabolites. Sub- 
sequently these toxins may cause illness and even death in 
man and his domestic animalis. 

In this comprehensive account of fungal texins Claude Moreau 
adopts a multi-disciplinary approach covering mycological, 
biochemical, chemical, veterinary and nutritional aspects of 
the subject. The book has been considerably updated since 
the publication of the French edition and contains an additional 
chapter by the translator on recent developments in the study 
of mycotoxins. It is well illustrated and there isan extensive list 
of references. 


February 1979 492 pages 
0471 99681 5 . $49.50/£21.00 
Venoms: Chemistry and Molecular 
Biology 


by A.T. Tu, Colorado State University. 

Analyzes the venom actions of snakes, scorpions, spiders, 
bees, wasps, hornets, ants, and Gila monsters to better 
understand their chemistry and pharmacology. Describes the 
enzyme and protein content of venoms, giving extensive 
treatment to the molecular basis of venorn actions. Discusses 
the effects of snake venoms on cell membranes and blood 
coagulation as well as snake neurotoxins and nerve growth 
factors. Also discusses the effects of cobra venom on the 
complementary system and organ transp-antation. 

July 1977 572 pages 
0471 89229 7 $49.35/£26.25 


Advances in Enzymology and Related 
Areas of Molecular Biology Vol. 47 


edited by A. Meister, Cornell University Medical College. 
The series reviews progress made in the various branches of 
this expanding science and has become essential to all who 
wish to keep abreast of the literature. (Advances in Enzymology 
Series) 

Contents: Oxygen Reduction by the P&50 Monoxygenase 
Systems; Prediction of the Secondary Structure of Proteins 
from their Amino Acid Sequence; Cerbonic Anhydrase: 
Structure, Catalytic Versatility, and inhibition Hormonal 
Modulation of Specific Messenger RNA Species in Normal and 
Neoplastic Rat Liver; Transport of Folate Compounds in 
Bacterial and Mammalian Cells; Terminal Deoxynucleotidyl 
Transferase: Biological Studies; The Amino Acid Code; indexes. 


January 1979 БОВ pages 
0471 041165 $44 00/ £23.00 


Primate Ecology: 
Problem-Oriented Field Studies 


edited by R.W. Sussman, Washington Uriversity. 

Presents twenty-eight articles, represemting some of the 
earlier attempts at problem-oriented field research, on this 
recent dimension of primate studies. It explores a number of 
hypotheses concerning relationships between ecological 
adaptations, morphology, and social studies, The investig- 
ations concentrate on a single species in two or more 
geographical areas with different habitat types, or on anumber 
of species living in the same area. Prosimians, New World 
monkeys, Old World monkeys, and apes are all covered and the 
section introductions provide historical, methodological, and 
background perspectives. 
January 1979 

0471 03823 7 


608 pages 
$17.25/£9.50 
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Soviet Scientific 
Reviews 


a new series of authoritative annual 
reviews of Soviet science containing 
the most significant developments 
in physics, chemistry, astronomy, 
mathematical physics and biology 


Edited by V, E Goldanskii (Institute of 
Chernical Physics, Moscow), R, Z. 
Sagdaev {institute for Cosmic Studies 
scow!, G. Friedlander (Brookhaven 
inal Laboratory) and M. Lévy 
tUniversité Pierre et Marie Curie, Paris) 
















series is published in English, 
spices of the Academy of 
the U.S.S.R., and aims at 
ent scientific 

R. more readily 

to other scientists, 
se annual volur 














tten by a Soviet expert in the 
пес Most articles were written 
orginally in Russian, then translated 
into English, with the amt 
publication Hence mos the articles 
ear in print for the first time in these 
imes, in any language 













SECTION A: PHYSICS REVIEWS 
Volume 1 (1979) edited by I. M. 

Khalatnikov Director, L. D. Landau 
І al Ph 








Contents: For 


мого U. M, Khalatnikav). 
The Inve l 


?^roblem and in- 
stion by Algebraic 
etry (A. A. Belavíni; Superfiuid. 
iydrodynamics and Inhomo $ 
G. E. Volovik); Ni onenuilibrium 
omena in Superconductors (B. L 
пем). топ Theory (V. E. лар 
and S. V. Мапакоу\, C і C 
Pee tons ind Electron- tHe i sin 
uconductors (Ya. B. Pokrovskii and 
» в. Timofeev). Rad ^"quencey and 
Opt cal Investigatior Sin Waves in 
Ani fercomagnets (A. S. Borovik- 
Romanov, V. б. Zhotikov, I. M. Kreines, 
L. A. Prozorova and A, I. Smirnov} 
Spring 1979 approx. 400 pages 
$60.00/125 Dfl (tent.) 
ISBN: 0 906346 06 1 





























Sections scheduled for publication 
in 1979 or 1980: 


A. PHYSICS REVIEWS 
Volume 1 (1979)-- Volume 2 (1980) 
edited by I. M. Khalatnikov 


B. CHEMISTRY REVIEWS 
Volume 1 (1979) Volume 2 (1980) 
edited by M, E. Vol'pin 


C. MATHEMATICAL PHYSICS 
REVIEWS, Volume 1 (1980) 
edited by S. P. Novikov 


D, BIOLOGY REVIEWS, Volume 1 
(1980) edited by V. P. Skulachev 


E, ASTRONOMY REVIEWS, Volume 1 


ACCELERATORS AND 
STORAGE RINGS 


A series edited by 
John P. Blewett and Francis T. Cole 


Volume 1: 
THE MICROTRON 


by S. P. Kapitza and V. N. Melekhin 
Translated from the Russian by 

|. N. Sviatoslavsky 

English edition edited by E. M. Rowe 


Contents in brief: Tho Principle of 
Operation of the Microtron and Types of 
Microtrans; Phase Motion in the Micro- 
tron; Particle injection Calculations; 
Particle Focusing; Construction of a 
Microtron; Physical Characteristics of 
the Microtron; Experimental Study of 
the Microtron; Continuous Wave Micro 
tron; Engineering Calculations; and 
Motion Characteristics as Expressed by a 
Second Order Matrix 


December 1978 
$22.00/45 Dfl 





222 pages 
ISBN: 0 906346 010 


Volume 2: 
COLLECTIVE METHODS OF 
ACCELERATION 


Edited by Martin Reiser and 
Norman Rostoker 





Based on a conference heid in Laguna 

Beach in 1978 which was dedicated to 
the 1 Budker, this book reports 
on E tron Ring A tators], 

IFA йо naton Front A 
magn ally insulated ton idodes and 
Luce des, ARA (Auto Resonar 
Accelerator), СЕТА (Collective Fe 


lon Accelerator] and other new ideas in 
this area 


Spring 1979 
$43.00/89 ОН (tent.) 
ISBN: 0 906346 05 3 














approx. 678 pages 


SURVEYS IN HIGH 
ENERGY PHYSICS 
An International Journal 


Editor in-Chief: John М. Charap, Queen 
Mary College, University of London 
Associate Editors. К. 191 (Tokyo) M. 
Lévy (Paris), В. Е. Peierls (Brookhaven), 
A. Polyakov (Moscow), and A. Salam 
(London) 








Quarterly publication scheduled for 
1979 ISSN: 0142-2413 


Subscription rate: $47.50/90 ОН (per 
volume of 4 issues, including postage) 


THE UNIFICATION OF 
ELEMENTARY FORCES 
AND GAUGE THEORIES 


Edited by David B. Cline and 
Frederick E. Mills 


Proceedings of the Ben Lee Memorial 
International Conference on Parity 
Nonconservation, Weak Neutral · 
Currents and Gauge Theories, Fermi 
National Accelerator Laboratory 


Contributors C. N. Yang, A. K. Mann, A. 
Rousset, D. Haidt, H. Faissner, F. Reines. 
G. Feinberg, P. G. H. Sandars, E. D. 
Cummins, M. A. Bouchiat, L. Pottier, 

E. G. Adelberger, R. Wilson, C. A. 
Barnes, M. M. Lowry, J. M. Davidson, 

R. E. Marrs, F. B. Morinigo, H. E. 
Swanson, D. Tadić, D. E. Nagle, M. L. 
Perl, L. M. Lederman, D. D. Reeder, E. 
Radermacher, V. Barger, D. М. Schramm, 
G. Steigman, M. J. Perry, J. A. Wheeler, 
W. A. Fowler, M, Goldhaber, C. S, Wu, 
H. D. Politzer, F. Wilczek, S. L. Glashow, 
K. C. Pati, J. D. Bjorken and S. Weinberg 


January 1979 
$39.50/75 рн 


792 pages 
ISBN: 0 906346 00 2 


PERSPECTIVES OF 
FUNDAMENTAL PHYSICS 


Edited by Carlo Schaerf 


Proceedings of the conference held 
at the University of Rome dedicated 
to Edoardo Amaldi 


Contents: H. Feshbach: Nuciear Struc 
ture; N. Cabibbo: Hadron Ph 
б. Salvini: Colliding Bean Phys 
L. Maiani: Lepton Physics; E, Fiorini: 
Weak Interactions. Experiments: 

B. eres Neutrini; R. Gatto: 

Gauge Theories and Supera ty; 

G. Piezella. xperimental Gravitation, 
B. Rossi: X-Ray Sources in Our Galaxy; 
E. Segrè: The Early Days of Nuclear 
Physics. E, Amaldi: The Years of Recon- 
struction, L. Van Hove: H arch Trends 
and J. B. Adams: Large Projects 


June 1979 approx. 300 pages 
$26.50/50 Off (tent), 6 x 9, flexicover 

























Prices, which include postage and 
handling, and publication dates are 
subject to change without notice. 
Series titles may be ordered on a 
continuation-order basis. Please 
write to publisher for details. 


harwood academic publishers 





p.o. box 786, cooper station 
G new york, new york 10003 
poststrasse 22, 7000 chur, schweiz 


chansitor house, 37/38 chancery lane 
london wc2a 7el u.k. 
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Cooperative 
equilibria 

Cooperative Equilibria in Physical Bio- 
chemistry. By D. Poland. Pp. 344. 


(Clarendon/Oxford University Press: 
Oxford, 1978.) £14. 


COOPERATIVITY is an important pheno- 
menon in molecular biology. It gives 
rise to sigmoidal binding curves, to 
allosterism, to steep conformational 
transitions, and plays a major role in 
assembly processes Quantitative treat- 
ments were developed for many simple 
systems and' a general understanding 
was obtained for more complex ones. 
So far, the only summaries available 
were contained in several review 
articles and in a rather specialised book 
by Poland and Scheraga (Theory of 
Helix Coil Transition in Biopolymers, 
Academic, 1970) 

The present book takes a more 
general approach. It starts from basic 
principles, gives a simplified presenta- 
tion of the equilibrium theory and 
treats some specific systems as 
examples for its application. The book 
originated from a series of courses 
presented by the author to students at 
Johns Hopkins University at various 
levels of their curriculum It has the 
nature of a lecture script, is well writ- 
ten and reflects considerable teaching 
experience. The first chapter on simple 
multiple equilibria is rather elemen- 
tary. In a long second chapter some 
concepts of statistical mechanics are 
repeated and some basic physical prin- 
ciples of intermolecular forces are 
presented. Three more specific and 
more demanding chapters are on tran- 
sitions in linear biopolymers composed 
of single and multiple chains and on 
cooperative binding of ligands to linear 
macromolecules and to a two-dimen- 
sional lattice, A last chapter deals with 
the complications which are intro- 
duced when macromolecules are not 
composed of identical, repeating units 
but have a more complex sequence. 

The main advantage of the book is 
that it may serve as a well written text 
for course work or for self-study. It 
lacks, however, a treatment of coopera- 
tivity in self assembly, a topic which is 
rather important and straightforward 
for linear systems like actin filaments or 
bacterial flagella. Two- or three-dimen- 
sional problems like the folding of 
globular proteins or transitions in mem- 
branes are not treated in any detail. 
Most importantly, I feel that a course 
on cooperative phenomena will be in- 
complete if the important kinetic 
features of cooperative systems are left 
out completely. My own teaching 
experience shows that equilibria and 


kinetics can be presented together with 
considerable advantage for a deeper 
understanding. 

The author did not intend to pre- 
sent a systematic coverage of the 
research in the field of cooperative sys- 
tems. The usefulness of the book as a 
review and as a source of references 
is therefore limited. References to the 
literature are few in number and in- 
complete. A rather severe disadvan- 
tage is the lack of a subject index. It 
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has to be emphasised, however, that a 
short monograph like this can never 
satisfy all wishes and that the book 
wil certainly be welcomed by many 
students and research workers who 
wish to be introduced into the field of 


cooperative equilibria. 
Jürgen Engel 


Jürgen Engel is Professor of Biophysical 
Chemistry at the Biozentrum of the Uni- 
versity of Basel, Switzerland. 





Moorlands 
and montane 
grasslands 


Production Ecology of British Moors 
and Montane Grasslands. Edited by 
О. W. Heal, D F. Perkins and W. M. 
Brown. Pp. 426. (Springer: Berlin, 
Heidelberg and New York, 1978.) 
DM108; $54. 


Tuis book comprises a series of re- 
search reports from the British part of 
the International Biological Programme 
CBP) studies, ташу from Moor 
House in the northern Pennines and 
the sheep-grazed montane grasslands of 
Snowdonia. The overall emphasis is 
upon the development of ecosystem 
models for the two habitats based 
upon a variety of experimental! studies 
of the component parts, together with 
mathematical models and simulations 


„of certain critical processes, such as 


production, 
accretion. 
Much of the data from the Moor 


decomposition and peat 


‘House IBP study has been published 


elsewhere, though it is useful to have 
much scattered data collated and con- 
densed here The field studies of 
Smith and Forrest and the controlled 
environment work of Grace and Marks 
on the primary productivity of the 
blanket mire ecosystem have provided 
an interesting set of data from a gener- 
ally neglected habitat. It is particularly 
useful to have in the same volume 
some comparable data from the 
southern English heaths (Chapman and 
Webb) and from the Cairngorm dwarf 
heath communities (Summers). Mean 
production values for the Moor House 
Calluna/Eriophorum blanket mire sites 
are about 250 gm уг, those from 
Dorset heaths about 320 gm" уг”, and 
from the Cairngorms come figures 
which vary considerably with ,such 
factors as soil fertility and degree of 
exposure, from 75-300 gm"? уг! Given 
the generally small sample areas 
studied, these figures are in very satis- 
factory agreement. , 


One advantage of publishing a col 
lection of site orientated papers is the 
opportunity of putting together work 
which would otherwise be published in 
widely scattered disciplinary journals. 
So it is valuable to have the Moor 
House work on fauna and microbes in 
the same volume as the primary pro- 
ductivity work. A paper which will 
prove of particular value to peatland 
ecologists in general is that by Martin 
and Holding on the factors influencing 
microbial activity in blanket peat. 
Microbial activity was stimulated by 
adding an organic carbon source or by 
adding nitrogen, indicating nutrient 
limitations. The physical structure of 
the peat may restrict access to organic 
reserves. From the production and de- 
composition data, Jones and Gore con- 
struct a simulation model and Clymo 
develops a model of bog growth. 

The Welsh grassland work is similar 
to that at Moor Mouse in that it deals 
with a montane habitat, but it differs in 
many other respects, such as the den- 
sity of sheep. On Pennine blanket mire 
this was only 0.13 per hectare, 
whereas on the Agrostis/Festuca grass- 
lands in Snowdonia it attained 9 per 
hectare. So the studies of sheep popu- 
lations (Dale and Hughes) and their 
productivity (Brasher and Perkins) 
form important constituents of the 
Snowdonian work. The final summary 
of energy and nutrient flow patterns by 
Perkins is particularly useful and could 
have been emulated with profit by the 
Moor House team. From the diagram 
produced one can discern at a glance 
some fascinating aspects of the sheep- 
grazed ecosystem, such as the fact that 
there is more potassium in sheep dung 
(per unit area) than in sheep, and that 
earthworm nitrogen exceeds that in 
sheep whereas sheep have twice the 
energy content. 

The bibliography is extensive and the 
book will prove an essential reference 
work to all who conduct research into 
these montane environments in Britain. 

Peter D. Moore 


Peter D. Moore is Senior Lecturer in Plant 
Sciences at King’s College, University of 
London, UK. 
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Thin film devices 
Active and Passive Thin Film Devices. 
Edited by T. J. Coutts’ Pp 858. 
(Academic. New York, London and 
San Francisco, 1978.) £60. 


Ir one expects the value of a technical 
work to keep pace with its cost and 
size then at a price of £60 at a weight 
of over 31b a purchaser is likely to 
be disappointed with the work under 
review. Unfortunately the subject mat- 
ter is neither sufficiently thorough in 
its range nor adequately coordinated 
to constitute a satisfactory reference 
text on the chosen theme. How, you 
may ask, is this possible with 858 pages 
at the editor's disposal: the answer is 
that the editor has not adopted a policy 
towards his reader when choosing the 
subject matter. This is an applied 
physicist’s work not an engirieer's, and 
equal emphasis is given to realised 
devices as well as promising ones and 
failures, which might be acceptable if 
the reader were warned accordingly at 
the outset. 

The book, containing thirteen chap- 
ters by specialists, covers thin film pre- 
paration, electrical properties of film 
materials and their uses or potential 
uses as passive elements and active 
components, The chapters describing 
solar cells, optical waveguides and 
magnetic and superconducting devices 
are useful reviews, but the references 
and appended notes indicate that the 
book was written by 1976. Nearly two 
years in printing is too long for such a 
rapidly moving field; consequently 
molecular beam epitaxy is given a 
proof reference and solar thermal con- 
verters which are in advanced develop- 
ment receive three lines of text. 

The development history of thin film 
systems is littered with failures in 
deposition techniques and film ma- 
terials, but such is the speed with 
which novel devices are invented that 
the search for ‘new materials and 
growth processes continues unabated 
(except perhaps in the UK). Under 
such circumstances what should an 
editor include in a book on thin film 
devices? First, he must decide to 
whom the collected reviews are 
directed: the dust-cover suggests phy- 
sicists, electronic and production 
engineers and material scientists. This 
is a broad readership that one cannot 
expect to have the discrimination of 
specialists when judging which devices 
are of practical value and which of 
historical interest. Thus the editor has 
given the same emphasis to thin film 
transistors and threshold switches 
(although their effective use after a 
decade is still awaited) as to resistors, 
capacitors, photoconductors, and so 
on, Of course one does not want to 
waste knowledge of physical character- 


istics arising from an unfulfilled pro- 
duct development but much of this 
could have been discussed in the chap- 
ters devoted to electrical properties of 
film materials. In view of the ппрогі- 
ance of silicon technology the most 
serious weakness perhaps is the omis- 
sion: of a chapter solely devoted to the 
growth and uses of epitaxial and 
amorphous silicon and of silicon com- 
pound films. Also there is an artifici- 
ality in restricting discussion to wholely 
thin film systems when thin films are 
so vital a part of most solid-state 
devices 

When discussing the history of the 
use of thin films in electronics T. J. 
Coutts states that there would have 
been no advantage of using thin film 
resistors in the period of bulky valve 
circuitry, but the requirements of 
micromuniatursation made their use 
essential. This is an incomplete view of 
what occurred Thin film resistors 
using NiCr alloys came into use in 
World War II for waveguide attenua- 
tors апа were later used for precision 
resistors The reason why vacuum de- 
posited fllms were not used in valve 
circuits was that they broke down when 
operated at voltages in the 100V 
region However, development con- 
tinued ‘in the 1950s on transparent 
conducting coatings for windows and 
on the deposition of insulating fllms 
and the metallising of capacitor foils 
(which commenced before the War). 
.Thus, considerable know-how existed 
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on passive devices when the transis- 
tor became a production item and a 
more correct view is the.convergence 
of technologies resulting in the manu- 
facture of hybrid and integrated cir- 
cuits. 

In the chapter on ‘Preparation 
Methods for Thin Film Devices" the 
author has chosen to describe a varlety 
of techniques rather than concentrate 
on specific kinds favoured for making 
the devices considered in the other 
chapters. The emphasis given to metal 
filaments and boats for evaporation 
suggests a subject treatment one would 
have found a decade or more ago and 
the availability of such refractory ma- 
terials as B/Ti/N complexes for the 
high rate evaporation of aluminium is 
not mentioned Also magnetron sput- 
tering is not described although it has 
helped to cause a renaissance in the 
use of sputtering in solid-state tech- 
nology and most of the advances 
leading to cylindrical and planar 
magnetrons were made by 1974, that 
1$, before the book was written. 

The book is not an embracing text, 
and is inadequate in its treatment of 
deposition processes and lacks balance 
in its choice of devices. However, as 
stated above, there are several specia- 
list chapters which are valuable 
reviews 

L. Holland 


L Holland is Head of the Unit for Plasma 
Materials Processing at the University of 
Sussex, UK. 
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seismology | 
‘Reflection Seismology: A Tool for 
Energy Resource Exploration. By 


K. H. Waters Pp 377. (Wiley: New 
York and Chichester, UK, 1978.) 
£19.75. 





By far the most successful method of 
determining the structure ‘of the upper 
few kilometres of the Earths’ crust 
has been and continues to be the art 
and science of reflection seismology. 
This book provides an essentially com- 
plete survey of the subject from the 
basic physical principles to the multi- 
tude of data generation and analysis 
tools currently used by the oil explora- 
tion industry. The volume is perhaps 
too short on mathematics. However, 
the physics, including the underlying 
assumptions of each technique, are 
generally well presented. i 

The volume begins with a general 
description of the pertinent aspects of 
elastic wave propagation in the upper 
crust of the Earth Following chapters 
cover seismic energy generation tech- 
niques, data-gathering methods, stack- 


ing and filtering techniques, and the 
reduction of processed data to the 
geometry and physical properties of the 
rock formations below, Introductions 
to such recent and current topics as 
homomorphic deconvolution, adaptive 
filtering, maximum entropy spectral 
analysis, integral and differential wave 
equation migration, shear waves, high 
frequency methods and three- 
dimensional data collection and analysis 
are included. 

The professional exploration seis- 
mologist will find that they know a 
great deal more about many of the sub- 
jects covered in this book, and students 
whose desire is a thorough knowledge 
of any given topic will require a more 
detailed and explanatory presentation 
However, the volume is well referenced 
(up to about 1973). The book is 
appropriate and recommended for 
those who want a basic technical intro- 
duction to exploration seismology from 
beginning to end. 

Tom Landers 





Tom Landers is a staff member at the 

Appie Seismology Group of Lincoln 
tory, Massachusetts Institute of 

Technology, Cambridge, Massachusetts 
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Norman Feather, 1904-1978 


PROFESSOR Norman FEATHER, FRS, 
died on 14 August 1978 at the age of 
73. His death has removed one of the 
last of that brilliant group of young 
men who gathered round Rutherford at 
the Cavendish Laboratory, and later 


guided the postwar expansion and 
flowering of academic physics in 
Britain. 


Feather was born at Crimsworth, in 
the West Riding, the son of two 
school teachers. At Bridlington School 
he came under the influence of an 
inspiring science master, and this led 
him to decide to study physics at 
Trinity College, Cambridge. In 1926 
Feather was awarded his BA degree at 
Cambridge, and the BSc degree of the 
University of London. 

For the next three years he worked 
as a research student, under Chadwick, 
on the development of cloud-chamber 
techniques and their application to a 
study of the rare long-range a-particles 
from Radium-C. In 1929 he was 
awarded а Fellowship of Trinity 
College. The award was for a period 
of four years, and he spent the first 
of these years at Johns Hopkins Uni- 
versity in Baltimore, at the behest of 
R. W, Wood. He returned to Trinity 
College in 1930 and  submitted— 
successfully—his PhD thesis. 

In his luggage Feather had brought 
back with him 300 'dead' radon bulbs, 
from the Kelly Hospital in Baltimore, 
containing in all about 100 millicuries 
of polonium. It was with this polonium 
that Chadwick, Dee, and Feather 
established in 1932 the production of 
neutrons when beryllium was bom- 
barded by a-particles, and in particular 


Feather, using his automatic cloud- 
chamber, produced the first clear 
evidence for the transmutation of 


nuclei by neutrons. 

Feather's next cloud-chamber experi- 
ment was a study, jointly with 
Bretscher, of the photo-disintegration 
of the deuteron. The value they ob- 
tained for the deuteron binding energy 
was challenged by Bethe, on the basis 
of his theoretical studies of the rate of 
energy loss of charged particles in mat- 
ter. The Bretscher-Feather value was 
subsequently vindicated by more re- 
fined experiments elsewhere. Feather 
had never doubted that it would be: his 
calibration data had been accumulated 
during years of painstaking observa- 
tion and comparison. 

Feather frequently pointed out to his 
colleagues and juniors that he had 


John Dewar Studios 





to 


the higher 
reaches of mathematics nor to any 
quantum theory—‘just a little applied 
mathematics’. And he would go on to 
maintain, with a glint in his eye, that 
there were still things to do in nuclear 


never been exposed 


physics where insight and intuition 
were the best guides. When it was 
necessary his mathematics tended to 
rise to the occasion, as in his early 
studies of the statistics of the prompt- 
and  delayed-coincidence techniques 
which he used in f-ray spectrometry 
and the investigation of nuclear iso- 
merism, in the late 1930s. But when 
his insight and intuition were involved 
they were backed up by a vast and de- 
tailed knowledge of nuclear system- 
atics, which found expression in his 
monograph on Nuclear Stability Rules 
(1952) and in his later writings on 
nuclear fission. 

When Chadwick went to the Chair 
of Physics in Liverpool in 1935 Feather 
went with him, but remained there for 
only one year, during which he wrote 
his first undergraduate textbook, An 
Introduction to Nuclear Physics. In 
1936 he returned to a lectureship in 
Cambridge, in charge of his own re- 
search group. A year later Rutherford 
died, and subsequently Feather found 
himself with more responsibility for 
the nuclear work in the Cavendish 
Laboratory. During the war years he 
carried a very heavy administrative 
load, both in the teaching programme 
and in the war-time work on nuclear 
fission. 
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In 1945 Feather was elected to the 
Fellowship of the Royal Society, and 
appointed to the Chair of Natural 
Philosophy in Edinburgh. He occupied 
this chair, as Head of Department, for 
30 years. His first task in Edinburgh 
was to build up a department in which 
the techniques which had transformed 
nuclear experimentation during the war 
years could be developed and exploited. 
He was joined by a number of talented 
young men, and work was soon under 
way іп the B anc y-ray spectrometry 
of (mainly) naturally radioactive 
species, and in radiation chemistry and 
fast-neutron physics. Feather was not 
a man to stifle or constrain those of his 
staff who wanted to work in other 
fields, and projects on cosmic rays, 
meteorology, fluid dynamics and metal 
physics got under way too. The under- 
graduate curriculum was drastically 
overhauled, and by his own example 
Feather transmitted his view of the 
interdependence of undergraduate 
teaching, postgraduate training, and 
research. 

With his Department running 
smoothly, Feather for a time con- 
centrated his energies on writing and 
produced a series of texts aimed at 
undergraduates. Although his rather 
mannered style was not altogether 
congenial to the undergraduates of the 
1950s and 1960s, the combination in 
these books of care for language, 
extensive knowledge, and a scholarly 
and disciplined approach, was an 
affirmation of values which the author 
felt impelled to exhibit to his students. 

In the 1960s Feather’s attention 
turned again to the fission process, and 
a series of papers followed which dealt 
with the process of ternary fission, and 
especially the a-particles emitted in 
fission. His lifelong interest in the 
various aspects of a-emission continued 
into his retirement. His penultimate 
paper, published in 1978, discussed the 
two solutions that have been proposed 
to the problem of the polonium haloes 
in mica. Something of the essence of 
the man flashes out in a characteristic 
sentence: ‘Because these two sugges- 
tions appear to exhaust the logical 
possibilities of explanation, it is tempt- 
ing to admit that one of them must 
be basically correct, but whoever would 
make this admission must be fortified 
by credulity of a high order.’ 

Feather's keen and incisive mind and 
his remarkable detachment made him 
a distinguished academic administrator. 
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His services to such bodies as the 
Scottish Universities Entrance Board, 
the Home Defence Scientific Organiza- 
tion, and the Royal Society of Edin- 
burgh (which he served for many years, 
as Councillor, as General Secretary, 
and then as President) were generously 
given and widely appreciated. The 
University of Edinburgh acknowledged 
his notable services to the University 
community by the award of the 
Honorary Degree of Doctor of Laws, 
just a few weeks after he retired. 

R. M. Sillitto 


Herbert Dingle 


Tue well-known spectroscopist, astro- 
physicist, philosopher of science and 
critic of relativity, Herbert Dingle, died 
in Hull on 4 September 1978, not long 
after his 88th birthday. 

Although of Cornish descent, Dingle 
was born in London, close to his 
beloved Surrey county cricket ground, 
the Oval, on 2 August, 1890. He spent 
most of his boyhood and youth in 
Plvmouth, where his mother had re- 
turned on the death of her husband. 
After leaving school at the age of 
fourteen, Dingle worked for over ten 
years as a clerk by day and studied, 
as best he could, by night. In 1915 he 
won a Royal Scholarship for Physics 
at Imperial College. He graduated in 
1918, having already been appointed 
to the staff of his department. The same 
year he married Alice Westacott. She 
predeceased him by over thirty years. 
He remained devoted to her memory. 
They had one son who became an 
industrial chemist, but he too died 
before his father. 

More than three-quarters of Dingle's 
academic career was spent at Imperia! 
College, where he was eventually pro- 
moted to a chair in natural philosophy 
in 1937. Originally, he specialised in 
spectroscopy under Alfred Fowler, the 
successor of Norman Lockyer. On 
Fowler’s retirement in 1935, he became 
head of the spectroscopy section. 
Under Fowler, Imperial College had 
been in the forefront of physics, in the 
great days of line spectroscopy follow. 
ing the introduction of the Bohr atom. 
It was no fault of Dingle's that his time 
as head of the spectroscopy section co- 
incided with a world-wide lull in the 
subject, prior to its revival, under the 
impact of nuclear physics, in the 
nineteen-fifties. Nevertheless, Dingle did 
useful work in spectrochemical analysis 
and pioneer research on the spectra 
of fluorine II and HI. He wrote much 
on the laboratory and astronomical 
applications of spectroscopy. 

His book Modern Astrophysics, 
published in 1924, was one of the first 
on that subject. He was also part 
author of The Splendour of the 
Heavens, published in 1923, and The 


Life and Work of Sir Norman Lockyer, 
published in 1929. 

From the early nineteen-twenties 
Dingle was actively concerned with the 
philosophical as well as with the 
practical aspects of physics. He de- 
veloped a highly professional interest 
in the philosophy of science and as a 
writer in that field he became very 
well known, particularly in the United 
States, which he visited for two lengthy 
periods in the thirties, the second time 
as Lowell Lecturer at Harvard. During 
the prolonged absence of Sir George 
Thomson from Imperial College during 
World War II Dingle was effectively 
in charge of the physics department. 

Dingle's philosophy of science, as 
expounded in his books Science and 
Human Experience (1931) and Through 
Science to Philosophy (1937), the latter 
based on his Lowell Lectures, was in 
the new unfashionable tradition of 
British empiricism. He believed that 
the essential basis of science was the 
rational correlation of elementary 
experiences which can be made objec- 
tive. This led him to adopt a philosophy 
which had much in common with that 
of Ernst Mach. 

In 1946 Dingle was appointed 
Professor and Head of the Department 
of History and Philosophy of Science 
at University College, London, a post 
that he held until his retirement in 
1955. Although no longer active in 
spectroscopy and astrophysics, he was 
elected President of the Royal Astro- 
nomical Society from 195i to 1953. 
He was also President of Commission 
41 (History of Astronomy) of the Inter- 
national Astronomical Union for some 
years and was a Vice-President of the 
International Union for the History of 
Science from 1953 to 1956. He founded 
in 1948 the Philosophy ‘of Science 
Group of the British Society fur the 
History of Science (which later became 
the British Society for the Philosophy 
of Science). Two years later, with the 
support of the late Dr H. P. Morrison 
of the publishing firm Nelson, he 
founded The British Journal for the 
Philosophy of Science. From 1955 to 
1957 he was President of the British 
Society for the History of Science. 

In the latter year he began his 
famous campaign against the special 
theory of relativity which dominated 
the last twenty years of his life. He had 
originally been sympathetic to the 
theory, particularly because of the 
ostensibly ‘operational’ philosophy that 
had guided Einstein in its creation, and 
in 1940 he published a Methuen mono- 
graph on it. His doubts originated 
when, while reading Sir George 
Thomson’s The Foreseeable Future, he 
came across a passage relating to the 
‘clock paradox’. As a result, he engaged 
in a controversy in the correspondence 
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columns of Nature with Professor 
W. H. McCrea, FRS, which led to a 
tremendous resurgence of interest in 
the ‘paradox’ and a spate of publica- 
tions on it. 

Later Dingle attacked the entire 
concept of relativistic time. His basic 
objection was that, according to the 
theory, two similar clocks, 4 and B, in 
uniform relative motion V work at 
different rates, but since the relation 
of each to the other is symmetrical it 
follows that, if A works faster then B, 
B must work faster than A. He argued 
that this was a contradiction and so 
the theory must be false. The point at 
issue was a subtle one and concerned 
the way in which Dingle used a 
particular concept which he called ‘rate 
of clock’. He exemplified this by taking 
A and B to bz together at epoch zero 
according to each and introducing two 
other clocks Н and N at rest relative 





to A and В, respectively, but not 
spatially coincident with them. He 
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compared the times л, г, assigned to 
the epoch of B's momentary coin- 
cidence with /7 by the observers using 
the clocks A, B respectively, and the 
corresponding times 2, fs assigned to 
the epoch of A's momentary coin- 
cidence with N. He then argued that, 
since special relativity led to the 
formulae, t;— ti, t/- 65, where B is 
the reciprocal of v(1—V^/c^), a con- 
tradiction results. This is because in 
the former case the ratio of the ‘rates’ 
of clocks A and B is given by n/r'; and 
in the latter case by 2/7, and hence 
this ratio has two incompatible values. 

The difficulty can be resolved by re- 
jecting Dingle's assumption that ratios 
such as t/t; determine invariant rela- 
tive ‘rates’ of clocks A and B. His 
implicit requirement that the epochs 
assigned to any event by A and B, 
respectively, should always be in the 
same ratio would imply that by a new 
choice of time unit for one of these 
clocks it could be arranged that the 
times assigned to any given event by 
A and B would be the same. Dingle's 
requirement is therefore equivalent to 
adopting the Newtonian concept of 
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universal time, and this is incompatible 
with special relativity. 

Dingle believed that his question con- 
cerning clock-rates was not answered 
but evaded by his critics. In his struggle 
with what he came to regard as the 
‘relativistic establishment’, described in 
his book Science at the Crossroads 
(1972), he was often treated in a way 
that convinced him that truth was 
being sacrificed to dogma. His attitude 
towards relativistic physics was not, 
however, purely negative, for he 
adopted, and spent much time in 
developing, the alternative ‘ballistic’ 
theory of light-transmission due to 
W. Ritz. 

Despite his criticism of special 
relativity, Dingle never lost his respect 
for Einstein's genius, just as he no less 
admired his fellow quaker Eddington 
despite submitting the latter's philos- 
ophy of physics to devastating criticism 
in his brilliant Eddington Memorial 
Lecture on The sources of Eddington's 
philosophy (1954). 

No obituary notice of Dingle should 
fail to mention the beautiful literary 
style that graced all he wrote. He had 
a deep knowledge and appreciation of 
English literature, particularly poetry. 
Two of his books were on Science and 
literary criticism (1949) and The mind 
of Emily Bronté (1974). His friends 
will long remember his lively conversa- 
tion spiced with a rapier-like wit and 
numerous anecdotes, and his many acts 
of kindness, not least to those refugees 
from Europe whom he and his wife so 
generously assisted in the nineteen- 
thirties. G. J. Whitrow 


M.H.L. Pirenne 


MAURICE Henri LEONARD PIRENNE, well 
known for his work in the physiology 
of vision, died in Oxford on 11 October 
1978. 

Maurice Pirenne was born in 
Verviers, Belgium in 1912. He 
graduated DrSc at Liège, and spent the 
next year doing research in molecular 
physics with Professor Debye. The 
following three years were spent at 
Columbia University, New York, with 
Selig Hecht studying the biophysics of 
vision, and it was probably this period, 
more than any other, that determined 
his future interests. 

In 1942, a classical paper by Hecht, 
Shlaer and Pirenne demonstrated that 
the uncertainty of seeing near the 
visual threshold, usually attributed to 
biological variation, was in fact largely 
accounted for by purely physical varia- 
tions in the small number of light 
quanta absorbed by the visual photo- 
pigment. Much of Pirenne's later work 
was concerned with the visual threshold 
and its relationship to visual acuity, 
ranging in scope from the practical 


problem of screening servicemen for 
night blindness, to neurophysiological 
studies of the thresholds of 'on' and 
‘off units and their interaction. 

He returned to England in 1941 and 
worked in Cambridge, London and 
Aberdeen before joining the University 
Laboratory of Physiology, Oxford, in 
1955. He became a fellow of Wolfson 
College, and worked in Oxford until his 
retirement. As a teacher, he will be 
remembered particularly for his de- 
monstrations and class work. The 
experiments that brought the subject 
so vividly to life were based upon long 
hours of preparation and adjustment. 

Maurice Pirenne was the son of an 
artist, and while he was still at school 
his father encouraged him to read the 
work of Brücke and Helmholtz on 
vision and art. His interest in drawing 
and painting lasted all his life, and in 
recent years he had returned to the 
study of the relationship between visual 
physiology and the perception of 
pictures. Optics, Painting and Photo- 
graphy (1970) is concerned mainly with 
perspective, and how far a painting in 
perspective can really look convincing 
to an observer who, instead of viewing 
it with one eye placed in the ideal 
position, uses both eyes and moves to 
different positions. His last publication, 
in 1975, was on Vision and Art. 

All Pirenne's scientific work was 
characterised by acute commonsense 
and painstaking accuracy. The same 
qualities appear in his published work. 
Vision and the Eye, which first 
appeared in 1948 remains the clearest 
and most readable introduction to the 
subject. He was internationally re- 
cognised as an authority on visual 
physiology, and in 1972 received an ScD 
at Cambridge and was appointed a 
Foreign Member of the Royal Belgian 
Academy of Sciences. 

F. H. C. Marriott 


B. B. Roberts 


Brian Birley RoBERTS, authority on 
polar problems and ornithologist, died 
in Cambridge on 9 October 1978 at the 
age of 65. For thirty years Head of the 
Polar Regions Section, Foreign and 
Commonwealth Office, he was also a 
Research Fellow at the Scott Polar 
Research Institute, Cambridge and a 
Fellow of Churchill College. 

His interests in the polar regions 
started when he was still a schoolboy 
and he became probably the foremost 
specialist in the world. As an under- 
graduate at Emmanuel College, Cam- 
bridge, he led expeditions to Iceland 
and East Greenland in 1932 and 1933 
and later joined the British Graham- 
land Expedition (1934-1937). As ап 
ornithologist, he will be particularly 
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remembered for Bis paper on Wilson's 
petrel published in 1940, which has 
stood the test of time as a good and 
careful study. It dealt with breeding 
behaviour, growth and reproductive 
success; the remarkably long annual 
migration was illustrated by monthly 
distribution maps and supported by 
ringing returns, which proved that in- 
dividuals return each year to the same 
mate and burrow in the Antarctic. 

In 1940 he took a Cambridge PhD 
and was awarded «he Polar Medal and 
the Bruce Memorial Prize of the Royal 
Society of Edinburgh. He received the 
Back Award of the Royal Geographical 
Society in 1948. During the war years 
he served in Naval Intelligence and 
advised the War Office on cold climate 
equipment. He rewisited the Antarctic 


i. 1950-51, 1960-51, 1964, 1972 and 
finally in 1976, shortly after his 
retirement. 


Brian Roberts played a formative 
role in discussiors leading to the 
Antarctic Treaty (1959) which ensured 
the continuance cf the freedom of 
scientific investigation and the free ex- 
change of results which marked the 
International Geopaysical Year 1957- 
1958. He did much to promote the 
Agreed Measures for the Conservation 
of Antarctic Flora and Fauna (1964) 
and the Convention for the Conserva- 
tion of Antarctic Seals (1972). While 
he asserted that he had had to eat more 
seals than any others present, he was 
dedicated to conservation and also re- 
garded that convertion as the fore- 
runner of a broader convention dealing 
with other Antarctic marine living 
resources, especially krill, now being 
negotiated. Although often the only 
scientist in a group of diplomats and 
lawyers, it was to Erian Roberts that 
they frequently turned for help in 
resolving a diplomatic impasse. 

He played an active role in the 
formation of the British Antarctic 
Survey and he had an enduring in- 
fluence on the development of the 
library of the Scot: Polar Research 
Institute and the establishment of what 
developed into the International Glaci- 
ological Society. He was a leading 
expert on Antarctic history, termin- 
ology and place names. 

He was made CMG in 1969 and in 
1976 was awarded the Founder's Medal 
of the Royal Geographical Society. He 
was president of the Antarctic Club in 
1963 and of the Arctic Club in 1973, 

Many senior polar scientists bene- 
fited, as young research workers and 
later, from the stimulation of his 
presence, his phenomenal range of 
detailed knowledge and constructive 
criticism. His beaming smile, kindness, 
wit, scholarship, experience and great 
capacity for work will be long re- 
membered by his many friends, who 
will find it difficult to believe he is no 
longer there. R. M. Laws 
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H Britain runs 
its science 

This highly successful chart, which 
appeared in Nature 28 August 1975 
(but is still much requested and much 
referred to), has now been completely 
revised and updated to include all 


major changes in the personnel and 
administration of British science, 














Measuring approximately 2' x 3° 
and containing black-and-white 
illustrations of prominent figures, 
copies of this chart are now 
available at 75р (UK), US $1.50 
{Rest of World). 


Payment may be made in any currency at the 
prevailing exchange rate. Cheques should 
be made payable to Macmillan Journals 
Ltd, Prices include postage and packing 


To order please complete the coupon below, 
Qr write, enclosing the correct remittance. 


| Macmillan Journals Ltd. 

{ Brunel Road, Basingstoke, 
i Hants, RG21 2XS, 

1 England 


Í Please send me... How Britain runs its science 
1 chartís). 
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Macmillan Journals Lut. Reg No. 786908 England. 
Rog. Olina: 4 ипе Essex St, London WEEK SLE 


Ocean sciences 
supplement 


Reprints of this 40-page supplement covering many 
aspects of oceanography and the politics of ocean 
science, which appeared in the issue of 30th June, 1977, 
аге пом available at the following prices (including 
postage): 


fe ne sana 





Single copy: UK 50p 
Rest of Worid US $1.00 
Rest of World (Ат) US $1.50 


10 or тоге copies: UK 35p each 
Rest of World US 706 each 


Rest of World (Air) US $1.00 each 
(Payment may be made in any currency at the prevailing 


exchange rate, Cheques should be made payable to 
Macmillan Journals Ltd.) 
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enclosing the correct remittance. 


To: Nature, Macmillan Journals Ltd. Brunel Road, 
Basingstoke, Hants, RG21 2XS, England 

Please send me reprint(s) 

of the Ocean Sciences Supplement. 
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Safety and 
Laboratory 
Practice 


John G. Ellis & 
Norman J. Riches 


Macmillan Technician Series 


* A unique and comprehensive text in which 
information is given on Safetv, Law and 
Laboratory Organisation. 


* Ties in directly with courses leading to the 
Technician Certificate of the TEC in 
Sector C. 


* Large format, many illustrations. 


An invaluable text for the TEC student and a 
most useful work of reference tor all those 
engaged in laboratory work. 


Contents 


1. Laboratory first-aid 

2. Electrical Safety 

3. Fire Safety 

4. Technicians and the Law 

5. Safety in Chemistry Laboratories 

6. Safety in Physics Laboratories 

7. Safety in Biology Laboratories 

8. Scientific Measurements and Reporting 
9. Laboratory Standards 

Appendices 


£3.95; 112pp; 203x234mm; 
0 333 233123 


For further details contact Rosemary 
David, The Macmillan Press Ltd., 4 Little 
Essex St., London WC2R 3LF. 
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... RUN... 








It’s all very well being poker-faced when the question of safety is raised 
. . . but when disaster looms and the only advice is “Run”! you must 
admit that things are a little out of hand. Take the gamble out of work in 
the laboratory . . . make sure you always have a full house . . . keep 
yourself informed about safety regulations and requirements. 


BDH has a wide range of wall charts and safety aids for the laboratory, 
ask for details... 


F flammable 


Corrosive 








ie No. 10 on Reader Enquiry Card. 
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what's new—lab design and safety 


These notes, prepared from material 
provided by the manufacturers, are 
intended to give an outline of the range 
of products on the market. More 
detailed information may be obtained 


by circling the appropriate numbers on 
the Reader Enquiry Card, bound inside 
the cover. 

A feature on the 1979 FASEB Exhibi- 
tion will appear in the 29 March issue. 


Dohm. Dangerous liquids can be 
transferred safely and quickly without 
waste with the polyethylene syphons 
produced by Dohm London Ltd. The 
AA model has a 3/4 pint bellows 
capacity, can provide a flow of up to 
14 gallons per min and is 91 inches 
in overall length. The AAG is of 3 pint 
capacity, flow rate 3 gallons per min 
and overall length 128 inches. The 
Dohm safety inspection lamp is suitable 
for use in confined spaces: the light is 
evenly diffused by an anti-glaze re- 
flector to prevent eye strain. For 
situations in which 110 or 240 V power 
supplies are a safety hazard Dohm 
produce the DOHMplug range. These 
compact transformer/rectifier units 
give a 40 W output at 6, 12, 25, 50 and 
110 V. 

Circle No. 60 on Reader Enquiry Card. 





The Nalgene 6505 bottle carrier 


Sintacel. Metriscope from Sintacel is 
a comprehensive range of equipment 
capable of fulfillng the servicing and 
furnishing requirements of educational 
and laboratory accommodation. The 
range provides non-fixed furniture with 
overhead service booms and drainage 
equipment, All furniture is either 
movable or mobile and the working 


surfaces, with their flexible service/ 
drainage connections, can be quickly 
re-arranged. The overhead service 
booms may provide such services 


as gas/electricity/water/vacuum/light- 
ing. Drainage is normally dealt with by 
means of a regularly spaced grid of 
floor outlet points, but if so required, 
wall or overhead drainage may be 
provided. 

Circle No. 59 on Reader Enquiry Card. 








Nalgene. An extensive range of safety 
equipment suitable for laboratory use 
is available from the Nalge Division of 
Sybron Corporation The Nalgene 
emergency eyewash station weighs only 
11 pounds and is based on a reservoir 
of 2.5 litre volume and once the release 
bar is depressed a continuous stream of 
water is produced: both hands are left 
free to keep the eye open to receive 
the stream, which will last from four 
to six minutes. The 6355 range of Nal- 
gene safety shields are formed from 
0.188-inch Lexan and can resist impact 
from explosions, flash fires, flying par- 
ticles or splashing liquids. These shields 
are mounted on a heavy epoxy-coated 
steel base to ensure stability. Nalgene 


6355 face shields are made with 
0.06-inch polycarbonate. The trans- 
parent shields cover the front, sides, 


and top of the head, plus the front of 
the neck. For the transportation of 
hazardous substances around the 
laboratory Nalge provide two types of 
carrier. The 6501 safety bottle carrier 
is made of polyethylene and holds a 5- 
pint or l-gallon glass bottle securely 
with provision for a snap-on cover. The 
6505 bottle carrier holds up to six 
l-pint glass bottles in separate compart- 
ments. Large volumes of liquids can be 
safely stored in Nalgene carbouys. Also 
available from Nalgene are safety wash 
bottles. These are intended for use with 
inflammable or toxic substances and 
are made of red polypropylene. 

Circle No. 58 on Reader Enquiry Card. 





The emergency eyewash station from Nalge 


The DA 1500 
detector is manu- 
factured by Data Acquisition Ltd, in 
association with ICI Ltd., Mond Divi- 
principles based on the absorption of 
sion. The instrument 
ultraviolet light by mercury at a wave- 
length of 2,537 А. The basic systems 
comprises a sample cell fitted with a 
UV light source and measuring and 
reference detectors. The detector out- 
put signals are fed to a solid state 
amplifier whose linear output, drives 
a four digit display, An output is also 
available to drive a recorder via front 
panel terminals. The instrument is 
portable and measures approximately 
160 x 160 x 700mm and weighs 
about 12 kg 

Circle No. 57 on Reader Enquiry Card. 


Data Acquisition. 


mercury vapour 


operates on 





The DA 


Berthold. The made by 
Berthold. in large area contamination 
probes, have beer applied to the new 
whole body con:amination monitor 
This allows the simultaneous monitor- 
ing of the face, clothing (at the front 
of the body to the feet), soles of feet 
and hands. All the detectors are the 
new xenon filled type having very high 
sensitivity for iodime-125 and carbon-14 
and without the requirement for a 
continuous supply of gas to the 
detectors. The device routinely stores 
background information when not in 
use and automatically subtracts this at 
the appropriate rate during measure- 
ment. The system »ermits the measure- 
ment of most transuranium isotopes 
through their emitted K-radiation thus 
allowing them to be monitored despite 
the unavoidable distance between the 
detector and the body to be checked 
For institutions where exposure to high 
activity radiation is possible, the 
monitoring of workers normally needs 
to be recorded anc stored. The system 
can be supplied and delivered with an 
identity card reader with data output 
іо either a Teletype or on-line 
computer, 

Circle No. 56 on Reader Enquiry Card. 


1500 He vapour de 


advances 


xvi 


Research Products International. The 
RPI brochure ‘Contamination and 
Radiation Monitoring Instruments 
details the RPI line of protable geiger- 
muller tube and sodium iodide crystal 
instruments, These instruments are used 
for the detection and monitoring of 
a, B, v and X ray radiation in research, 
hospital, teaching and industrial lab- 
oratories. Rugged dependability and 
minimal maintenance are provided by 
solid state components mounted on 
glass reinforced printed circuit boards. 
Advance circuitry stabilises battery 
voltage, affording consistent accuracy 
throughout battery life without need 
for recalibration. 

Circle No. 58 on Reader Enquiry Card. 





The RPI model &-10Х contamination monitor 


Safety Technology Ltd. A new concept 
in Zener safety barrier systems for 
electronic interfaces has been an- 
nounced by Safety Technology Limited 
of Feltham, Middlesex. The new 
system, designated Eurobloc-80, uses 
specially designed Zener barriers called 
Euroblocs, which ‘snap’ into inter- 
nationally recognised terminal block 
rails within equipment cabinets. Al- 
though electrically identical to existing 
types of Zener barriers, the new Euro- 
blocs are built into standard terminal 
blocks, which clip into the DIN rails 
with a high packing density. The con- 
nection and replacement of each Euro- 
bloc can therefore be made very 
quickly, and arrays will take less space. 
STL claim that it is possible to obtain 
up to 3 times the packing density of 
conventional barriers. 

The old type of barrier required 
specially drilled busbars and a pro- 
longed assembly process involving the 
tightening of 4 lock-nuts per unit. In 
contrast, each Eurobloc clips straight 
onto the standard DIN terminal rail 
and requires no additional mechanical 
fixing. Electrical connectors are also 
easier, as each Eurobloc will accept 
basic stripped and tinned leads—the old 
barrier needed special ring tags. A 
further inherent advantage of the new 
system is the ability to make all con- 
nections at the front face of the 
module. It is no longer necessary io 
have either raised busbars or rear 





access for mounting purposes. Dimen- 
sionally the Eurobloc barrier measures 
S8 X 67 x 18 mm—effectively, half the 
size of the conventional unit. Initially 
ten standard types of Eurobloc are 
being introduced, covering the operat- 
ing voltages of 4. 10, 15, 22 and 28V, 
in positive or negative polarity. Double 
barrier forms may be constructed by 
simply 'doubling-up' Euroblocs. a.c. 
voltages are catered for by using a 
special a.c. adapter. The ten standard 
Euroblocs can thus be applied in over 
60 different variations for which 
BASEEFA approval has been obtained. 
Identification is achieved using colour 
coded labels attached to the Eurobloc. 

The use of standard ‘building bricks’ 
—1he DIN standard terminal block—- 
means that costs are minimised. Wiring 
is generally neater and cabinet space, 
which is expensive in environments like 
oil production platforms, reduced. 





The Eurobloc 80 range has been 
BASEEFA Certified to the New 
European Certification CENELEC 
EN.50-020 and UK Certification 


BS 5501 Part 7. Ht thus fully complies 
with the requirements of intrinsically 
Safe barriers for use in hazardous 
areas. 


Circle No. 54 on Reader Enquiry Card. 


Variable Volumetrics. Variable Vol- 
umetrics introduce a disposable transfer 
pipette with ultra lean tube. This 
polyethylene transfer pipette has a tube 
so narrow that it will fit into almost 
any size test tube. It is a one-piece 
pipette complete with its own bulb, and 
will eliminate the danger of broken 
glass. operator contamination. from 
having to change rubber bulbs and 
cross contamination of samples with 
contaminated pipettes or rubber bulbs. 
The pipette delivers 21-24 drops per 
ml. and has a maximum capacity of 
3 ml. 

Circle No. 53 on Reader Enquiry Card. 


Gallenkamp. A combination of tradi- 
tional and modern  timber-based 
materials, Gallenkamp System M 
furniture is robust, hard-wearing and 
attractive in appearance. The modular 
units are versatile and freely inter- 
changeable. Most of the units are 
designed so that they can be packed 
flat. Modules available incorporate 
benches with a choice of drawer, 
cupboard or tray under storage units, 
sinks, mobile demonstration bench 
units and a fume cupboard. 

Circle No. 52 on Reader Enquiry Card. 


Jencons. A mitten style pyroglove 
has been added to the range of safety 
gloves marketed by Jencons (Scientific) 
Ltd. This mitten style is available in 
wrist or gauntlet length, and consists 
of a separate thumb sleeve and an 
area for the four fingers. Normal stvle 
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Pyrogloves in wrist or gauntlet length 
are also available and were made to 
replace the asbestos type gloves pre- 
viously used by glassworkers when 
handling their hot glassware direct 
from the flame or annealing oven, yet 
possess the tactile qualities of ordinary 
leather, will absorb moisture and 
retain water vapour permeability—thus 
making them comfortable in use. 

Circle No. 51 on Reader Enquiry Card. 


Becton Dickinson. BBEL Biohazard 
cabinets from Becton Dickinson are of- 
ficially listed under National Sanitation 
Foundation Standard 49 and are Class 
П Type A or Type B containment 
hoods intended for work involving low 
to moderate risk agents, such as aetio- 
logic agents CDC Classes 1-3, low to 
moderate risk oncogenic viruses, re- 
combinant DNA and other uses where 
National Sanitation Foundation Stan- 
dard 49 design specifications apply. The 
cabinets are available in 47- and 70-inch 
sizes. A vertical laminar air flow 
incorporates HEPA filters with mini- 
mum collection efficiencies of 99.97 5, 
for 0.3 um and larger particles, which 
minimises cross-contamination within 
work area by inhibiting particles from 
moving horizontally. The complete 
cabinet is at negative pressure to the 
laboratory atmosphere, 

Circle No. 50 on Reader Enquiry Card. 
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newly on the market 


Material for singlet oxygen generation. 
Chemical Dynamics Sensitox is a 
polymer-supported rose bengal used to 
generate singlet oxygen in aqueous or 
solvent systems. By binding rose 
bengal to a porous crosslinked polymer 
in head form (200-400 mesh) the 
separation of the dye from the reaction 
product is eliminated. The polymer has 
been designed so that it can be 
separated from the reaction mixture 
by simple filtration. thus eliminating 
the decolorisation step. Sensitox I is 
for use in low polarity organic solvents 
whereas Sensitox H is best used in 
aqueous media. 

Circle No. 39 on Reader Enquiry Card. 


Temperature gradient incubator. 
Scientific Industries. The Scientific In- 
dustries temperature gradient incubator 
allows 60 different samples to be incu- 
bated simultaneously at 30 different 
temperatures in a single self-contained 
precision instrument. The incubator 
allows aerobic and anaerobic measure- 
ments, accommodating a variety of 
media which may be incubated at the 
same time or independently. 60 liquid 
samples can be incubated in glass 
L-tubes. optically selected to permit 
nephelometric or colorimetric measure- 
ments without sample transfer. There 
is also a built-in shaker. Aerobic 
organisms on solid media can be in- 
cubated in parallel trays. 

Circle No. 40 on Reader Enquiry Card. 


TR 


HOREGRTRTROE EES ORES OST FSRE ESTE 


wavelength 


Variable absorbance 
monitor. Isco. The Isco model 1800 
chromatographic monitor provides con- 
tinuously variable wavelength from 190 
to 620 nm, An automatic compensation 
for intensity changes in the lamp gives 
the detector both the high energy 
throughput and low noise of the single 
beam system and the baseline stability 
characteristics of dual beam  instru- 
ments. Easily removable flow cells 
allow the instrument to be used on 
HPLC systems, as well as in low pres- 
sure column chromatography. The 
instrument may be used in a cold room 
at 5 C with no precautions. 

Circle No. 41 on Reader Enquiry Card. 
Recorder. Bryans Southern. The 





Bryans BS 8000 is a multichannel re- 
corder with data processing and 
storage facilities. The BS 8000 enables 
one to digitise, record and process up 
to 8 channels of analogue data. Raw 
or processed data are plotted in real 
time on the XY plotter or stored on a 
flexible disk. Each flexible disk is equiv- 
alent to 100 vd of chart paper, yet 
any sequence of data can be retrieved 
in graphical form in a few seconds. 

Circle No. 42 on Reader Enquiry Card. 


Anti-mouse IgD antibody. Sera-Lab 
announces the availability of a mono- 
clonal antibody against mouse IgD-like 
antigen. The determinant molecule 
appears to be a tetramer of 185.000 
consisting of two units of 70,000 and 
two of 22,500 molecular weight. This 
addition to the range of monoclonal 
antibodies seems to recognise the Ig-5 
locus regardless of H-2 haplotype. The 
antibody is suitable for use in com- 
plement-dependent lysis tests as well as 
direct reactions using fluorochrome or 
isotope markers. Because of its high 
titre, which approaches 10°, the anti- 
body is an ideal reagent for the study 
of the function and structure of murine 
IgD-like molecules, The exact allotype 
specificity, using the Goding nomencla- 
ture, has been defined as 1g5.C3(H6/31). 
Circle No. 43 on Reader Enquiry Card. 


Wet test meter. International Gas 
Apparatus. A portable meter capable 
of accurately measuring small volumes 
and low flow rates using the traditional 
wet test meter principle, is now avail- 
able from International Gas Apparatus. 
A special feature of the meter is its 
capability to operate up to 30 psi 
working pressure, Measurement of gas 
volume is better than 0.5% and that of 
liquid temperature = 1°, of full scale 
over a temperature range of 0-50 °C. 

Circle No. 44 on Reader Enquiry Card. 


Small scale protein concentrator. 
Sartorius. The microcollodion bag from 
Sartorius enables a 250 times concen- 
tration of urine, CSF or aqueous hu- 
mour to be carried out in only 3 min. 
The 1-m! sample is filtered under pres- 
sure in the 8-nm pore bag which has 
retention efficiency of 100% for cyto- 
chrome c. 

Circle No. 45 on Reader Enquiry Card. 


These notes are based on information 
provided by the manufacturers. For 


further details circle the appropriate 
numbers on the Reader Enquiry Card 
bound inside the cover. 











HPLC range. Pye Unicam. The LC- 
XP Series, a new range advanced, high 
performance liquid chromatography 
instruments, columns and accessories, 
has been launched by Pye Unicam. А 
modular design approach enables fully 
integrated. systems to be supplied to 
suit specific requirements. Both iso- 
cratic and gradient elution liquid 
chromatographs are available. A com- 
pletely new option is a fluorimetric 
detector, the LC-FL. which makes pos- 
sible the high sensitivity selective 
detection of fluorescing compounds. 

Circle No. 46 on Reader Enquiry Card. 





Electron beam lithography system. 
Varian has introduced an electron 
beam lithography system which has air- 
to-air mask and wafer handling. Desig- 
nated the Varian/Extrion model 
EBMG-20, the machine also features a 
four-position elevator in a vacuum 
chamber, which allows post-exposure 
curing of electron resists. The EBMG- 
20 system has the ability to expose any 
size mask up to 6 inches square. Hard- 
ware and software available enable 
direct exposure o” wafers up to a $- 
inch diameter. 

"ircle No. 47 on Reader Enquiry Card. 











Removable needle syringes. Hamilton. 
A range incorporating a removable 
needle has now been added to the 
Hamilton 700 series syringes. This 
enables the user to replace bent or 
plugged needles in the field. The needle 
threads securely into place and cannot 
be pulled off by mistake and there is 
virtually no dead volume. 

Circle No. 48 on Reader Enquiry Card. 


Wafer cooling system. Varian has intro- 
duced a fixture for its Wayflow proces- 
sing station. Called Waycool, this fixture 
operates by controlling the wafer 
temperature during ion implantation, 
and can boost throughput by as much 
as 500% for high doping level appli- 
cations. Beam powers up to approxi- 
mately 100W can now be used without 
appreciable wafer heating or degrada- 
tion of photoresist materials. 

Circle No. 49 on Reader Enquiry. Card. 
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APPOINTMENTS VACANT 





MEDICAL RESEARCH 


COUNCIL 
LABORATORY ANIMALS 
‚ CENTRE 


- TWO 


RESEARCH OFFICERS 


One pox із in the Centre's Accredi- 
tattoon Department. Its duties will 
include visiting commercial breeders 


by the Centre, 
One post fs in tbe Director's Depart- 
ment and з concerned with a research 


цио Specific Pathogen. 


Free cats, with some administrative 
responsibility for the аччу гип- 


years 
experience |n biology or zoology, a 
knowledge of small] animals would be 
an advantage but not essential, Salary 
according to ags, qualifications and 
experience plus £354 London Weight- 
1 Contributory Superannuation 


Scheme. 

Applications, together with а copy 
of curnculum vitae and the names of 
two professional referóss, should be 
addressed to. The Director, M.R.C. 
Laboratory Anunals Centre, Wood- 
mansterne Road, Carshalton, Surrey 
SM3 4EF, 


MRC 


Medical Research Counci 
9621(A) 


UNIVERSITY OF NAIROBI 
“ KENYA 
Applications are invited for the post of 
ASSOCIATE PROFESSOR 


in the 
DEPARTMENT OF CHEMISTRY 


- Applcabons are invited from can- 
didates who have considerable experi- 
ence in teaching and research as 
evidenced by published work. Candi- 
dates witbout a PhD will not be 
conndered. The appointee will Бо 
requured to 
ship in the field of Inorganic Chemistry 
‘with regard to both teaching and re- 
search activities. at undergraduate and 
posigraduate levels 
Salary. K£3,864 to K£4,488 
ı (REI£1.34 sterling) The Bntuh 
Government may . 
supplementation of 
(sterling) for married a 
£3,876 ра. (stering) or 
aAppointee (reviewed = annually 
normally free of all tax) and provide 
Children's education allowances and 
'holiday visit passages Family passages, 
norrcontributo medical scheme, 
5.5.5.Е. or F S, S.U., houmng allowance. 
› Detailed applications (2 copies) with 
curnculum vitae and naming 3 referees 
to be sent to the Regutrar (Recnut- 
ment and Training), Unrversity of 
Nairobi, P.O Вох 30197, Nairobi 
Kenya, by Apn! 1, 1979 
.Apphicants reudent in the UK should 
send one copy to Inter-Universit 
Council, 90/91 Tottenham Coun Road. 
London WIP ODT Further details 
, May be obtained from ether address. 
9697(A) 


^ 


undertake academic leader- ' 


Guy's Health District 


GUY'S HOSPITAL 


The Department of Clinical Chem- 
wtry ц looking for а ` 


BASIC GRADE BIOCHEMIST 


(Salary Scale. £3,486 to £4,899 pa. 
depending on age and experience, plus 
£334 London Weighting) . 

To take up a research 
penod of two years in 
amay. 

For application forms, please contact 
the Personnel Officer (Professional and 
Technical), on 01-407 7600 Ext 3462 
Personnel Ое ment, Guy's Hospital, 
St. Thomas Stroet, London, SE! 9RT 
Closing date March 2, 1979 

LAMBETH, SOUTHWARK & 
LEWISHAM AH A'T) 
, IKA) 


for a 
oimmuno- 





UNIVERSITY OF LEICESTER 


] LECTURER 
in the ' 
DEPARTMENT OF CHEMISTRY 


Applications are invited from EX 
uates for a Lectureship in M 
Chemiiry. The successful date 
will be expected to help with the 
teaching of' the courses offered by the 


uc 
according to qualifications 
and experience on the scale £3,833 to 


£7,754 (under review) with superan- 
nuation benefits. 

Further particulars from the Regu- 
tra, to whom applications on the 
form provided should be sent by Apni 
1, 1979 Further Chemical information 
from Professor M. C R Symons, 
Department of Chemistry + 

‘ 9617(А) 





uet Scientists and 
Research Assistants 


_ We have vacancies for saentists and Research Assistants to 
jom our Immunology Department. The Department is involved 


rece dE 





on of immunologic mechanisms in health and 


e development of immunodiagnosuc techniques. 

Thee ipsu of work covers interest in both veterinary and 
medical science. 
We are looking for graduates and post-graduates with 





` London SW3 6HP Tel. 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
DERMATOLOGY 


CELL BIOLOGIST/ 
BIOCHEMIST 


Applcations are invited. for а Cell 
Biologut/Biochermut, required to join 
а small pup studying the keratinus- 
ation of normal and pathological 
в at the cellular апа molec- 
ular levels. The successful candidate 
will be mainly Involved with ultre- 
structural aspects of thm work and 
some  expenrence of the electron 
microscopy of tumues ог proteins 


tage. 

The ponton m avarlablo immediately 
and i» supported, until December 31, 
1983, by а programmo grant from the 
Medical 


Resarch Council шпа! 
HY TR will be at a salary of 
,883 on range IA of the salary 


Research and Analogous 
Staff with superannuation benefit 
Applications, enclosing curriculum 
vitae and the names and sddresees of 
two referees, should be submitted to 
Dr D Skerrow, Department of 
Dermatology, астап ole аша: 
ing, Dumberton Road, 

СІ 6NU. e 
In reply please quote 
4363M 


Ref No 
9623(A) 





National Heart and Chest 
Hospitals 
BROMPTON HOSPITAL 
JUNIOR 
MEDICAL LABORATORY 


' SCIENTIFIC OFFICER 


required for Haematology Department. 
Candidates should have either four 
‘O' levels (including mathematica and 
two science subjects) or two ‘A’ levels 


'Gncluding chemistry) or a degree 


Application form available from 


Mus J. А Jenks, Personnel 
Brompton Hospital, Fulham Road. 
01-352 8121, 


Ext. 4337. 9618(A) 


LONDON SCHOOL OF 
HYGIENE AND 
TROPICAL MEDICINE 
(University of London) 


' Keppel Street WCIE 7HT 
DEPARTMENT OF 
MEDICAL MICROBIOLOGY 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER/ 


relevant experience to be‘involved in project teams. SENIOR SCIENTIFIC 





Please write giving details of career history to: ` OFFICER 
is required to work up to two year 
Miss J. Kenny, on the viruses of Afmean haemor- 
Recruitment & Career Development Manager, ‚б rhag fevers. Candidates nur, be 
graduates ог N.C./H.N. 
Unilever Research, ` . ог an equivalent qualification and 
C 'olworth Laborato А have hag See aa in bg ie mero 
А 1 j DP scopy Inclunve ary, do ing on 
Unilever UK Cen Resourtes Limited, experiences rises d a ea in 
£4,784 (Sclentibc Officer) а . 
Colworth House, (Sensor Scientific. Officer) Pensionable 
harn оо EKA) employment. Applications, COnsRIng 
3 brook, P n d сайр deals 
of full career an ucation 
* Bedford MK44 1LQ. 4nd naming two referees, should be 
sent to the Secretary (Al) at the 
School. 9606 A) 
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` ATHROFA GOGLEDD-DD 
CYMRU 


THE NORTH E WALES 
INSTITUTE OF HIGHER 
EDUCATION 


POSTDOCTORAL 
SCIENTIST 


Appbcations are invited for a 
postdoctora] research post to work 
on Lipid Oxidation in Milk Pro- 
ducts Appointment, will be for 
two years in the first instance, with 
salary io the range £3,910 to 
£4,408 per annum The work ш 
sponsored by the Dairy Industry 
and will be undertaken at the 
North E Wales Institute, under the 
guidance of Dr J C Allen 

Applications should be made 
before February 28, 1979 to The 
Institute Registrar, North E 
Wales Institute of Higher Educa- 
tion, Kelsterton College, Connah's 
Quay, Deeside, Clwyd Tel Dee- 
skie 8917531. giving full details of 
qualifications and experience 

9655(A) 





VIROLOGY 
Junior Faculty Position 


The Institute. of Clinical Virology, 
University of Erlangen-Nurnberg, West 
Germany, invites. applications for a 
position equivalent in research responsi- 
bility and salary to an US Aswani 
Professorsh: The main research 
emphasis of this department is in the 
molecular biology of oncogenic/patho- 
genc herpesviruses Some teaching 
obligations ın German or English 
language Please send curnculum vitae, 
list of publications, letters of recom- 
mendation. and a statement of scientific 
interests. to: 

Dr В Fleckenstein, Chairman 

Institut. fur Konische Virologie 
Loschgestrasse 7 

8520 Erlangen, West Germany 

In addition, a Postdoctoral Fellow- 
ship n available in the department for 
a research programme in 
oncology Please send applications to 
the same address 9646 А) 





AGRICULTURAL 


RESEARCH COUNCIL 
INSTITUTE OF 
ANIMAL PHYSIOLOGY 
Babraham, Cambridge CB2 4AT 


A Senior Scientific, Officer vacancy 
exisi3 in the Neuroendocnnology Group 
for an electrophysiologist preferably 
experienced in intracellular recording 
techniques The successful candidate 
will undertake research on the control 
of the secretion of hypothalamic pep- 
tides Apphcanu should have a first 
class honours degree and preferably a 
PhD in a relevant aubsect At least 4 
yan relovant graduate research or 
other a te expenence 13 re- 
quired Se £5,154 to £6,898 per 
annum on-contributory Super- 
annuation Scheme Application form 
and further detalls may be obtained 
from the Secretary of the Institute, 
quoting Ref No NG by March 16, 
1979. 'o9647(A) 





UNIVERSITY OF 


CAMBRIDGE 
DEPARTMENT OF 
PHYSICAL CHEMISTRY 
Lensfleld Road, Cambridge 
Tel No 66499 Ext 383 

There is a vaoency for а skilled 
technician to provide research facilities 
in electron microscopy, X-ray diffrac- 
tion and other advanced techniques 
10 the Head of Department Excellent 
working conditons including Univer- 
sity pension scheme, 37j' hour week, 
а 


ry range £3,670 to £4 
review)" o 7390 (ender 








- OVERSEAS 
DEVELOPMENT 


KNOW-HOW: vital to developing Countries 


Egypt 


As a result of an ODM mission to Egypt to undertake a pre-feasibility study of 
forage production and animal feeds a Team of three British Technical 
Cooperation officers are to be recruited to assist the Ministry of Agriculture, 
Arab Republic of Egypt, in the field of forage research and development. 


Forage Agronomist 


To review existing information on the agronomy of forage, fodders and other 
crops used for animal production in Egypt On the basis of field information to 
advise on. an appropriate investigation programme aimed at improving 
production from existing species and assist in its implementation. Advise on 
the introduction of appropriate species of grasses, legumes, forages, fodders 
and other crops for tnal and assist in the preliminary examination of these. 
In association with the Farm Systems/Farm Business Management Specialist, 
determine the potential value of existing and introduced species in improved 
farming systems and assist in their introduction and testing in such systems. 
Train counterpart staff in all aspects of the agronomic investigation programme. 
Develop proposals for a systematic programme of overseas training for 
counterpart staff in relevant fields of work. Applicants should have degree in 
agriculture or appropriate science with experience in tropical forage agronomy 
and the design, planning and execution of field experiments. 


Appointment 2 years. Salary (UK taxable) in range £6400- £9500 pa plus 
variable tax free overseas allowance in range £570-£1575 pa (Ref 331X). 


The post is wholly financed by the British Government under 
Britain's programme of aid to the developing countries. In addition 
to basic salary and overseas allowances other benefits normally 
include paid leave, free family passages, children's education 
allowances and holiday visits, free accommodation and medical 
attention. Applicants should be citizens of the United Kingdom. 


For full details and application form please apply, quoting reference, 
stating post concerned, and giving details of age, qualifications and 
experience to:— 


Appointments Officer, 

MINISTRY OF OVERSEAS DEVELOPMENT, 

Room 301, Eland House, 

Stag Place, London SWIE 5DH 9654(А) 


ODIVI HELPING NATIONS HELP THEMSELVES 
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UNIVERSITY OF 
STRATHCLYDE 
Applications are invited for a 
POSTDOCTORAL 
RESEARCH FELLOW 
or 
GRADUATE 
ZARCH ASSISTANT 
in the 
DEPARTMENT OF 
BLOCHEMISTRY 

The work, which is financed by 
M.R.C., will be concerned with the 
structure, biosynthesis and function 
of renal glycoproteins. Some experi- 
ence with protein or carbohydrate 
chemistry is desirable bur not es- 
sential. The successful applicant 
will have opportunity to study with 
others working in a variety of areas 
of glycoprotein research and colla- 
boration with medical colleagues 
will be encouraged, 

The appointment will be for 
three years. Commencing salary 
£3,883 per annum on Range LA of 
the national salary structure for 
research and analogous — staff. 
Superannuation benefit. 

Written applications (quoting R6/ 
79) and naming two referees should 
be forwarded to Professor R. D. 
Marshall, Department of Biochem- 
istry, University of Strathclyde, The 
Todd Centre, 31 Taylor Street, 
Glasgow G4 ОМК, from whom 
further information may be ob- 
tained. 9619(A) | 





Electrophysiologist/ 
Neuro Pharmacologist 


The Biology Department of ICI research in one ofthese areas combined 

Pharmaceuticals has consistently been at with a good generalknowledge of relevant 

the centre ofthe company's research into electrophysiological techniques. The post 

new formulations that will improve health. ll be attractive to a scientist who wishes 
to continue in a career devoted to 

being put into the investigation ofthe basic research. 


mechanisms mvolved in the action of The Division's research laboratories аге 
centrally acting d rugs, analgesics andthe situatedin pleasant surroundings but 
е and ithin easy reach of main road and rail 

: ' ; routes. Conditions of service, salary and 
We need now to strengthen the assistance given to married staffin moving 
department by appointing an house are designed to attract and retain 
Electrophysiologist/ Pharmac PEE staff of high calibre. 


You willbe a seni ormemberofateam _ Applications in writing should be 
initially working closely with our aagi addressed to: 

group as well as collaborating with 

multidisciphnary teams of chemists and Mr. M. F. Losse, 


biochemists in the other areas referred to Personnel Officer, | КОККО EEP 
above. Е {Cl Pharmaceuticals | QUEEN ELIZABETH 


Division, COLLEGE 
You will establish and head a laboratory Mereside Research KENSINGTON 
concerned with research in this field, and Laboratories, (University of London) 
will need to have a background which Alderley Park, | LECTURER 
demonstrates a proven record of relevant Macclesfield, Cheshire IN BIOCHEMISTRY 


Applications are invited for the post 
| of Lecturer ín Biochemistry who will 
be required to take part in under- 
ч graduate teaching programmes ир to 
967 ҚА? Final Year Honours standard. The 
department has a strong interest in 
Sint ts Е . human biochemical genetics; a research 
MEDICAL RESEARCH interest in the field of mammalian 
^ INC molecular genetics would be an advan- 
COUNCIL tage but is not essential, and applica- 
LABORATORY OF MOLECULAR tions from „сер with n d. 
bep interests in other areas are encouraged. 

BIOLOGY Salary scale £3,909 to £7.754 per 
RESEARCH ASSISTANT annum, Starting salary depending on 


Qualifications and experience. London 





RES 








































Chairperson 
Department of Oncology 





| reguired to join a group working on allowance of £450 per annum is paid 

» * chemical aspects of peptide synthesis, in addition. . 
Montefiore Hospital | Candidates should possess a degree or | . Apply to the College Secretary, 
chemistry, Queen Elizabeth College, Campden 


equivalent qualification in 





& Medi і Cc t biochemistry, or a related science sub- | Hill Road, London МЕ JAH, from 
ica en er ject. Initial salary on the scale £3,261 w UN further particulars and an appli- 
(-4680) with good prospects for promo- canon form аа obtained. Closing 
nook i inician-Sei i i is Yon to research officer grade апа date arch 23, | 
We seek an outstanding Clinician-Scientist to fill this Sane. (Potential applicants wishing to visit 





Applications, giving details of qua- | the department informally are asked to 
lifications, experience, and names of ke an appointment with the secre- 
iwọ referees should be sent to me at у of the Department of Bio- 
this address as soon as possible chemistry.) 9662(A) 

Dr R. C. Sheppard 

MRC Laboratory. of Molecular 
Biology 

The Medical School, Hills Road 

Cambridge CB2 2QH 


endowed position as the head of a distinguished hospital 
department, The missions include clinical care, specialty 
training of residents and fellows, and a major commitment 
to clinical investigation with basic science interaction. 
The candidate should be eligible for professorial appoint- 
ment at the Albert Einstein College of Medicine. Salary and 
benefits appropriate to position are provided. All interested 
persons should submit a curriculum vitae and bibliography 
io: 








TEMAS WESTMINSTER 


MEDICAL SCHOOL 
LEUKAEMIA 
RESEARCH TECHNICIAN 
UNIVERSITY OF BATH Applications are invited from suit- 


able persons for the post of Research 
Technician in the Department of 


LECTURER IN PHYSICS Haematology at Westminster Hospital. 


The research concerns human bane 








Laurence Finberg, M.D., 
Chairperson, Search Committee, 
c/o Department of Pediatrics, 


Applications are invited for a 





Current research areas are Solid marrow transplantation and treatment 
M fi H Н і & M di | C State Physics, Ultrasonics, Under- | of leukaemia. The post gives the 
onte tore ospita е ica enter water Acoustics. Experience in one of opportunity for рок the 

these areas could be an advantage but F.LM.L.S. degree by thesis. . 
111 E. 210th St., Bronx, NY 10467, USA. other research interests would be The salary and conditions of employ- 
acceptable. ment are comparable to those agreed 

i i i i à i Commencing salary will be set in by the Whitley Council. 

Montefiore Hospital & Medical Center is an Equal Opportunity the lower part of the range (£3,883 to Applications should be sent as soon 
Employer M/F. | £7254 per annum). as possible to Dr A. J. Barrett, Depart- 






Further partic and application ment of Haematology, Westminster 








farms are obtainable from the Per- Hospital, Dean Ryle Street, London 
sonnel Officer, University of Bath, SWiI. А Un . 
Bath ВА2 7A Y, quoting reference Intending applicants may visit the 
number 79/33/N. Closing date for laboratory by appointment with Dr 





applica : March 79 Barrett, 01-828 9811, ext. 2121. 
applications; March 16, Lm e & 9699(A) 
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| Organic 
Chemist (PhD) 


Roussel Laboratones Limited is part of an international 
group engaged in the manufacture and marketing of 
ethical pharmaceutical and alhed products The research 
group of our R & D and manufacturing complex at 
Swindon, Wiltshire, forms an important part of the 
worldwide company research effort concerned with the 
discovery of new therapeutic agents 


We have a vacancy for an Órganic Chemist in the 


Chemical Research Department to undertake the design . 


and synthesis of novel compounds for biological 
evaluation 


The vacancy requires a person with innovative skills in 
preparative organic chemistry combined with 8 sound 
basic knowledge of chemistry Accordingly, candidates 
should have a good honours degree and have obtained 
recently or be in the process of completing a PhD degree 
in Organic Chemistry ў 

Conditions of service are excellent. including generous 


assistance with relocation to this attractive part of 
Wiltshire 


Please apply on our standard application form available 
from Rosemary Curtis. Assistant Personnel Manager. 
Roussel Laboratones Limited. Kingfisher Drive. 
Covingham, Swindon, Wilts SN3 5BZ. 

Tel Swindon (0793) 24411 











UNIVERSITY OF BRISTOL 
DEPARTMENT OF THEORETICAL 





CHEMISTRY Hampshire Area Health 

THEORETICAL STUDIES OF Authority 
ELECTRON-MOLECULE SOUTHAMPTON GENERAL 

' COLLISIONS ' HOSPITAL 
(DISSOCIATIVE ‚ Appheations are invited for the post 
RECOMBINATION very Department of Chemical Path- 
PROCESSES) m ud m 

A o 

(Re-advertisement) Куеп. апа текагеһ work in 


Applications are invited for a 
Scienco Research Counoll-supported 
postdoctoral research assistant to work 
on theoretical calculations of clectron- 
molecule collumon processes of the 
type е + AB* — AB* — A + B, 
with particular emphasis upon non-adia- 
Бейс (curve croesing) effects The pro- 
foot 19 initially funded for 21 to 23 
months (depending upon initial salary), 
with prospect of further extension. The 
work will айю include co-operation 
with Profemor Р G Burke's research 
group at Daresbury Laboratory Appli- 
canta ‘should write as soon as possible 
to Ог) Gerratt, Department of Theo- 
retical Chem ; University of Bristol, 
Britto] В58 !TS, enclosing curriculum 
vitac and names and addresses of two 
referees 9613(A) 


trace metal analysis, and is initially for 
а penod of three years The postion 
would best suit a graduate with a strong 
chemistry background Whitley Coun- 
cil conditions of service apply. Salary 
scale £2,991 to £4,899 depending on 
qualifications and e ence 

Job description, farther particulars 
and application forms are available 
from Personnel Department, Tremona 
Court, 30-32 Tremona Road, South- 
ampton. Telephone Southampton 
777222 Ext 3556 Arrangements to 
visit the department may be made with 
Mrs B Loyd, Southampton General 
Hospital Telephone Southampton 
777222 Ext. 3 Closing date Febru- 
ary 28, 1979 + 9653(A) 





Agriculture & Horticulture 


LIFE SCIENTIST? 


‘Become a Specialist Adviser 


The Science Service of the Agricultural Development and Advisory 
Service provides farmers and growers with a wide range of vital 
technical Information and advice which i$ supported by investigation 
and development work camed out from 12 regional centres across 
the country 


Opportunities currently exist for graduates to become Specialist 
advisers In the following science disciplines Full training will be 
given where necessary 


MICROBIOLOGY 


Study of micro-organisms of importance in the production, process- 
ing, preservation and storage of farm and horticultural products, 
treatment and disposal of waste products and effluents; bacterial 
pathogens causing plant disease, hygiene of dairy products and 
qualrty control of farm water supplies — Ref. S(H)906 


. ENTOMOLOGY 


Pnmenly, the diagnosis of causes of pest damage to crops, identifi- 
cation of these pests, assessmentoftheir Importance and significance, 
and recommendations for prevention and control Ref. S(M)808 


PLANT PATHOLOGY 


Diagnosis of plant diseases caused by fungi, bacteria and viruses 
Special interest in the assessment of the damage done and losses 
caused by plant diseases, and in seeking preventive or control 
measures Ref. S(K)908. 


NUTRITION CHEMISTRY 


Nutrition of farm animals, the nature and composition of feeding 
stuffs, formulation of rations for Irvestock, and biochemical aspects of 
the cultivation, processing, preservation and use of animal feeds 
Ref: S(J)908 


SOIL SCIENCE 


Primanly, all sspects of soils— physical, chemical and biological-—that 
effect the nutrition, growth and production of agncultural and horti- 
cultural crops This involves both fisid advisory work and investi- 
gations to study condrtions of optimum production and the reasons 
for partial or complete failures in crop production. e£. S(L)906 


Candidates, normally aged under 28, should have a good honours 
Degree or equivalent in an appropnate dicipline Fina/ year students 
may apply 

Salary, starting between £2,995 and £3,810, according to age, 
qualifications and expenence, rises to £3,920 Promotion prospects 
Non-contnbutory pension scheme 


Write for full details and application form (to be returned by 16 
March 1979) to Civil Service Commission, Alencon Link, Basing- 
stoke, Hants, RG21 1JB, or telephone Basingstoke (0266) 68651 
(answenng service operates outside office hours) Please quote 
appropriate referenca 


Men and women may apply 9688 (A) 


Agricultural Development 
and Advisory Service. 


Ministry of Agriculture, 
Fisheries and Food 
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Head of Biochemical 
Research 


Asa result of the Company's policyof 
offering challenging careers to its scientists 
in every sector of its business,a senior 
position will shortly becorne vacant within 
the group's Central Research Laboratory 
at Luton. This is a crucial and demanding 
job asit covers the whole of the Company's 
analytical and biochemical research. and 
the application of this work to the produc- 
tion principally of beer. but also of spirits. 
wines and soft drinks. 

Further responsibilities and develop- 
ment of the career of the chosen person 
will depend as much on the individual as 





on the Company's expanding activities. 

We are therefore looking for a well 
qualified. young scientist who has already 
demonstrated an aptitude for research. an 
inventive mind and the ability to apply it 
where it matters most — in production. 

Remuneration will reflect both the 
seniority of the position and the experience 
of the successful applicant. 

Applications should be sent to: 
Miss P.M. Donnelly. Personnel Officer. 
Whitbread & Co. Limited, The Brewery. 
Chiswell Street. London ECIY 4SD. 
Telephone: 01.606 4455. 


9679(AY 








AGRICULTURAL RESEARCH COUNCIL 
Poultry Research Centre 
West Mains Road 
EDINBURGH EH9 3JS 
Applications are invited for the following vacancies: 
CHEMIST /BIOCHEMIST /NUTRITIONIST 


A Chemist/Biochemist with relevant nutritional experience is 
required by the Nutrition. Department at the above Centre. 
The appointee will work on the evaluation of feedstuffs as 
energy sources for poultry. The primary objective will be to 
understand digestive and metabolic processes which influence 
and limit energy values of feedstuffs and the potential for 
modifving these limits. Definition of energv values and the 
development of experimental methodology will also be involved. 
Close liaison with scientists working on energy metabolism 
would be envisaged. (Ref. No. 796.) 


Nutritionist or Biochemist with a special interest in whole 
animal metabolism and simulation modelling is required by 
the Nutrition Department at the above Centre. The appointee 
will work on the development of simulation models of 
biological processes which are relevant to poultry nutrition 
and production. Initially, models of metabolism in the growing 
animal] will have the highest priority. Research work on the 
biochemical/metabolic level will support model development. 
Candidates may have a varietv of experience or interests but 
must demonstrate an ability to relate “whole animal" metabolic 
and biochemical concepts to practical nutritional decisions and 
must have a genuine interest, and preferably some experience, 
in the use of computer modelling techniques in biology. 
(Ref. No. 797). 
Qualifications: Ist or 
preferably a Ph.D. 
Salary: In the scale £4,101 to £5,448 at H.S.O. level and £5,154 
to £6,898 at S.S.O. entry. Entry at the higher level requires at 
least 4 years postgraduate experience. Non-contributory super- 
annuation scheme. 22 days annual leave, plus 105 public/ 
privilege holidays. 

Application forms can be obtained from the Secretary at the 
above address. These should be completed and returned to him 
not later than Friday, March 16, 1979, quoting our reference 
number, 


upper 2nd class honours degree and 


9692(A) 
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PUBLIC HEALTH 
LABORATORY 
SERVICE BOARD 
P.H.L.S. Centre for Applied 
Microbiology and Research 
Porton Down 
Applications are iavited from ex- 
perienced microbiologists for wo 
senior posts in the rapidly expanding 
field of microbiological laboratory 

safety. 
L A Senior Grade Microbiologist го 
act as the Deputy Safety Officer for 




















the Centre and to be responsible 
for the monitoring of equipment, 
facilities and — experimental pro- 
cedures within the Centre. Addi- 
tionally, he/she will be largely 
responsible for g and im- 
plementing traini ammes in 
microbiological labi ory safety, 





m 


A Senior Grade Microbiologist/ 
Chief. Medical Laboratory Scientific 
Olficer is required to undertake re- 
search into and development of 
methods of assessing the safety of 
equipment, facilities and experi- 
mental procedures, tuding ihe 
stability ot airborne micro- 
organisms. He/she will be expected 
to contribute fo the training pro- 
grammes in microbiological labora- 
tory safety, offered by the Centre. 
In addition to demonstrated abilities 
as microbiologists, the successful can- 
didates will he expected to have a good 
knowledge of safety jegislation and 
codes of practice relevant to micro- 
biological laboratory procedures, 

Some experience in the monitoring 
nd use of radio-isorapes would be an 
advantage. Ther may be a require- 


















ment for the cessful candidates. to 
ravel to hospitals and other labora- 

ies to participate in tesis of equip- 
ment or facilities оп site, 

Salary scales: Senior Grade Micro- 
biolo £5,481 то  £6,837; Chief 
Med Laboratory Scientific Officer, 
£8,472 ta £6,192, 

The appointments will be under 
Р.Н.1.5. (М.Н.5) terms and cendi- 
tions of service. 


Further details of the posts may be 


obtained from Dr R. А. Bassett, 
Public Health Laboratory Service, 
61 Colindale Avenue, Londen NW9 
SEQ, to whom applications with full 
career details and the names and 
addresses of three referees, should be 
sent by March 15, 1979. 9694(A) 

































UNIVERSITY OF 
EDINBURGH 
Faculty of Medicine 
DEPARTMENT OF 
BIOCHEMISTR Y 
UNIVERSITY 
DEMONSTRATOR 
Applications are invited for the 
post of University Demonstrator 
which is tenable from October 1, 
1979, or earlier by arrangement. 
The initial salary will be at a 
Suitable point on the scale £3,384 

to £4,882 p.a. 

The major duties of the University 
Demonstrator will be to participate 
in teaching medical, dental or 
Science students and to engage in 
independent or collaborative re- 
search, 

Further — particulars may be 
obtained from the Secretary to the 
University, Old College, | South 
Bridge, Edinburgh EHS 9YL, with 
whom applications (ix — copies), 
including — the names — of two 
referees, should be lodged not jater 
than March 31, 1979, 

Please quote: Reference 1017. 


9691(A) 











THE UNIVERSITY OF HULL 
DEPARTMENT OF ZOOLOGY 
Applications are invited for a Lec- 

tureship in the Department ef Zoology 

from October 1, 1979. The Lectureship 
has been blished to complement the 
team of existing members of staff with 
expertise in vertebrate physiology who 
collectively will provide a course in 
Human Physiology for the newly insti 
tuted Honours School in Zoology. The 
successful candidate will have a good 
honours degree in Zoology, Biochemis- 
try or Physiclogy and/or be medically 
qualified in the general area of phy- 

siology and have demonstrated a 

capacity for independent research in a 

ma of physiology. 

for  non-medically-qualified 

candidates within the scale £3,883 to 

£7.754 per annum (under review) pius 

U.S.S. henefits. 
Applications (six copies) giving de- 

tails of age. qualifications and experi- 

ence, together with the names of three 

referees should be sent by March 8, 
US to the Registrar, The University 

of Hull, Hull, HU6 7RX from whom 

further particulars may he obtained. 
9601(A) 






































UNIVERSITY OF 
NOTTINGHAM MEDICAL 
SCHOOL 
DEPARTMENT OF CHILD HEALTH 


Applications are invited for the post 
of LECTURER in DEVELOPMEN- 
TAL BIOLOGY in the Department of 
Child Health. The Department (Profes- 
sor David Hull) was established in 
September. 1972. 

The succesful applicant should have 
experience of research into the biology 
of the foetus and the newborn in both 
animals and man and to be familiar 
with both physiological and biochemi- 
cal methodology, He/She should also 
have had some experience of under- 
graduate and postgraduate teaching. 

S l be on the non-clinical 
i scale with membership of 
u The starting salary will depend 
on qualifications, age and experience. 





The successful candidate will be ex- 
pected to assume duty as soon as 
possible. 

Other particulars and a form of ap- 
plication may be obtained from the 
Deputy Registrar, Medical School, 
Queen's Medical Centre, Nottingham 


МО? 2UH, to whom completed appli- 
cations should be returned by the 
March 1, 1979. 9599(A) 
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THE OPEN 
UNIVERSITY 


FACULTY 
OF SCIENCE 


Lectureship 
in Biology 


Applications are invited for a tenured 
lectureship in Vertebrate Physrology. 
The person eppointed will be mvolved 
in the preparation and maintenance 
of the Biology Discipline’s 2nd and 3rd 
level courses in Physiology, and will 
be expected to take an active interest 
in the development of the discipline's 
future offerings in the held of con- 


tinumg educaton He/she will be 
either 


one of the existing research groups in 
the discipline The successful can- 
didate should have a good research 
record and teaching expertence in а 
physiologrcal area 

Commencing salary will be within the 
lecturer scale £3,883 to £7,754 pa 
with US S benefits 

Application forms and further parti- 
culars are available from The Recrurt- 
ment Office (JD3861/2), The Open 
Unrverarty, PO Box 76, Walton Hall, 
Milton Keynes, MK7 GAL or telephone 
Milton Keynes 63404 there is a 
24 hour answering service on 63868 
Closing date for applications ist 
March 9609 (А) 





UNIVERSITY OF EXETER 
DEPARTMENT OF PHYSICS 


Applications are invited for a post 
of ucer in Physics tenable from 
October 1, 1979 The research field of 
interest is Medical Ph Preference 
will be given to аррісапіз with ex- 
perienco in cea ork departments 

Commencing Salary within the range 
£3,883 to £5,604 p.a (under review), 
on the salary scale £3,883 to £7,754 
pa (under review) Further particulars 
may be obtained from Muss Doreen 
Watson, University of Exeter, North- 
cote House, Exeter, EX4 4QJ to whom 
applications (Ё copies) should be sent 
by March 2, 1979 Please quote refer- 
ence No 3199 9598(A) 


UNIVERSITY OF THE 
WEST INDIES 


JAMAICA 
Applications are invited for the post of 


LECTURER/ 
ASSISTANT LECTURER 


in the 
DEPARTMENT OF CHEMISTRY 


Applicants with interest in one or 
more of tbe following Photochemistry, 
Electrochemistry, Raciockemust or 
Ges Phase Kinetica would be erred 
and ап interest in спегру studics 
would be an added advantage. The 
appointment :s for three years to 
September 30, 1982. 

scale Lecturer, J$8,913 to 
7313,91 pe, Asstant Lecturer, 
J$7,236 to 1$7,926 ga (£1 sterhinge 
J$3 38). F.SS.U. Study and Travel 
Grant Unfurnished accommodation 
will be let by the University at a rental 


of 10% of а" ог а bounas. allow- 
ance of 20% "salary will be paid 
Family 


pasaget. 
Detailed applications (2 copies) with 
cumulum vitae and naming three 
referees should be sent direct as soon 
as possible to the Registrar, University 
of the West Indies, Mona, Kingston, 
Jamaica 
Applicants resident п the UK 
should also send one copy to the 
Inter-Univermty Council, 90/91 Totten- 
ham Court Road, London WIP ODT 
Further details may be obtained from 
either. address 9696(AÀ) 








Human Pharmacokinetics 
(Study Co-ordinator) 


May & Baker Ltd. 1s an internanonal Company, manufacturing and markenng а 
wide range of research based pharmaceutical products. 


. А vacancy has arisen for a Study Co-ordinator, reporting to the Head of the 
Pharmacokinetic Section of the Drug Metabolism Department, at Dagenham, Essex. The 
work involves the setting up, programming and monitoring of pharmacokinetic studies in 
healthy human volunteers and patients, in such a way that the studies are conducted 
according to the highest mternational standards. When available, the successful applicant 
will assist in the analysis of biologial samples and in the pharmacokineticanalysis of 


results obtamed. 


The studies will be conducted both “in-house” and in collaboration with the 
Chnical Pharmacology units of several hospitals. 


The successful applicant will be scientifically trained in an appropriate 
discipline, with good organisauonal ability and capable of working independently. He/she 
should be a graduate or an experienced technician with, ideally, a current driving licence. 


Please telephone 01-592 3060 extension 2506 for an application form or write 
, with full details of age, experience, qualifications and present salary to 





d [IEE veva Baker 


Mrs. P. M. Clark, Personnel Officer, (Scientyic Staff), May © Baker Ltd., 


Dagenham, Essex RM10 7X S, quoting reference monber 12/N/1 


9663(А) 








UNIVERSITY OF NAIROBI 


KENYA 
Applications are Invited for the post of 


PROFESSOR IN BOTANY 


Applicants should possess а PHD 
or equivalent in Botany with at least 
ten years of teaching at University 
level. Applicants must also have had 
considerable research expericnce аз 
evidenced by published work in any of 
the important areas of plant sciences 
They should also have a capacity for 
exercising leadership in under- 
graduate and postgraduate work as 
wel as conuderable administrative 
experience. 

ary scale, K£4,632 to Kf5,562 
pe (K£I=£! 34 sterling) The British 
Government may supplement salary by 
£6,552 pa. (sterling) for marned 
appointee or £4,644 pa (sterling) for 
single appointee (reviewed annually 
and normally free of tax) and provide 
Children's education allowances and 
holiday vint passages Family pessagos. 
superannuation scheme, medical aid 
scheme, various allowances 

Detatled application. (2 copies) with 
curriculum vitae and namung 3 referees 
to be sent direct to Repareer, Un- 
versity of Nairobi, PO. Box 30197, 
Nairobi, Kenya, by April 5, 1979 

Applicants resident ın the UK 
shoukt also send one copy to Inter- 
University Council, 90/91 Tottenham 
Court Road. London WIP ODT 
Further details may be obtained from 
either addren 9695(A) 












COLEG PRIFYSGOL CYMRU 
THE UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 


LASER STUDIES IN CHEMICAL PHYSICS 


Following the award of a major grant from the Sclence 
Research Council to promote the application of new laser 
systems to spectroscopy, we to invite applications for 
the following appointments (from 1 April, 1979, or as soon 
possible there-after); 


1. TWO POST-DOCTORAL RESEARCH ASSOCIATES, 
Grade 1A, starting salary in the range £3,883 to £4,382 
depending on age and experience; (2 year appointments). 


2. ONE POST-GRADUATE RESEARCH ASSISTANT, 
Grade 1B, starting salary in the range £3,384 to £3,883. (3 year 
appointment). Holders of this position. may be eligible to 
submit for a higher degree of the University of Wales. 


The persons appointed will be expected to work in a laser 
group encompassing the research interests of Professor W. J. 
Jones, Dr. P. A. Freedman, Dr. J. O. Williams and Professor 
G Williams. A wide range of lasers and spectroscopic instru- 
mentation ts available to promote studies in (a) time-resolved 
photochemistry and eee utilising а synchronously- 
pumped mode-locked/cavity-dumped argon  ion-dye laser 
system (P.G.R.A and one P.D.R.A.) and (b) the spectroscopy 
of gaseous molecules cooled to near OK in a supersonic jet 
(one P.D.R.A.). 


Application forms and further particulars may be obtained 
from The Registrar, The University College of Wales, Old 
College, King Street, Aberystwyth SY23 2AX to whom com- 
pleted application forms should be submitted as soon as 
possible. 9642(A) 
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Senior Scientific Officer/ 
Higher Scientific Officer/ 
Scientific Officer 
£2,839 to £6,898 


Appications are invited for a pensionable post in the Plant 
Pathology Division of the Department of Agriculture situated at 
Newforge Lane, Belfast. 


The successful candidate will be expected to take part in research 
on crop disease problems (primarily horticultural) and to assist in 
the provision of a specialist advisory service. The person appointed 
may also be required to undertake teaching duties in the Faculty of 
Agriculture and Foad Science, Queens University, Belfast. 


Senior Scientific Officer 

Over 25 and under 32 years of age on December 31, 1979, witha 
1st or 2nd class honours degree in Botany or Microbiology and at | 
least 4 years' relevant postgraduate experience. 


Higher Scientific Officer 
Under 30 years of age on December 31,1979, with an honours degree 
as above and at least 2 years' appropriate postgraduate experience. 


Scientific Officer 
Under 27 years of age on December 31, 1979, with an honours 
degree as above. 


Exceptionally applications may be considered from candidates over 
the age limits who have specialised experience. 


The Civil Service Commissioners may decide to interview only 
those applicants who appear from the information available 
(including the level of academic attainment and relevant experience) 
to be best qualified. | 





Salary scales 
Senior Scientific Officer £5,154 to £6,898 
Higher Scientific Officer £4,101 to £5,448 
Scientific Officer £2,839 to £4,415 


(The salary scales will be subject to review from April 1, 1979.) 


Grading and starting salary will be related to qualifications and 
experience. 


There are prospects of promotion to Principal Scientific Officer, 
£6 609 to £8,461. 


Please write or telephone for an application form quoting job 
reference SB 105/79/NM to the Civil Service Commission, 
Rosepark House, Upper Newtownards Road, Belfast BT4 3NR 
(telephone Dundocnald 4585 ext 256). Completed forms must be 
returned to arrive not later than March 2, 1979. 9656(A) 







NORTHERN IRELAND 
CIVIL SERVICE 


UNIVERSITY OF KING'S COLLEGE 
EDINBURGH HOSPITAL 
LECTURER IN 
SEED TECHNOLOGY 
The Edinburgh School of Agri- 
culture invites applications for a 
University Lectureship with respon- 
sibility for the — M.Sc./Diploma 


DEPARTMENT OF 
HAEMATOLOGY 
A Graduate Research Assistant to 


participate in a three year project in- 
vestigating the immunological and 


Course in Seed Technology, Tris « cytochemical properties of lymphoid 
month tyraduate course, which cells in malignant disorders. Training 
is supported by ODM, has emphasis will be given in the necessary tech- 








en technical management for s niques and it is possible that the pro- 
production, particularly ove ject will provide the basis fer a higher 
Applicants should be University degree. 

graduates with experience of seed 

production overseas. This is a three The appointment will be tenable 
wear appointment, in the first in- from April 1. 1979 for ore year in 
Stance, commencing at the latest the first instance, renewable annually 


from October 1979 on the Lecturer 
scale £3,883 to £7,754 per annum. 


For further details, contaci Dr M. V. 
Joyner on 01-274 6222 ext. 2735. Appl 
cation form and job description avail- 





Further particulars can be ob- 





tained from the Secretary to the 
University, University of Edin- 
burgh, Old College, South Bridge, 
Edinburgh, EH8 9YL. Applications 
shouk! arrive, if possible, not later 
chan 17 April 1979. Please quote 
Reference 1013. 


able from the District Personnel 
Department, King's College Hospital. 
Denmark Hill, London SES 965. Tel: 
01-274 6222 ext. 2254. 


Closing date: March 2, 1979. 
9629(A) 





9676(A) 





BIOCHEMICAL SOCIETY 

Applications 
senior post in 
rial Office. 


are invited for u 
the Society's Edito- 
The post involves res- 
ponsibility for editorial processing 
of material for the Biochemical 
Journal and other Biochemical 
Society publications. and the sug- 
cessful applicant will he required 
to uct as а deputy for the Editorial 
Manager. As well as a degree in 
biochemistry or related subject it 
is essential that candidates (prob- 
ably of age 35-45) should have had 
sound postgraduate experience of 
scientific editorial work and aca- 
demic publishing and be capable 
of supervising the work of others, 
A salary commensurate with the 
seniority of this pos will be 
offered. Please apply in writing, 
giving the names of two referees, 
to the Eexcutive Secretary, Bio- 
chemical Society, 7 Warwick 
Court, London WCIR SDP. 

9622(А) 








SENIOR 
HISTOPATHOLOGIST 
THE ST GEORGE HOSPITAL 
with conjoint appointment as 
Clinical Professor or Clinical 
Associate Professor 
School of Pathology 
University of New South Wales 


Australia 
Suitably — qualified medical prac- 
litioners are invited to apply for 


appointment as Senior Histopathologist 
at this 550 bed teaching hospital of the 
University of w South Wales. The 
appointee may also be offered the tithe 
of Clinical Profe íconjoint appoint- 
ment) or Clinical Associate. Professor 
(conjoint appointment) and as such 
would be responsible to the University 
of New South Wales for teaching in 
the School of Pathology, with access 
to the facilities of that school. 

The Histopathology Division provides 
à comprehensive service to the Hospital 
and is staffed with a second full-time 
specialist and two Registrars. A fuil- 
time Senior Lecturer in Pathology is 
also on site. 

Salary is at the Senior Staff Special- 
ist rate, currently $A39,364. p.a. Other 
conditions in terms of the Medical 
Officers’ Hospital Specialists’ (State) 
Award include study lea of three 
months for each five years’ service 
and limited right of private practice 
in terms of the procedures laid down 
by the Health Commission of New 
South Wales. 

Written applications, including the 
nantes and addresses of three referees 
close with the Chief Executive Officer. 
The St George Hospital. Kogarah. 
2217. on April 12. 1979. Enquiries 
concerning hospital duties should hc 
directed to the Medical Superintendent. 
The St George Hospial, phone (02) 
S88 1111, and on Uiversity matters to 
Professor A. Lykke (02) 662 2770 

9537(А) 
































CHILDREN'S HOSPITAL 
BIRMINGHAM 
TECHNICIAN OR 
BIOLOGICAL SCIENCE 
GRADUATE 


required for a research post. The 
successful applicant will be concerned 
with a leukaemia and non-Hodgkins 


Lymphoma study. Previous experience 
in immunology helpful but not 
essential. Appointment for one vear in 
the first instance. 

Salary according to 
qualifications. 

For further details and an applica- 
tion form please contact Dr F. G. H. 
Hill, Consultant Haematologist, Haema- 





experience and 


tology Department, The Children’s 
Hospital, Ladywoad Middleway, 
Birmingham Bi6 SET. Telephone: 
021-484 4851. Closing date: March 15, 
1979. 9590(A) 
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PROFESSOR OF 
BIOCHEMICAL 
PHARMACOLOGY AND 


CHAIRPERSON 
DEPARTMENT OF PHYSIOLOGY 
BIOCHEMISTRY AND 
PHARMACOLOGY 

E New York Mate College. « 
Veterinary Medicine. at Cornell. Un 
versity invites nominations und арро 
tions for the position of Chairperso 
of the Deparunent of Physiology, Bic 
chemistry and — Pharmacology. T! 
Speciality of the applicant. should t 
wahin the discipine of  biochemic: 
pharmacology Credentials shoul 
include evidence of outstandin 
Tescareh achievements and potentia 
administrative ability and considerab! 
teaching experience, and there shoul 
he a demonsreated commitment. to e? 
cellence in teaching and research. 

The department is multidisciptinat 
with responsibility for teaching, m 
search and service. The 17.000 squar 
feer of teaching and research labori 
tory spaec and 6,000 square fest « 
specialised animal-holding space al 
well-equipped for research and instrii 
поп on a wide range of subjects an 
species, The department is also eng 
ino interdisciplinary research p 
and training programmes in toxi 
e gastroenterology, 
should submit 
curriculum vitae, 
letters oof recommendation be sen 
directly to the Search Committes 

Heations accepted through June 1 


















thei 
and request that thre 






Please address all correspondence tc 
Professor. R. Н. Wasserman, 
Chairman 
Search Committee 
artment of Physical Biology 
Stare College of 
Veterinary Medicine 
Cornell University. Ithaca, 
New York 14853 
Affirmative Action /Euual 
Employer 










Opporrunit: 





95706 A1 


UNIVERSITY OF LEICESTER 
PHYSICS RESEARCH Ph.D. 
The Department of Physics o 

excellent researvh opportunities 

ing to the degree of Doctor of 
in the following areas: 


IONOSPHERIC. PHYSIC 





Philos 














NUCLEAR ELECTRONICS 
QUA UM MOLECULAR 
PHYSICS 


SOFT X-RAY SPECTROSCOPY 
SOLID STATE PHYSICS 
THEORETICAL PHYSICS 





X-RAY ASTRONOMY 
Further details and application form 
may be ob i from Professor. J.L 





Physics, Univer 
LEV TRE 
SARNLA) 


Beehy, Department of 
Leicester, 


sity af Leicester 








UNIVERSITY OF 
CALIFORNIA 
LOS ANGELES 
POSTDOCTORAL SCHOLAR 
AND ADIUNCT 
ASSISTANT PROFESSOR 
Individuals with expertise їп bio 
chemistry, lipid or protein chemistr: 
to investigate transmembrane processe 
or membrane structure/functian, Post 
doctoral position available immediatels 
$12.000 per year. Adjunct positio 





available June-September 1979 for 1- 
i salir 
month 


years maximum,  approximale 
$15.000/9 months plus 1-2 
summer salary, requires some t 
in undergraduate course in 
hiolagy. Send inquiries or si 
of interests, résumé and 3 
recommendation to Dr 
Department of Microbiol 














Molecular Biology instit 

sity oof California. Los 
California, U.S.A. 90024, An 
opportunity employer 9677CA) 
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THE OPEN 
UNIVERSITY 


FACULTY 
OF SCIENCE 


Research 
Assistant 
in Physics 


The post is avallable immediately 
starting date negotiable, The success- 
ful candidate will be required to 
develop electronic circuitry including 
interfaces for various data acquisition 
systems used in experiments in the 
Physics Discipline, which include 
work on biomagnetism, solar flux, 
semiconductor physics and nano- 
second spectroscopy. 

Applicants should hold a good 
honours degree in Physics Electronics 
or Electrical Engineering and be 
competent in modern electronics. 
This post is available for three years 
in the first instance, with the possibility 
of renewal for a further two years, 
Commencing salary will be within the 
Research Assistant 1B scale £3,384 to 
£4,882 p.a. with USS. benefits. 
Application forms and further parti- 
culars are available from The Recruit- 
ment Office (J03773/3), The Open 
University P.O. Box 75, Walton Hall, 
Milton Keynes, МК7 GAL. or tele- 
phone Milton Keynes 63404: there 
is a 24 hour answering service on 
63868. 

Closing date for applications: 1st 
March 9610(A) 





ST. GEORGES HOSPITAL 
MEDICAL SCHOOL 
(University of. London) 


POSTDOCTORAL 
RESEARCH ASSISTANT 


urgently required for a Medical 
Research Council three-year project in 
the Department of Structural Biology 
to work on fine structure and histo- 
chemistry of fracture healing їп long 
bones, Candidates should have quali- 
fications їп Biology or Zoology and 
be competent in all. aspects of pre 
parative techniques for, and the use 
Of, a transmission electron microscope 

Salary in the range £3883, £4,133, 
£4,382 plus London ullowunce £450 
per annum, 

Application forms and further 
particu available from the 
Establishment Olecer, Si. 
Hospital Medical School, 
Terrace, London SWI? ORE 

Ü6830^ 1 


















ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden, Herts, ALS 2JQ 
SCIENTIFIC OFFICER 


required fo assist. in a re 
gramine concerned with virus cases 
of grasses and 1 mes, Responsibilities 
will include laboratory, glasshouse and 
field. wo on virus diseases of rye- 
grass, clovers and feld beans, 
Qualifications: Puss degree, HNC or 
equivalent in biological sciences related 
to erop production. Experience in 
handling viruses and/or virus vectors 
and in Вен experimentation desirable 
bur not essential Driving licence. 
Appoiniment in grade of Scientific 
Officer, £2,839 10 £4,418 per annum 
Starting salary according to quali 
tions and experience. Non-vontributors 
Superannuation. ; 
Apply in writing to the Secretary, 
giving names and addresses of rao 
referees and quoting Ref. 
March 15, 1979, Further de 
leQuest. ONT 













sareh pro- 













































Wellcome 


Chemist/Biochemist 


Veterinary Research 


Applications are invited from young postgraduates, probably aged 25-35, to work as a 
Scientist within a multi-disciplinary team, studying the ways in which penetration, 
tissue distribution, and metabolism are involved in resistance to insecticides. 


Candidates should possess an honours degree in either Chemistry and/or Biochemistry 
and have experience in the use of modern analytical techniques, especially with regard 
to the estimations of compounds at very low levels. 


The Laboratories are part of The Wellcome Group Research and Development and are 
concerned with veterinary pharmaceuticals and control of insect pests. They are situate 
on the outskirts of Berkhamsted. іп addition to an attractive salary, the Group offers 
excellent conditions of employment including assistance with relocation expenses 
where appropriate. 


If you are interested, please write or phone for an 

application form, quoting reference NA.2, to: A. J. Morris, di 
Site Personnel Officer, The Wellcome Foundation Limited, 

Ravens Lane, Berkhamsted, Herts. Tel: Berkhamsted 3333, 

ext. 363. 





9661(A) 


BUSH BOAKE ALLEN LIMITED 
a division of 
ALBRIGHT AND WILSON LIMITED 
| have a vacancy in the Process Technology Department 
PROFESSOR / ASSOCIATE of the Flavour Laboratories at Walthamstow 
PROFESSOR /SENIOR London E17 for a 


L-ECTURER/LECTURER | SENIOR PROCESS TECHNOLOGIST 


Applivants should have a Ph.D.. pre- 
ferably with emphasis on Agricultural 
Economics. Experience in an African 
or other developing country preferred. 
Duties include conduc lectures and 
tutorials in Agricultural Economics, 


UNIVERSITY OF ZAMBIA | 


Applications are invited for the 
following posts in the DEPARTMENT 
OF AGRICULTURAL ECONOMICS 





The тз duties of the successful candidate will 
| be to follow lines of research in connection with onion 
flavours. In particular he/ she wil study the relation- 








Marketing and Agricultural Policy for | ship between varieties and stages of maturity of onions 

undergraduate students, plus initiating | 4 a] T ~ ay И Popp LIES 

research or continuing current research | with their yields of flavour Precursors. 

DUANE EM ОНДАН Ер Applications are invited from candidates aged 24 4 

peres Р Бе ji , И nom MN RE S E ^ i 
Salary scales: Professor KBS,616 to with a good academic knowledge prob ably al post- 

K9.135 per annum, Associate Professor graduate level. Experience with panes products and 


K8 232 K8.616 per а { Seni 
Loiret KT Vr KEO рет Айй, their chemistry and handling is essential. A knowledge 


Lecturer K4,956 to К7,608 per annum af, o a 
та of, or experience with H.P.L.C. is desirable. 
An attractive salary will be offered in addition to a 


Government may supplement salaries 
range of employee benefits which include a non- 


in range £2,.0922 to £5,952 per annum 
(sterling? for married appointees and 
£930 to £3.366 per annum (sterling) for i contributory pension scheme 
single appointees (reviewed annually Jd P 4 


and free of tax) and provide childrens | Applications in writing to: 
education allowances and holiday visit = 
passages. Family passages: baggage R. J. Saunders 
allowance; medical aid scheme; regular | i | ver ya ре 5 
overseas Teave. Detailed applications | Recruitment and Training Manager 
(x copies) with curriculum vitae and | BUSH BO АКЕ ALI EN | TD i 

| JS 21 D ALLE) A LS, 
Box 2379, Lusaka. Zambia by March | Blackhorse Lane 
31. 1979, Applicants resident in the Es. 
U.K. should "d one copy to Walthamstow E17 











naming 3 referees to be sent dir 
Registr University of Zambia. 















Inter-University Co . 90791] Totten- - 

ham Court Road, Londen WIP 0DF | : 01-531 4211 

Further details may һе obtained from | E : 
either uüddress 963 А) i stating age. qualifications and experience. 





9689CA 





Institute for Marine Environmental Research 


SCIENTIFIC OFFICER 
HIGHER SCIENTIFIC OFFICER 
SENIOR SCIENTIFIC OFFICER 


The staff of the Institute comprises multi-disciplinary teams for research 
on ecology of open seas and estuaries, and effects of strees and pollution 
Investigations in the field and by laboratory expenments include 
analyses of variability in natural populations and climate, quantification 
of ecosystem processes, formulation of mathematical simulation 
models and derivation of indices of environmental quality. There are 
four vacancies at Plymouth: 


Post 293—Mlicroblology: for research on heterotrophic and auto- 
trophic processes In open seas and estuaries In relation to ecosystem 
dynamics, organic substrates, and nutrient herbivore and detritivore 
cycles. Candidates preferably with post-graduate experience In micro- 
biology and related organic chemistry. 


Post 305—8tatistios: to provide a consultative service, participate 
In statistical design, analyses and interpretation, and to develop 
methods for marine ecological research. Candidates preferably with 
experience In application of probability stetisucs to research in natural 
sclencos. 


Post 328—Computing: for management and development of soft- 
ware for research in marne ecology; also operation of two PDP-118 
(RSTS/E and RSX-11M) ; supervision of one assistant and two data 
processors Candidates preferably with experience of software develop- 
ment for research, knowledge of FORTRAN and BASIC 


Post 330—Mathematical modelling: to partcipate In mut- 
disciplinary research teams, to develop deterministic and stochastic 
models of manne ecosystems. Candidates preferably with post- 
graduate experience in mathematical ecology 


Academic Qualifications: For Posts 293, 305 and 330, a good 
Honours degree In an appropriate subject. For Post 328 a degree, HNC 
or HND in computing sclence plus relevant experience Ability to work 
at sea In research vessels and small boats із essential for Post 293 and 
would be an advantage for the other posts. 


At least two years’ relevant postgraduate expenence is required for 
appointment as Higher Scientific Officer. Candidates with less or more 
experience may be appointed as Scientific Officer or Senior Sclantrfic 
Officer, respectively. 

Salary: SO—£2,839 to £4,415; HSO—£4,101 to £5,448; SSO— 
£5,164 to £6,898. Starting salary may be above the minimum 


Staff of the Council are not Civil Servants but pay and conditlons are 
similar to those of the Cm! Service, Including a non-contributory 
pension scheme. 

For further particulars and application forms, please write, 
quoting the Post Number, to The Director, Institute for Marine 
Environmental Research, Prospect Place, The Hoe, Plymouth 
PL1 ЗОН. 


Natural Environment Research Council 
8607 (А) 





SOMERSET DEPARTMENT OF ZOOLOGY 


UNIVERSITY OF DURHAM 


LEVELS PROJECT 
RESEARCH ASSISTANT 


required for palacobotansal in- 
vestigations of prehistoric environ- 
ments in the Levels, Postion 
tenable in the Department of 
Archacology, Unlvermty of Cam- 


tely £3,000 per 
ng date, Арп! 1, or 


Furtber details from: 
Dr J. Coles 
Department of Archasology 
Downing Street, Cambrxige 
Clomng date: March 5. 
9693( A) 





Applications are invited for the 
post of 


LECTURER IN 


ANIMAL BEHAVIOUR 


tenable from October 1, 1979 Can- 
didates should have бе expertencs 
and be able to assist with ecological 
teaching and with the development of 
Joint Honours courses with Psychology 
and Anthro 


La 
Road, Durham DH 3LE, from whom 
farther particulars may be SAY 
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UNIVERSITY OF 
BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
Appblcations are invited for а post of 


RESEARCH ASSOCIATE 


to Pals esi dicis ın research with Dr 
Ferguson on a biochemical in- 

pam ee Hanh of the Bioenergetica of 

Paracoccus denitrificans 

will be in the range 


3 per annum (plus 


ed by tbe 
S.R.C, Is to be fil as soon as 
pomfble, and m available for a 


ng 
£3,384 to £3, 
S.S. 


Appheations (2 copies 
names of 2 referees to 
Heyes, Senato риу, ey of 
Birmingham Box 363, Birmung- 
ham BIS rS from whom further 
particulars may be obtained 
Closing date. March 9, 1979. 
9682(A) 


includi 
R. 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSICS 
RESEARCH 
DEMONSTRATOR 


Applications are invited for а ge 
of Reseerch Demonstrator in 
densed Matter Physics. He/she will be 
required to undertake, under tho 
direction of the Head of Department, 
tutorial or demonstrating work within 
the Department up to а maximum of 
twelve hours a week, he із not er- 
pected to give lecture courses The 
soccessfol applicant will be required 
to work for the degree of Doctor of 
Philosophy with the condensed matter 
physica group. Tho interests of the 
group incinde the study of disordered 
matter and of metal surfaces 

Salary within tbo rangs £3,215 to 
£3,384 to £3,634. 

Further particular from tbe 
Registrar to whom applications on the 
form provided sbould be sent by April 
1, 1979 9678 (A) 


MEDICAL 
RESEARCH COUNCIL 


BIOCHEMICAL 
PARASITOLOGY UNIT 
MOLTENO INSTITUTE 


UNIVERSITY OF 
CAMBRIDGE 
RESEARCH TECHNICIAN 


to amis a group studying tbe bio- 
chemistry of parasitic protozoa The 
work Involves operation and basc 
maintenance of an analytical ultra- 
centrifuge. Microbroloqpcal / Blochernical 
training and expemence in optcal/ 
photographic systems essential HND 


or equivalent ulred. 
Salary rango £3,190 to £3,838 (under 
reviow) 


Applcations to Tbe Director, 
Medical Rescarch Council Biochemical 
Parasitology Unit, The Molteno In- 
stituto, Univerat of Cambridge, 
Downing Street, bridge CB2 3EE. 

9686(A) 


QUEENSLAND INSTITUTE 
OF TECHNOLOGY 
Brisbane—Australla 

HEAD OF SCHOOL OF 


APPLIED SCIENCE 


The Institute uw seeking а suitable 
person to fill this senior post 
m $A33,061 per annum. Full details 
are available from the t-General 
for  Queensiand, 392 е Strand, 
London WC2R OLZ ог telephone 
(01) 836 3224 

Written applications quoting V. 22/79 
together with telephone contacts, fuil 
detalis and the names of three referees 
should reach the „penon Officer, 
QLT, George & Brisbane 4000 
Aostraila by May п" 1979 9650( À) 


THE ROWETT RESEARCI 


INSTITUTE 
Bucksburn, Aberdeen AB2 9SB 
APPLIED NUTRITION 
DEPARTMENT 


RESEARCH OFFICERS 
(2 posts) 


The Institute Invites — applicati 
from suitably qualified candidates 
two research postis within its Appl 
Nutntion Department 

1. The successful a 


work on aspects of the nutrit 
of cattle, paying particular att: 
tion to optimelising the use 
resources in the production 
meat. 
This post will be in the Sen 
Scientific Officer (£5,154 to £6,! 
per annum) ог Prncipal Scient 
Officer (£6,609 to £8,461 | 
annum) grades and starting sali 
depends on experiences. At leo 
four years’ uato ер 
ence is ired in relevant 
of 

2. The second post is for a реп 
who wouid be expected to stu 
the nutrition of the very you 
pig with particular reference 
amino acid requirements a 
their relationships to tbe dieti 


pply. 
This appointment will be 
Scientific Officer (£3,294 to £4,4 
per annum) or Higher Scienti 
to £5,448 | 


posigradu: 
experrence ls required for H.S 


grad 
upper second class nours degree 
one of the bilogical sciences or 
agriculture, and an interest in t 
practical application of science in t 
animal industry. 

Thert is & non-contributory penal 
scheme. 

Further details of the post may 
obtained from the Secretary of t 
Institate, to whom applications shot 
be submitted together with the пап 
or two, lo to whom reference c 

made osing date March 16, 19 
AKA: 


UNIVERSITY OF GLASGO 
DEPUTY RADIATION 


PROTECTION OFFICER 


Аррса!їош are invited for t 
above appointment in the Univers 
Radiation Protection Service. Ap 
cants, preferably with a dogree 
physics, should hove several years’ | 
perience in operational health, PPTs 
or in handling radiolsotopes 

le of dealing with all aspects 
fological protection in the Univ 


ut 

The successful applicant, under t 
overall supervision of the Radiati 
Protection Officer, will be responsíl 
for the dario day operation of t 
University Radiation Protection 5 
vice, Duties will include advising 
the safe use of radouot ‚ Хч 


relationship which exists between t 
Service and the departments it aerv 
preference will be given to candida 
of suitablo personality with an abl 
to imise and communicate with work 
in other disciplines 

Salary will be at an appropri 
[ош on Grade ІА (£3,883 to £6,5 

terim) E tho salary scales for Ot! 
Related Мат. 


Further lars may be obtair 

from tho ary of o Unreess 
s 18, University 

Gi Glasgow G!2 500. w 


eroest, 
ып pm 2 Sese Ref ? 
y piso quoto 
4374M ISHA: 


Nature Vol. 277 


THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 

SENIOR LABORATORY 
SCIENTIFIC OFFICER/ 
LABORATORY SCIENTIFIC 
OFFICER 


Required in the Department of Bio- 
chemistry to take charge of the Under- 
graduate Teaching Laboratory. The 
appointee will be expected to be totally 
responsible for the preparation work 
for Pre-Clinical Medical and Dental 
Classes during term-time. A part-time 
appointment might be possible. 

Full-time salary, according to experi- 
ence, in the гапве: = 

Laboratory Scientific. Officer: £3,261 
to £4,680 plus £354 London Weighting 
p.à. 

Senior Laboratory Scientific Officer: 
£4,347 to £5,769 plus £384 London 
Weighting p.a., together with super- 
annuation. 

Enquiries to Dr. C. W. Parr, Tel. 
01-247 0644 Ext. 20. Applications to 
the Secretary, The London Hospital 
Medical College, Turner Street, Lon- 
don E! 2AD. quoting Ref, B/1/79. 

9603(A) 





UNIVERSITY OF LONDON 


READERSHIP IN 
PHYSIOLOGY 
AT QUEEN ELIZABETH 
COLLEGE 


The Senate invites applications for 
the above Readership to be held at the 
Department of Physiology (Head of 
Department: Professor D. L. Yudi- 
levitch, М.О). The Reader will be an 
experienced physiologist of proven 
research ability. The Department has 
been expanding its research activities 
in the past few years and is now well- 
equipped for studies in its current 
interests. Queen Elizabeth College is 
located in Kensington in a pleasant 
neighbourhood near Holland Park. 


The successful candidate wil be 
expected to develop his/her own 
research, supervise postgraduate re- 
search students and to contribute to 
undergraduate teaching. 

Applications (10 copies) must he 
received not later than March 30, 


1979, by the Academie Registrar (№), 
University of London, Malet Street, 
London WCIE 7HU, from whom 
further particulars (including — the 
salary scale) should first be obtained. 
9684(A) 





UNIVERSITY OF THE 
WEST INDIES-— BARBADOS 
Applications are invited for the post 

of PROFESSOR/SENIOR LECTURER 
IN THE DEPARTMENT OF 
BIOLOGY. Duties to be assumed as 
soon as possible and not later than 
September 1, 1979. 

Salary scales: Professor (їп the 
range). BDS$36.729 to BDSS45 480 per 
annum: Senior Lecturer: BDS$25,827 to 
BDS$34.017 per annum (£1 sterling 
BDS$3.99). F.S.S.U. Unfurnished 
accommodation will be let by the Uni- 
versity at a rental of 10% of salary. 
A housing allowance of 20% of salary 
is payable to staff who make their own 
housing arrangements. Family passages. 
Study and Travel Grant. Detailed appli- 
cations (three copies) with curriculum 
vitae and naming three referees should 
be sent dfrect as soon as possible to 
the Registrar, University of the West 
Indies, Mona, Kingston 7, Jamaica. 
Applicants resident in the U.K. should 
also send one copy to Inter-University 
Council, 90/91 Tottenham Court Road, 
London WIP ODT. Further details may 
be obtained from either address, i 

9637(A) 








RESEARCH ASSISTANT 
to work on the Biochemistry of Sickle 
Cell Disease. Salary on the Whitley 
Council Scale. Please apply to the 
Secretary, U.C.H. Medical School, Uni- 
versity Street, London WCIE 61] 
quoting reference RA/EH. 9639(A3 
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SENIOR RESEARCH 
APPOINTMENTS 


BERKELEY NUCLEAR LABORATORIES 


Applications are invited for two posts of Division Head at the CEGBs 
Nuclear Laboratories at Berkeley in Gloucestershire. The function of 
the Laboratories is to provide the necessary technical and sc entific 
support to Plant Operation. Construction, Commissioning and 
Forward Ordering of new plant as part of the CEGB s expanding 
nuclear power programme. The Laboratories have the full range of 
facilities expected of a major industrial laboratory 


Division Heads report directly to the Director of the Laboratores and 
are responsible for the initiation and effective management o! a broad 
range of research programmes. With these two appointments 

Laboratories will be organised as five scientific divisions ar 
appropriate supporting groups. with a total staff of 720 of whom 2 
are graduate scientists and engineers. 


The range of technical disciplines involved in the Laboratories 

research programmes is very wide and thus candidates with good 
academic qualifications in any of the engineering or physical к 
will be considered. More important than the candidates tech 
discipline is the ability to demonstrate a proven record both o 
class personal research and effective research management 
preferably in a major engineering-based industry. Whilst itis 
desirable that this experience is relevant to the nuciear energ 


The salary for these appointments is in a range up to £13,600 p.a. 
(due for review as from 1 April 1979). 


CENTRAL ELECTRICITY GENERATING BOARD 


RESEARCH DIVISION 


mE 
mm 
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industry, this is not an exclusive requirement. These are challenging B 
| and important posts demanding high personal qualities and a | 
| significantly long period of relevant experience. 





Applications giving details of qualifications. experience, puoriications T 
etc. should be sent within two weeks to W. H. F. Brooks. Divisicnal B 
Personnel Manager. Courtenay House. 18 Warwick Lane. London 

EC4P 4EB. Quote Ref. NRD1. 


OBB TA) 








LINCOLN COLLEGE 
(University College of 
Agriculture) 

New Zealand 
LECTURER IN CROP 
PHYSIOLOGY 


Applications are invited for the 
position of Lecturer їп the Depari- 
ment of Plant Science. Applicants 
should have qualifications and research 
experience in crop physiology, pre- 
ferably combining a sound knowledge 
of physiological principles with 
experience of crop or pasture produc- 
tion. Teaching at undergraduate and 
postgraduate levels — will necessitate 
competence in such topics as photo- 
synthesis, water relations, competition 
etc, 

Commencing according to 
qualifications and experience. Present 
salary scale is: NZSI1,529 10 
NZ$14,280. Travel and removal expen- 
ses are reimbursed up to specified. 
limits. New Zealand Government 
Superannuation is available, 

Initial enquiries may be made to 
the following now on study leave in 
England: Dr P. Jarvis, Plant Physi- 
ology Department, University of 
Sussex, or Dr W. R. Scott, Plant 
Breeding Institute, Cambridge. 

Conditions of Appointment 
obtainabie from the Association 
Commonwealth Universities 
36 Gordon Square, London 
ОРЕ, or from the Registrar 
College. 

Applications 
1979. 


salary 


are 


(Аррі8.), 
WCIH 
of the 
close 


on Aprii 16, 


961A; 


of | 








POSTDOCTORAL POSITION 
available immediately for research on 
membrane phenomena associated with 


mediator release in allergy. Applicants | 


should have a background in immuno- 





chemistry or biochemistry. Send 
curriculum vitae and three letters of | 
recommendation to Dr A, Froese, 


Department of Immunology, University 
of Manitoba, 730 Wiliam Avenue, 
Winnipeg, Manitoba, CANADA R3E 
ows. 9648( A) 





UNIVERSITY OF GLASGOW 
DEPARTMENT OF 
BIOCHEMISTRY 
RESEARCH ASSISTANT 


Applications are invited from 
graduates іп Biochemistry, or related 
subjects, to work on a project con- 
cerned with Neurotransmitter metab- 
olism: in brain cell cultures. 

The project is funded by the 
Scouish Home and Health Depari- 








ment, and is under the supervision of 
Dr R. 1, Freshney, Beatson Institute, 
Glasgow, and Dr P. F. T. Vaughan 
Biochemistry Department, Glasgow 
University. 


















The position will be for two years 
at a starting salary of £3,634 rising to 
£3,883 (Range B, Research and 
Analogous Staff scales). 

Applications, enclosing curriculum 
vitae and the names of two referees, 
should be sent то Dr P. F. T. 
Vaughan, Biochemistry Department. 
University of Glasgow, Glasgow GI 
ROQ., by March 2. 1979, 

їп reply please quote Ref. Ne 
4364M. 962404) 








UNIVERSITY OF LEEDS 


DEPARTMENT OF 
CARDIOVASCULAR STUDIES 


required to 
supervise cardiolog hysiological 
techniques. The Я 
ministration, quality control, irain 
ing of май, and co-ordination of 
routine diagnostic technical investi- 
gations in two hospitals, and res 
quires an ability to control a ате 
technical ма! (30 plus technicians) 
and be responsible to hospital com 
nts. erience in the teche 
investigation 
uiry do the 


OST 
post 


sult 
nigoes of cardiol 

is essential. Prior 
department is encour 
of ачан i 
нс 
substantial 


reievant. experienee, 


Salary 
£5,517 


is on scale £3 ORS 10 


(Grade 
Salaries are 

review. 
Applications to: 
Profesor R 


Deparonent of Cardi 
Studies 


ovasculaár 


Leeds 
Leeds 1,52 94T, 
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Ph.D - 
IMMUNOLOGIST/ 
IMMUNO- - 
PHARMACOLOGIST 


We have a vacancy for a research 
graduate in the Department of 
Biochemical Pharmacology at our R & D 
Laboratories situated in Leicestershire 


Applicants should preferably be qualified 
in Immunology or pharmacology with 
relevant research experience to Ph D level 
The successful applicant will join a team 
of biologists investigating cellular and 
animal models of rheumatoid arthritis 


Fisons offer a competitive salary and 
assistance with relocation expenses where 


appropriate 


For an application form please write 
or telephone Mr Bryan Johnston, 
Fisons Limited, Pharmaceutical 
Division, Bakewell Road, 
Loughborough, Leicestershire LE11 
OQY. Tel: 0309 66361 quoting 


reference number RD45/N. 


9627(A) 


A FISONS % 


PHARMACEUTICAL DIVISION 


Southampton 
THE 
UNIVERSITY 


4" | 
ө" аш) 


DEPARTMENT OF PHYSICS 


Applications are invited for two 
LECTURESHIPS in the Depart- 
ment of Physics The persons 
appointed will be expected to play 
а full part in the Department's 
programme of teaching and research 
in experimental physics It ss likely 
that preference will be given to 
candidates with research experience 
in the fiekds of condensed matter 
physics, low-temperature physics 
and space physics 

Salary scale £3,883 to £7,754 per 
annum plus USS The initial 
zalary will depend on qualifications 
and experience 

Further  partiulars may be 
obtained from Mr E C P Sean. 
Staffing Section The University, 
Southampton SO9 5NH to whom 
applications (7 copies trom United 
Kingdom applicants) should be sent 

rhan March 26, 1979 
number 
S470( A) 


not later 
Please uote reference 
1703/A/Na 








THE 
QUEEN'S UNIVERSITY 
OF BELFAST 


RESEARCH SCIENTIST 
DEPARTMENT OF MEDICINE 


Applications are invited from 
graduates with an honours degree 
in biochemistry, physiology or bio- 
logy, preferably postdoctoral, for a 
research programme into the role 
of gut and ncreatic hormones in 
diabetes mellitus, Facilities would 
be provided in the Department of 
Medicine, where multiple analyti- 
cal, histological and chemical tech- 
niques are available The post is 
tenable for one year from April 1, 
1979 or as soon as possible there- 
alter and may be renewed until 
January, 1982 

Salary scale (under review) £3,885 
to £5,130 with superannuation, ini- 
tml placing depending on age, 
qualifications and experience 

Curmculum vitae, giving the 
names and addresses of two refer- 
ees, should be sent to the Personnel 
Officer, The Queen's University. of 
Belfast, BT7 INN, Northern Ire- 
land Closing date March 5, 1979 

9628(A) 





KING'S .COLLEGE 


HOSPITAL 


DEPARTMENT OF CHILD 
l HEALTH 


RESEARCH ASSISTANT 


A graduate research — amustant 
with experience in standard bio- 
chemical enzymatic and immuno 
logical techniques : required to 
join an on-going study of Collagen 
Metaboliam in liver disease in in- 
fancy and childhood This и part 
of a larger project being under- 
taken jointly by the Department 
of Child Health and the Liver Unit 
at King's investigating factors 
which cause chronic liver diseases 
in this age group. 

The objective of this study is to 
find means of controlling collagen 
deposition and thereby preventing 
permanent liver damage. 

Pay will be according to quali- 
flcations and hours. 

For application form and job 
аеюнрнон, please apply to the Dis- 
trict Personnel Department, King's 
College Hospital, Denmark Hill, 
London SES 9RS. Tel. 01-274 6222 
ext 2254. Closing date; March 1, 


1979 9602(A) 








AUSTRALIAN NATIONAL 
UNIVERSITY 


Research School of 
Physical Sciences 


FELLOW/SENIOR 


FELLOW—LASER PHYSICS 


DEPARTMENT OF 
ENGINEERING PHYSICS 


Applications are invited for a post 
of Fellow/Senior Fellow їп the 
Research School of Physical Sciences, 
to provide leadership for a research 
group in Laser Physics which is part 
of the Department of Engineering 
Physics. The research group currently 
has three other (non+tenured) member 
of academic staf and appropriate 
professional and technical supporting 
staff. It has a well established labora 
tory with two neodymium laser systems 
Producing peak powers of up to a 
few hundred gogawatts. — Research 
centres on the interaction. of intense 
laser radiation with matter. Current 
main research areas arc the spectro- 
scopy of, and superthermal particle 
generation in, laser-produced plasmas, 
and non-linear forces in laser-matter 
interactions. 

The appointee will have a strong 
background of experimental laser-based 
physics. In addition to carrying out 
his own research he will be expected 
to: develop and coordinate research 
projecta which fully utilise the group’s 
facilities and joint expertise‘ in ways 
Suitable to a university research lab- 
oratory whose emphasis 15 on basic 
Physical science, initiate and cooperate 
in research projects with others in the 
Research School, and collaborate as 
appropriate with other Australian 
laser groups Ы 

Appointment ц for five years in the 
first instance with the possibility of 
extension, after review, to retiring age. 
65 years 

Closing date. March 16, 1979. 

Salary will be in accordance with 
qualifications and experience within 
the ranges Senior Fellow $A24,686 to 
$A28.773 per annum, Fellow $А 18,401 
to $424,652. per annum Current 
exchange rates $A! - $051 13 - 56р. 

Reasonable appointment — expenses 
are paxi Superannuation benofits are 
available for applicants who are 
eligible to contmbute Assistance with 
housing is provided for an appointee 
from outside Canberra 

The University reserves the right 
not to make an appointment or to 
make an appointment by invitation at 
anv time 

Prospective applicants should obtain 
further particulars from the Asocia- 
tion of Commonwealth Universities 
(Appts), 36 Gordon Square London 
WCIH OPF 9608(A) 





QUEEN ELIZABETH 
COLLEGE 
‘Kensington 

(University of London) 


LECTURER IN PHYSICS 


Applications are invited for the post 
of Lecturer in Phymcs The Depart- 
ment, besides the traditional single- 
subject physics course, has undergradu- 
ate courses in medical physics and 
astrophysics Applicants should pre- 
ferably bave interests in teaching and 
research directed either towards the 
analysis and application of mages 
formed by optical, radio ‘or matter 
wavos or tho associated optoelectronic 
and solid state devices. Salary on 
scalo £3,909 to £7,754 per annum, the 
Starting salary depending on qualifica- 
tions and expenence. Lassen allow- 
ance of £450 per annum is paid in 
addition. : 


' Apply to tbe College Secretary, 
Queen Elizabeth College, Campden 
Hill Road, London W8 7AH from 
wbom further particulars and an-appli- 
cation form may be obtained. 
5 9605(A) 





^ 


AUSTRALIAN NATIONAL 
UNIVERSITY 


CENTRE FOR RESOURCE AND 
ENVIRONMENTAL STUDIES 


DIRECTOR 


The University seeks to appoint a 
Head of the Centre for Resource and 
Environmental Studies to succeed Pro- 
fessor Frank Fenner, CMG, MB.E, 
FAA, FRS., who wil retire at the 
end of 1979. 


The Centre us designed to advance 
research in resource and environmental 
studies, to provide postgraduate train- 
ing including a Master's degree by 
courtework, and to восі solutions to 
proulems of resource and environ- 
Mental management The present 
academic staff, including the Director, 
comprises five senior tenured staff and 
seven research fellows, drawn from 
both social and natural science disci- 
punes. ' 


The Director is responsible through 
the Vice-Chancellor to the University 
Council for the operation and develop- 
ment of the Centre and for its 
administration and financial manage- 
ment The Durector's most important 
role ıs that of academic lea 1p, 
he will be expected to lead and co- 
ordinate multiduciplinary research 
studies within the Centre, taking a, key 
role in developing the major projects 
that will at any time occupy a sub- 
stantial part of the time of all staff of 
the Centre Ніз professional back- 
ground may be in any fleld appro te 
to the Centre He should have a broad 
interest in and understanding of re- 
source and environmental studies, and 
should if possible have had expenence 
in leading — rnulti-disciplinary team 
projects 

The Director will also hold a Chair 
in the University The term of office as 
Director will be a matter for agree- 
ment with the University but is likely 
to be for five to seven years with the 
possibility of extension for a further 
period Appointment as professor 1з 
until retiring age, 1¢ the end of the 
year in which the professor reaches 
the age of 65 years, with the option 
of retiring at any time after age 60. 


Anyone interested in being con- 
sidered for this appointment 15 asked 
to write in confidence to the Registrar, 
PO Box 4, Canberra, ACT 2600, 
Australia from whom further informa- 
tion may be obtained. 


Reasonable appointment expenses are 
paid Superannuation benefits are avall- 
able for applicants who are eligible to 
contribute Assistance with housing 18 
provided for an appointee from outside 
Canberra 


The University reserves the mght not 
to make an appointment or to make an 
appointment by invitation at апу tıme 

9636(A) 
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UNIVERSITY OF ZAMBIA 


Applications are invited for the post 
of SENIOR LECTURER/LECTURER 
IN THE DEPARTMENT OF 
PHYSICS Appheants must have а 
PhD or equivalent Applicants for 
Senior postions must have consider- 
able University lecturing experience 
Preference will be given to persons 
interested in Solid State Physics and 
Nuclear Physics Appointee will be 
required to teach undergraduate courses 
leading to а В 5с in two subpects or 
ш  Physxs Sala Seale: Senior 
Lecturer K7,608 to "Ks.016 per annum 
Lecturer K4,956 to. K7,608 per annum 
(£1. merhng—K1 56) The British 
Government may supplement salary in 
runge £2,922 to £4,350 per annum 
(sterling) for married appointee or £930 
to £l, per annum (merling) for 
angle appointee (reviewed annually 
and normally free of tax) ond provide 
children's education allowances and 
holiday visit passages Family passages, 
baggage allowance, medical aid scheme; 
regular overseas leave Detailed appli- 
cations (2 copies) with curriculum vitac 
ond naming three referees to be sent 
direct to Registrar, University of 
Zambia, PO Box 2379, Lusaka, 
Zambia, by March 31, 1979. Applicants 
resident in the U K should also send 
one copy to Inter-University Council, 
90/91 Tottenham Court Road, London 
WIP ODT Further details may be ob- 
tained from either. address, 

9635(A) 





UNIVERSITY OF EXETER 
LECTURER IN 
COMPUTING SCIENCE 


Applications are invited. for а 
lectureship in tbe Department of Com- 
puter Science, tenable from October 1, 
1979 

Candidates should be qualified 
person: working in any area of com- 
puter science Speciniuations which are 
of particular interest, but which are not 
intended to make up an exhaustive 
list, are data-base computation and 
theory, artificial intelligence, computer 
architecture and systems, theory of 
Programming languages and semantics, 
operaung sysiems, duimbuted comput- 
ing and networks. 

Commencing calary will be within 
the range £3,883 to 44.631 per annum 
(under review) on the scale £3.883 to 
17,754 per annum (under review) The 
post 15 Subject to a probationary period 
not exceeding three years with the 
prospects of permanency thereafter 

Further particulars may be obtained 
from Ми Doreen Watson, University 
of Exeter, Northcote House, Exeter 
EX4 4QJ, to whom applications (eight 
copies, overtcas candidates one copy) 
should be forwnrded by March 9, 1979 
Please quote reference No 3205 

965%А) 





ARMAGH OBSERVATORY 
ARMAGH, N. IRELAND 


Applications are invited 
for the post of 


RESEARCH ASSISTANT 


The successful candidate will work in 
close cooperation with the Observatory 
май оп spectrophotometnc pro 
gramme Candidates should preferably 
have a Master’s degree in Physics or 
Astronomy, but a candidate with a 
good honours degree in the same 
subjects may be considered Some 
familiarnty with modern techniques of 
data reduction. by computer 1з highly 
desirable 

Appointment is tenable for one year 
from October 1, 1979, but may be 


renewable Remuneration according to 
Range 1В for Universiüy Research 
Assistants 


Application tating qualifications 
and oxperience and names of two 
referees should be received not later 
thun May | 1979 by the Sccretary. 
from whom further particulars may be 
obtained 9668(A) 











JOHN INNES INSTITUTE 
NORWICH 
HEAD OF 
VIRUS RESEARCH 
DEPARTMENT 


Applications аге invited for the 
above position 

The Department is concerned with 
the biochemistry and biophymes of 
plant viruses, mycoplasmas and their 
constituents, the structure and composi- 
uon of proteins, the composition. and 
function of nucleic acids, aad related 
topics. Work in similar fields ıs carried 
out in the other three departments 
and collobaration between departments 
Is encouraged. 

The facilities available in tho 
Institute are comprehensive Teaching 
at undergraduate and graduate 
level may be unJertaken. e Institute 
ш modern and well situated Further 
particulars may be obtained from the 
ee Professor Roy Markham, 

The pt is graded as Senior Principal 
Scienti Officer (£10,043 to £11,300) 
Non-contributory superannuation 

Applicants should forward curu- 


lum vitae, hs of publications and 
names of suitable referees to the 
Secretary, John Innes Institute, 


Colney Lane, Norwich NR4 7UH, by 
March 31, 1979 9667(A) 





THE UNIVERSITY OF 
NOTTINGHAM 
LECTURESHIP 


in the 
DEPARTMENT OF 
THEORETICAL MECHANICS 


Appheations are invited for the 
above appointment Candidates should 
be qualified tn a branch of mathematics 
which has some relevance to engineer- 
ing, for example solid mechanics, fluid 
mechans, clectromagnetic theory, 
optimisation theory, numerscal analysis, 
statisiecs, control theory or applied 
analysis 

The duties of the post will include 
the teaching of mathematics to 
Engincering students and to Honours 
Degree level to students Їп math- 
ematics-with-Engineering 

The appointment will be made within 
the salary scale for University Lec- 
turers, £3,883 to £7,754 per annum 
(interim scales) but the appointment 
will be made initially within the range 
73.883 to £4,382 per annum 

Further particulars and forms of 
application, returnable not later than 
March 2 1979, from the Staff Appoint- 
ments Officer, University of Notting- 
ham, University Park Nottingham 
NG7 614 9660( A) 





UNIVERSITY OF 


CAMBRIDGE 


DEPARTMENT OF 
ENGINEERING 


RESEARCH ASSOCIATE 
or ASSISTANT 
for High Resolution Electron 


Microscopy 


Applications are invited from persons 
who must have practical experience in 
both high-resolution electron micro- 
scopy and electronics, for an SRC- 
tunded Pu with the Cambridge Uni- 
versity kV high-resolution electron 
microscope project. 

The succ: ul appleant will prn- 
marily be expected to assist external 
users in the operation of the mxro- 
scope but will also be required io 
assist ın {һе trouble-shooting and 
repair of a variety of electronic items 
and to consiruct simple electronic 
circuns Some standby/shift work may 
occasionally be necessary 

Tenure 18 months from Aprl 1. 
1979 

Pensionable salary in the range of 
£4 631 to £6,080 per annum, depending 
on age and experience 

Applications (two coples), including 
4 curriculum vitae, and the names of 
two referees should be sent to the 
Socretary. Faculty of  Engineenng, 
Cambndge University Engineering 
Department, Trumpington Street, Cam- 
bridge CB2 1Р7 by February 28 1979 

9666(A) 





of research and development. 


Head of Physical 
and Analytical 
Services Unit 


The continuing expansion of the Medicinal Research Centre has 
led to the creation of a Physical and Analytica! Services Unit, to 
undertake wide-ranging analytical and physico-chemical studies 
relating to our programmes in medicinal chemistry during all phases 


The Unit Head will be required to staff and equip this function and 
to contribute in the design of new Laboratones A staff of some 
twenty could ultimately be envisaged, encompassing spectroscopy, 
elemental microanalysis, chromatography and general analysis 


Candidates should possess at least an appropriate first degree and 
have some years’ relevant expenence of analytical chemistry, 
preferably of pharmaceutical substances Considerable store will be 
placed upon a candidate's management potential and the ability to 
align the service closely to the needs of the research programmes 
through an outgoing and innovative approach 


If you wish to be considered for this new post, please wnte, out- 
lining your career to-date, to John Atkinson, 


Site Personne! Manager, 
Beecham Pharmaoeuticals, 

Medicinal Research Centre, ^ 
The Pinnacles, 
Harlow, Essex. 


Beecham 
Pharmaceuticals 










































9701 (A) 





ANATOMIST 
BROWN UNIVERSITY 


invites applications 
and nominations for а position as 


INSTRUCTOR 


or ASSISTANT PROFESSOR 


to teach human morphology and to 
conduct research in any area of mor- 
phological sciences. Applicants should 
have a doctoral degree and a demon- 
strated competence and enthusiasm 
for the teaching of the gross, functional 
anatomy of man in the perspective of 
hu evolutionary and = embryological 
development and in the focus of its 
clinica] relevance Candidates with a 
productive research programme in com- 
parative anatomy, primatology, embry- 
ology, neuroanatomy and other aspects 
of the morphology of whole organams 
will be especially welcome Starting 
date July 1, 1979 Send before March 
1, 1979, a curnculum vitae, descrip- 
tion of teaching and research interests, 
anod three ietters of recommendation 
to Dr G E Enkson, Division. of 
Biology and Medicine, Box О, Brown 
University, Providence, R I 02912 An 
Equal Opportunity/Affirmative Action 
Employer 9665(А) 


St THOMAS’ HOSPITAL MEDI- 
CAL SCHOOL Academic Unit in 
Immunology Research Technician 
(MLSO/SMLSO) or Graduate Research 
Assistant Required from April 1979 
for wark on the Immunology of Blind- 
new Experience in Cell/Tissue culture 
ап advantage Usual salary scale 
(Whitley Council/University) according 
to qualifications/experience Applica- 
tions quoting names of two referees to 
Dr D C Dumonde, Director, Acade- 
mic Unit in Immunology The Rayne 
Institute, St Thomas’ Hospital Lon- 
don SE! 7EH (Tel 01-929 9292 ext 
3186) 9685(A) 











UNIVERSITY OF 
EDINBURGH 
LECTURER IN 
CLINICAL CHEMISTRY 


Applications аго invited. from 
medica] graduates and from science 
graduates holding 4n Honours 
Degree in Biochemistry or Chem- 
istry ог one of the related sciences, 
for the post of Lecturer in the 
Department of Clinical Chemistry 
which os situated tn the Royal 
Infirmary of Edinburgh The de- 
partment 14 responsible for provid- 
ing а wide range of diagnostic 
Services in choral chemistry, 1% 
involved | in tenching at several 


ца in the medical curnculunm, 
and has good facilities for research 
and development 


The department 
и registered as а (irxining labora- 
tory for postgraduate professionul 
qualifications, Arrangements can be 
made with Profesor |. С Whitby 
(031-229 2477, ext 2319) to visit 
the department 

Salary on the scalo £4,336 to 
£7,683 for a medically qualified 
Lecturer, or £3,883 to 17,754 for 
a non-medical Lecturer, and the 
Successful applicant will be re- 
commended for the award of an 
Honorary Contract by the Lothian 
Health Board. 

Applications should be sub- 
mitted by March 10, 1979, together 
with the namus of two referees, to 
the Secretary of the University, 
Old College, South Bridge, Edin 
burgh ЕНЕ 9YL, from whom 
further particular may be 
obtained Please quote Reference 
1012. 96901 A) 














FACULTY POSITIONS. OPEN ` 

College of Agriculture and Food Sciences 

KING FAISAL UNIVERSITY., ; 
Hoffuf, Saudi Arabia ` 


Inquiries ‘ invited from qualified applicants at all 
academic levels to teach courses in the following 
flelds: ` . 


Agricultural Economics Horticulture 

Animal Science .' Agricultural Extension 

Animal Ecology Water Resources and 

Agronomy . Climatology. 

Agricultural Engineering Plant Pathology 

Dairy Science . ‚Ноте Economics and Nutrition 
` Bee Keeping Poultry Science 


Prerequisites:. Masters or equivalent degree; practical 
and/or teaching experience. Preference will be given 
to Arabic speakers. . , 

, Language of instruction is English. K 
Positions are available starting September 1979; inter- 
views scheduled with the Dean in the United States 
and Great Britain during April/May 1979. 

Salary Ranges: 5 

‘Gross monthly salary Approx annual 
Rank in Saud: Riyals’ (sterling equivalent) 
Professor .. .. SR 7,195 to SR 9,595 (£12,983 to £17,314) 
Associate Professor SR 6,435 10 SR 8,185 (£11,612 to £14,770) 
Assistant Professor SR 5,245 to SR 7,765 (£9,466 to £14,012) ` 
Lecturer SR 3,280 to SR 4,530 (5,919 10 £8,174). 
Benefits: Free furnished accommodations; substantial . 
educational allowance for up to four children; air fare 
to and from Saudi Arabia once a year for husband, . 
wife and two children plus 60-day paid summer holi-' 
day; no'Saudi income tax. 


Send complete curriculum. vitae stating preference of 
course and names, addresses and telephone numbers 
of three references to: go Ж. 
Dr H. M. Elarosi, Dean | 
College of Agriculture and Food Sciences. 
King Faisal University 
at the appropriate addresses below: 
Post Office Вох 2 ` 
Sunbury-on-Thames 
Middlesex TW16 5JP, England; 
c/o Saudi Arabian Educational Mission 
2223 West Loop South, Suite 400 


Houston, Texas 77027, U.S.A. 
t. i 97004). 


SHEFFIELD AREA HEALTH AUTHORITY (TEACHING) 
SOUTHERN DISTRICT (TEACHING) 


‘GROUP DEPARTMENT OF HAEMATOLOGY 


State registered M.L.S.O. 
A or - 
Junior B M.L.S.O. 


Applications are invited for the, above post from State- 
. registered M.L.S.O's or graduates with a Science. Degree which 
‘should include as a principle subject one or more of the 
follouiig:— Biochemistry, biology, chemistry, microbiology. 
‚ physics. physiology or zoology, or from persons who possess 
two science ‘A’ Тус preferably chemistry and biology. 


This is a career post, commencing salary within the range of 
£2,370 and 3.015, depending on academic qualifications. 


Applications stating age. qualifications (and the names and ` 


addresses of 2 referees to the District Personnel Officer. 
Floor B. Hallanshire Hospital. Glossop“ Road: Sheffield * 
S10 SRX uiuit ^ 7. 9641(A) 
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on the c 


Leeds LS!6 6QB (Te! 
details may be obtained. 


THE UNIVERSITY OF LEEDS 


DEPARTMENT OF RADIOTHERAPY 
' (Cookridge Hospital) 


RESEARCH TECHNICIAN 


(Grade 3 £2,688 to £3,060) 


Currently required to. assist experimental studies of the effect of drugs 
hromosones of normal and cancer cells . 


; Suitable applicante will have formal qualifications and appropriate 
laboratory oxpenence In the biologica! sciences А 
qualifications, experience and the names and a 
* referees should be sent to Professor С A F Joslin, University, Depart- 
ment of Radiothorapy, Regional Radiotherapy Centre, Cookridge Hospital 
Leeds 673411 Ext : 








cations stating age. 
rosses of 2 emic 







215) from whom further 
9673(А) 













STUDENTSHIPS 





UNIVERSITY .OF WARWICK 
POSTGRADUATE RESEARCH 


‘in 


l ENVIRONMENTAL 


MICROBIOLOGY 


Applications are Invited for research 
studentships in the Department of 
Environmental Sciences, tenable from 
October 1, 1979 leading towards a 
Ph.D. degree in the feks of. 
cellulose degradation, stability of bac- 
tertal drug resistance factors, ino 
nitrogen metabolmm in facultatively 
anaerobic . thiobacilli and рес 
monads, bactenal oxxiation and lead- 
ing of metal sulphides by mesophilic 
and thermophilic tron bacteris, coloni- 
ton of antifouling surfaces. by 
bacteria,‘ soil quality and bacterial 
colonisation of soil particles, microbial 
m ers and soil aggregation, micro- 

dehalogenases,  rhirosphere/root 
region microbiology Applicants should 
have or expect to gain this'summer, а 
honours degree in Microbiology, 
rochemiry ог а related subject. 
Enquiries to Dr J H. Slater, Dopart- 





ment of. Environmental Sciences, 

Univeruty : of Warwick, Coventry 

CV4 7A 9625р) 
AGRICULTURAL 


RESEARCH COUNCIL 
LETCOMBE LABORATORY 


A.R.C. RESEARCH 
STUDENTSHIP 


APPLICATIONS are invited for an 
ARC Research Studentship tenable 
for three years from October 1, 1979 at 
the ‘Letcombe Laboratory for research 
on the effect of soil conditions on гоо! 
growth and crop yxeld 


The student will work on the effect« 
on cereals of either water shortage or 
wnterlogging 


Applicants must have, or be likely 
to obtain, at least U; Second Class 
Honours and will expected to 
register for a higher degree 


Further details апі application 
forms from the Secretary. Agricultural 
‘Research Council, Letcombe Labord- 
tory, Wantage. Oxon, OXI!2 9IT 
Closing date for applications March 
12. 1979 ТЕ) 





UNIVERSITY OF ABERDEEN 
FACULTY OF MEDICINE 


RESEARCH STUDENTSHIPS 


Applications are invited from recent 
first or upper second clam bonours 
graduates in а biological — science 
subjects, and from those who expect 
зо to graduate in 1979, for research 
studentshipe establuhed by the Faculty 
of Medicine from its Medical Endow- 
ment funds Successful applicants will 
study for the degree of PhD on an 
approved project in one of the depart- 
ments of anatomy, bacteriology, bio- 
chemistry, bio-med physics and bio- 
engineering, developmental biology, 
pathology, pharmacology or physiology 
commencing In October 1979 

The value of the studentshup п 
£1,610 р.а, (for students ‘living away 
from home) with payment of tuition 
fees and other allowances 

Application forms and further 
particulars of the projects may ' be 
obtained from D. K Yule, University 
Office, Regent Walk, Aberdeen AB9 
IEX, to whom applications should be 
submitted by March 16, 1979. 





ROTHAMSTED 
EXPERIMENTAL STATION 
Harpenden Herts ALS 2JQ 
PHYSICS IN AGRICULTURE 
A.R C. Research Studentship 
from October 1979 


Applications are invited from 
graduates or expected graduates in 


physical science for ап A.R.C 
Research Studentship The projects 
would include aspecis of soil water 


physics and water movement in plants. 
with reference to the movement and 
availability of water п agncultural 


30 

A first or upper-»cond class honour 
degree or an equivalent. qualification 
i required. The succesmful candidate 
will be regutered with a Univeraty 
for a PhD 

Applications, giving the names, of 
two referees should be sent by March 
12 to Dr № Day, Physics Depart- 
ment, from whom further: particulars 
may be obtained. 9645(F) 


EAST MALLING 
RESEARCH STATION 
AGRICULTURAL 
RESEARCH' COUNCIL 
STUDENTSHIP 


Postgraduate studentship tenable 
from tober 1, 1979, for 3 years for 
research leading to higher degree on 
one of the following projects 

Water and mineral uptake by 

secondary thickened tree roots, | 
or 

Integrated control, ecologrcal effects 

of pestiexies on the  hop-damson 

aphid and its natural enemies 

First. or Upper-second Honours 
degree esential. 

Further detaila and application form 
from the Astistant to the Secretary, 
Eas Malling Research Station, Maid- 
stone. Kent, MEI9 6BJ RAF?! 


А 
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SYMPOSIA 


FIFTH EMBO ANNUAL SYMPOSIUM 
NUCLEIC ACID-PROTEIN INTERACTIONS 


October 12 – 15 inclusive 
EMBL Heidelberg. 


In addition to members of the Organ:sing Committee Invited speakers include: 


J. Abelson (La Jolla); T. Bickle (Bagel): H.- Bujard , (Heidelberg) , P. Chambon (Strasbourg) ; R. Flavell (Amsterdam) ; 
C. Guthne (San Francisco), S. Hamson (Harvard) ; C. Helene: (Orléans), H. Hoffmann-Berling (Heidelberg) ; A. Landy 
(Brown); A. McPherson (Pennsylvania); M. Ptashne (Harvard); M. T. Record (Madison); H. Saedler (Frelburg) ; 
A. Schmitz (Geneva), J. Sperling (Rehovot), G. Stóffler (Berlin); F. W. Studier (Brookhaven); E. Vinuela (Madrid) ; 
J. C. Wang (Harvard) , W. Wintermeyer (Munich) ; C. Yanofsky (Stanford). 


The eight Plenary Sessions wil! cover Model Systems, Viruses; Chromatin; Polymerases; Regulatory Signals on DNA; 
Cleaving, Processing and Modifying Nucleic Acids; Ribosomes and tRNA; New Frontiers. 
The Symposium will be held at the European Molecular Biology Laboratory Heidelberg with registration on Thursday, 
October 11. Plenary sessions will be held in the mornings and afternoons of October 12-15 inclusive. The Symposium 
banquet will be held on the evening of October 15. Poster sessions will be arranged; applicants wishing to present 
8 poster should submit a trtle and an abstract of 1-2 pages. Participants will be accommodated in two hatels on downtown 
Heidelberg, and transportation to the meeting wili be arranged. . 


The registration fee is DM 80.00 and includes daily lunches and the banquet but neither hotel charges nor evening meals. 
Applications Including a curriculum vitae should be sent to Dr. J. Taoze, Executive Secretary, European Molecular Blology 
Organisation, Postfach 1022.40, 69 Heidelberg 1, FRG, by May 31, 1979. Since the number of participants is !imited 
to 200 the Organising Committee will notify those who have been accepted in August 


Organising Commies: D. Crothers (Yale); J.-P. Ebel (Strasbourg) ; A. Klug (Cambridge) : C. Kurland (Uppsala, Chairman) ; 
J. Miller (Geneva) ; H. Schaller (Heidelberg) ;-J. Tooze (Heidelberg, Secretary) ; C. Weissmann (Zürlch). 9616(M) 





ROYAL FREE HOSPITAL 
FELLOWSHIPS | ' SCHOOL OF MEDICINE 


(University of London) 
DEPARTMENT OF 





STRAW DECAY 
SYMPOSIUM 
April 10, 11, 1979 
HATFIELD POLYTECHNIC 





HATFIELD . BRITISH DIABETIC ASSOCIATION puer dia Ие 
Торюз. Effects of mw residues АррЦоаЦорз are ог Н 
oa germination Pathogens,- fauna LAWRENCE RESEARCH FELLOWSHIP POSTDOCTORAL 
Decay on or in soil, mushroom SUBJECT: DIABETES MELLITUS = 
composts, rumen. Im ent for ELIGIBILITY. Open only to UK residents Candidates mum be ' RESEARCH FELLOWSHIPS 
animal feed, ana digesters nately qualified in oiedicine or science. VALUE. Appropriate point in BIOCHEMICAL ENDOCRIN- 
Microbiological and Blochemcai РА S or university scale up to registrar (or шуен purty) grade, OLOGY, supported by the Cancer 
aspects. TENABLE In any approved Institution in U. OTHER Research Campaign and The Wellcome 
Contact. G bard, HatSeld INFORMATION: Awarded for in dent Баа ^ MBER. Two Trust, to work with Dr B. A. Cooke 
Pol Bayfordbory H offered, normally every two yours (Offered for 1979/80). PARTICULARS: on the hormonal control of normal and 
гоа. 53847. $4704) Н Ayailable from Secrotary-General, British Diabetic Association, 10 Queen neoplastic Leydig celis. Experience of 
Anne Street, London WIM OBD Tel- 01-323 1531 cell culture and hormone receptors 
CLOSING DATE. Apn! 18, 1979, 9664(E) would be an advan 





tage, 
Commencing salary within range 
ae to £4,655 plus £450 London 


SYMPOSIUM ON CELL EIE ы tlon from the Schoo 
ELECTROPHORESIS UNIVERSITY COLLEGE QUEEN MARY COLLEGE | seraay, REHSM. а Haste 
på Teena Sr m оп сар DUBLIN University of London Re houia de lud M 
гес a M PHYSICS DEPARTMENT soon аз posible, quoting refereuce 
pus, dace Mr in POSTDOCTORAL Appheatlons are invited for а CRC/W 9614(E) 
It ws intended that approximately 70 FELLOWSHIP IN PHYSICS А POSTDOCTORAL 


Participants will be involved in the 
mx balf-day seesions, to be chaired by A postdoctoral fellowship is шь RESEARCH FELLOWSHIP 


specialists in tbe topics covered Chair- | mediately lca XR for ed nse E for 3 years from October 1, for 





men include: Dr J Kaplan, Dr E the ser piis ee 
лига, Profesor E J. Field, Dr 5 absorption, of produced ааа ee a попа on, model о POSTDOCTORAL 
Hanmn, Dr J Dickinson. Applicants should be. experience of | structure as part of an SRC. funded FELLOWSHIP 


Laser-Do ler spectroscopy will be atomic spectroscopy, preferably in the omor 
demonstrated. and and Dr Unger of Zeus | Vacuum ultraviolet region Some know- Ia wlan d nee $4359 to Mah PAL ТӨ пош Ау t К ii 
will be introducing tho Parmoquant ledge of laser-systerns and/or plasma per annum "undis review). virol or related area interest 
communications (10 mins physics would also be desirable The Fellowship bo available A a BUE the struct nd S 
oral, or poster display) arc invited A | SPPOintment, which ш supported by | ineorist to то: п the th group | of ein Hoo Han and pec BNA 


Regixrati Fee of fi П be | the National Boerd of Science and 
pes on o 0 will Technology will an initial salary on research not necessarily tied to this viruses Applicants must have received 


pube. detalis may be obtained from ог, ‚762 Cor anew d pigro Ph.D) fux Chap, which арра бота Apa] Diez: Salary is is $12,000 for 
r Preece, logy Research may е o three years ' t year 

Unit, Radiotherapy Centre, Bristol BS2 | Applications, accompanied by a curri- aaki vita and | oue ы i leew кыйлы sa Шы е К He 
SED (Tal 0272 2204] exin 2469), or | culum vitae and the names of two | two referees should bo sent fo The Send curriculum vi ercaces 
from Dr D ‘Sebolovic, INSERM, | referees, should be sent to R r, (N) Queen Mary р College to Dr D. G оаа жа 
Unité do Cancérologie Pxpérimentale , Profesor P К. Carroll, © ' Mile End Road, London 4NS' | Biochemistry, Univers iri Ыр 
S semen Ji Vandocuvre-lds- Department of Physics, E омс applicants are asked i requewt Edmonton Alberta T6G 27, Canatia: 
алсу, France (Tel 83 55.5201) University Colloge, thetr referees to write directly to Pro- Tba University of Alberia is an 

9675(M) Dublin 4, Ireland 9620(E) fessor Charap PAE) equal opportunity employer 9378(E) 
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FELLOWSHIPS—continued 





UNIVERSITY OF 


BIRMINGHAM 
DEPARTMENT OF GENETICS 


RESEARCH FELLOW (1A) 
for five years 
RESEARCH ASSOCIATE (1B) 


for two years 


Applications are invited for the 
above positions, tenable trom May 1, 
1979. duccessiul applicants will col- 
laborate in a programme supported by 
the M.R.C. and S R.C to extend and 
apply tbe methods of quantitative 
genetics to the analysu of human 
varigoon with particular reference to 
human behaviour. Applicants should 
be graduates ш the biological or 
behavioural sciences and in (be case 
of the Research Fellowship should 
havo proven ability ın research, 
Experience in any of the following 
areas would be advantageous’ quantita 
uyo genetics, behavioural measure- 
ment, computer programming, Stats- 
tcs, tbe collection of human data. 

Salary on tho scale £3,883 to £6,555 
(Research Fellow) or £3,884 to £4,882 
(Rescarch Associate) plus superannua- 
fion. mexumum сан salaries гез 

ively £5,842 and £3,883. 
Porurther particulars are available 
from tho Аздап! Registrar, Science 

Engineenng, University of Bir- 
mungham, P.O. Box 363, Birmingham 
BIS ZIT, to whom applications (three 
copies), including ful) curriculum 
vitae and naming three referers should 
be sent by ie 9, 1979 
Please quote ref 4 9626(E) 





UNIVERSITY OF KENT 
AT CANTERBURY 


POSTDOCTORAL 
FELLOWSHIPS IN 
CHEMISTRY 
Applications are invited for two 
PO CTORAL RESEARCH 


FELLOWSHIPS supported by the 
Science Research Council to work on 
the preparation and characterisation 
of carbonyl clusters. ‘One post will 
be concerned with 

GC - {03RH HNMR measurerocnis 
of rhodium clusters (with Dr B. T 
Heeton) The other post will be 
concerned with X-ray ‘structural deter- 
- minations of carbonyl clusters in 
solution (with Dr B T Heaton and 
Dr A D C. Towi). Both posu are 
available for two years commencing 
October 1979, Salary in the range 
£3,883 to £4,382. 

Application forms and particulars 
may be obtained from tbe Senior 
Assistant Regnirar, Faculty of Natural 
Sciences, Chemical Laboratory, The 
University, Canterbury, Kent 
TNH to whom completed applications 
should be returned by March 16, 


“ f. АЗ 
1979. Please quote re PINE) 


к 





UNIVERSITY OF 


EDINBURGH 
DEPARTMENT OF 
MOLECULAR BIOLOGY 


` POSTDOCTORAL 
FELLOWSHIP 


available for work on the molecular 
biology and genetics of the cell 
cycle of Escherkhia col The pos- 
Muon, which s available im- 
mediately, i currently supported 
until December 1980 but there is 
the posubility of extension beyond 
that date, Candidates should be in 
& positron to take up the appoint- 
ment between now and the autumn 
of 1979. i 

Apply to Dr W D Donachie, 
Department of Molecular Biology, 
University of Edinburgh, King's 
Buildings, Mayfield Road, Edin- 
burgh, EH9 3JR Scotland Please 
quote Reference 5005 

` IXE) 
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COURSES 


a 
INNER LONDON j 
EDUCATION AUTHORITY 
о ——ÓM—MM———————— 


Would you like to 
teach science in an 
Inner London 
Secondary School? 


Applications are invited from graduates in pure or appiled 
science or engineering, who are at least twenty-five years 
of age, and who wish to be allotted a place on the Authortty's 
one-year science Induction course. This will be held at 
Avery Hill Collage of Education, beginning In September 
1979, and those who successfully complete it will be awarded 
the post-graduate certificate of education. 





Successful applicants will hold a one-year temporary 
teaching appointment during the perlod of the course, and 
will be paid the appropriate salary as а qualified teacher. 
On successful completion of the course they are guaranteed 
a permanent position in the Authority’s general teaching 
service, and will be expected to ramain with the Authonty 
as full-time secondary science teachers for at least two 
further years. 


Preference will be given to those with degress in the 
physical sciences or in engineering. However, graduates In 
the biological sciences are algo urged to apply. Provided 
they are willing to undertake a measure of retraining 
during the course, sufficient to equip them to teach physics 
or chemistry to 'O' level, their applications will be given 
very careful consideration. 


Previous experlencein other fields will betaken into account 
when assessing starting salaries, currently within the 
range £3438 to £5138 including London allowance. Starting 
salaries can therefore be substantially above the minimum 
of this scale — which, in any case, is currently the subject 
of salary negotiations. 





For application forms and further information 
write now to the Education Officer, EO/TS2, 
Room 67, The County Hall, London, SE1 7PB, ог 
telephone Mrs Marchant on 01-633 2051. Closing 
date is two weeks from date of publication. 


9698(D) 





BRITISH COUNCIL COURSE 
Agricultural Education and Training 


September 2-14, 1979 


The aim of this course {з to review and discuss the developments which 
have taken place in the last ten years in Britain in the education and 
training provision for agriculture resulting in new curricula designed to 
meet the needs of operntives, craftsmen and technicians, The course 1 
mainly intended for senior agricultural and horticultural educationists, 
senior staff nnd inspectors actively involved in vocational agricultural and 
horticultural education and training working outude Bntain 


Fee including full residence £365 


Further details and application forms may be obtained from local 
Representatives of British Council offices overseas or from The Director, 
The British Council 65 Davies Street, London WIY 2AA 9651(D) 








EMBO COURSE 


ULTRACRYOMICROTON 


An advanced practical course 
Ultracryomicrotomy will be һе 
EMBL, Heidelberg from May 
1979 

Instructors will :nclude Dr 
Tokuyasu, UCLA, San Diego. 
Ucipants will be limited to a n 
mum of 10 and preference wil; 
given to those having some exper: 
with the technique Limited funds 
be available to cover travel expens 
some cases  Apphcants should \ 
before March 1, giving details of 
vant interests to: Dr О = Grif 
EMBL, Postfach 10 2209, 
Heidelberg, Fed Rep Germany 

964 





UNIVERSITY OF BRISTC 
12 MONTHS M.Sc COUR: 
by Advanced Study and Reses 


are offered in the following subjec 
Advanced Analytical Chemistry 
(Inorganic Chemistry) 
Surface Chemistry and Соо ш 
(Physical Chemistry) 
The Physics of Materials (Physic 
Mathematical Loge and Founda 
of Mathematics (Mathematics) 
Fluid Mechanics (Mathematics) 
All five courses qualify for a quot 
SRC advanced course students! 
Further details of tbe invidual cot 
may be obtained from the Hem 
the Department concerned, Unive 
of Bratol, BS8 ITH Enquiries 
also invited for details of oppor 
ties for research leading to the de 
of PhD 9632€ 





ASSISTANTSHIPS 





ROYAL FREE HOSPITA 
SCHOOL OF MEDICIN] 


(University of London) 
DEPARTMENT OF BIOCHEMIS 
AND CHEMISTRY 


TWO POSTDOCTORAL 
RESEARCH ASSISTANTSH 
required 


i1 Bio-phynical chemist to join rese 
group working on membrane s 
ture and function Experience 
spectroscopic and surface techn! 
a particular advantage 
Chemist with either materials aci 
or surface coating expericuci 
in research group working on 
i0materials 
Initial salary for both appointn 
within range £3,909 to £4,655 plus 
London Allowance Further partic 
available from the School Secre 
RFH.SM, 8 Hunter Street, Lo 
WCIN IBP, or telephone 01-837 
ext 54 Closing dato March 9, 19 
9597( 


ю 





GRANTS &SCHOLARSH 





THE ROYAL SOCIETY 
GOVERNMENT GRAN 
FOR SCIENTIFIC 
INVESTIGATIONS 


Application for grants from 
first allotment of the Govern 
Grant for Scientific Investigations 
the year 1979 should be made not 
than March 15, 1979 on forms o 
lucation to be obtained from 

ecutive Secretary of the і 
Society, 6 Cariton House Terrace, 
don, 1Y 34G 

Applicants must be British aul 
domiciled in the United King 
Grants:may be made to promote 
support research in science an 
ass scientific expeditions and c 
tions, but not for personal | 
tenance, payment of stipends or t 
scientific publications 96041 
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For the separation of DNA 


use now the Boehringer Mannheim 


affinity adsorbents for 


base-pair -or 


sm ghrometograpty ^ 


The elution profile for a 
separation of 0.5mg of -DNA 
digested by Eco RI on a 
malachite green-substituted 
column (1.5 x 16cm, 5.8ml/h 
fiow rate, room temperature) 


base-pair- 
specific 
separation 


malachite green 
gel (A-T)-spec 


phenyl neutral red 
gel (G-C)-spec 


DNA affinity adsorbent, (A-T)-specific 
(malachite green gel), 25 ml, Cat. No.275352 
DNA affinity adsorbent, (G-C)-specific 

(phenyl neutral red gel), 25 ml, Cat. No. 275387 
DNA affinity adsorbent, structure-specific 
(acridine yellow gel), 25 ml, Cat. No.302376 





Bünemann, Н. & Müller, W 
(1978) Nucl. Acids Res. 5, 
1059 -1074 


structure- 
specific 
separation of 
supercoiled 
and open 


circular DNA acridine 
yellow gel 


For checking the separation method 

we recommend 

DNA-molecular weight marker | 

-DNA + Eco RI) Cat. No. 236233 
DNA-molecular weight marker II 

(A-DNA + Hind III) Cat. No.236250 

or Lambda-DNA, Cat.No.208396 

together with our restriction endonucleases. 


For details please ask your local representative or: 


heim 


Circle No. 01 on Reader Enquiry Card 


man 


Boehringer Mannheim GmbH 
Biochemica 


c boehringer Р.о. вох 310120 
D-6800 Mannheim 
W. Germany 
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New from Mettler: 


Two phototitration 
Instruments 


The new DK18 and DK19 Phototitrators function according to a dual beam measuring principle 
built into the immersion probe. The measuring light beam travels through the sample solution 
without having to be specially shielded. Neither daylight nor artificial lighting can affect the 
measuring results because the high-frequency light modulation of the instrument serves to 
suppress the interference effects caused by external light sources. 

The main difference between the two instruments consists in the type of their interference 
filters. The DK18 is equipped with a continuous scanning filter which also makes possible the 
recording of spectra. The DK19, on the other hand, uses interchangeable plug-in filters with 


fixed wave lengths. And the measuring range of both instruments goes from 400 to 690 nm 
(visible range). 
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Industrial innovation in the UK-a first step 


Over the past few years, Britain's faltering industry has 
come in for much attention from a variety of: official. and 
semi-official bodies. There has been the establishment of a 
National Enterprise Board and several discussión documents 
on the engineer and his relation with universities, industry * 
and government, culminating in the Finniston Committee 
of Enquiry. The Science Research Council has taken a new 
range of initiatives such as the Co-operative. Awards in 
Science and Engineering scheme, Total Technology courses 
and Teaching Companies, Now from the very centre of 
government, the Cabinet Office, comes a paper Industrial 
Innovation (HMSO, £1) produced by, an unnamed working 
party, chaired by Dr A. Spinks (ICD, for the Advisory 
Council for Applied Research and Development (ACARD). 
The working party had a brief to consider ways in which 
conditions for innovation in British industry might be. 
improved and to make appropriate recommendations for 
Ministerial action. е : 
' ‘Innovation’, in current usage; means much more than just ,, 
invention. It encompasses improvements to present pro- 
ducts and processes as well as the introduction of new ones, 
and innovation does. пої just comprise, what goes on in the 
R & D laboratory; it includes all the activity that goes into 
getting the new or improved commodity widely accepted. 
Some relatively unspectacular activities such as making car 
doors that shut with a satisfying click,- or mechanical 
devices that break down less frequently than their cóm- 
„petitors may be.much more profitably innovative than no 
end' of ultra-high technology. Identifying niches that no- 
one else has explored, be they relatively humble in tech- 
nological terms, may bring major rewards. Maybe a slower 
but much cheaper propellor plane would be a better project 
for the 1980s than another supersonic jet transport. | 

It is not only Britain that is seriously worried about its 
industry’s-record. The United States is equally concerned 
about overseas competition from Japan and Western 
Europe, even with thé built-in help of an ‘enormous' and 
affluent domestic market, many US' industries are finding 
themselves being undermined. At present an enormous 
nationwide effort is in train to come up with some policy 
options for President Carter. By contrast the British docu- 
ment & mere 26 pages in length looks slim indeed, and 
sensible аж. шалу of the suggestions are, they sadly lack the 
sort of detailéd' analysis, case studies and reference to give. 
[е pacer the Weight which will impress ministers and théjr 
a rs, t ` n 


td 
D 


.were received of the misuse of words: 


The report lists, as obstacles to innovation in Britain, 
continua] changes in the.economic environment, lack of 
incentives for managers and entrepreneurs, the burden of 
legislation, overmanning, falling industrial productivity, 
emphasis on short term returns, lack of qualified manpower 
and: technological ignorance in board rooms. The working 
party, in response to this, recommends a variety of cor- 
rective actions—a tax structure more favourable to invest- 
ment and to small businesses, more encouragement to 
Research Associations, strengthening university/industry 
relationships, pressure on nationalised industries and gov- 
ernment procurement agencies to support their suppliers, 
notably small technologically based industries, and so on. 

Few would argue either with: the analysis, brief as it is, 
ог that'the measures suggested were inappropriate, but even 
so the. working party has concentrated its attention heavily 
on tactics, rather than on strategy. We urgently need to 
know the answer to questions such as what sort of indus- 
trialised nation does Britain wish to become; whether it will 
incorporate into an industrial policy any considerations of 
technological interaction with the developing world; 
whether our present educational system, at secondary as 


- well:as at tertiary levels, does enough to make students 


aware of the importance of less-glamorous industry to our 
survival as a trading nation; whether there are important 


- environmental, ‘public-interest’ and health-and-safety issues 


which ought to be raised in any discussion on industrial 
improvement; whether there is a ‘rational’ level at which 
Britain should spend on R & D. 

ACARD have made a useful modest step forward in con- 
fronting the question of industrial innovation. It is to be 
hoped that they will riot regard the job as finished. О 


H 
Science has a word for It: We recently asked for examples 
of words or phrases from the world of science that could be 
given a much wider currency. Some outrageous examples 
from Stonybrook 
came a memorandum describing the university as a ‘multi- 
ethnic and bi-sexual community’; from NASA came ‘inhibit 


-time advance’ as am instruction to stop a computer pro- 


gramme, and ‘versatilify’. But the prize of £10 goes to 
Donald Higby, of Roswell Park Memorlal Institute, Buffalo, 
for a string of terms from cancer medicine including 


‘metastasize’ as in ‘I will have to metastasize to the con- 


ference’ and’ ‘dose-limiting toxicity’ in ‘I’ve reached the 
dose-limiting toxicity in my relation with Dr X’. 
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Italian Commission 


Italy's official report on the Séveso accident leaves out some 
important information, writes Alastair Hay 


THE 412 page Italian Parliamentary 
Commission Report on the accident at 
Séveso in Italy in July 1976—an acci- 
dent in which  tetrachlorodibenzo- 
dioxin (dioxin) from ICMESA's tri- 
chlorophenol reactor was discharged 
over a populated area—should have 
been the definitive report on the 
episode. But documents in Nature's 
possession indicate that the claims of 
Givaudan—a subsidiary of F. Hoff- 
mann la Roche and the owner of 
the reactor—are more accurate than 
those of the commission's report. 

The bitter and continuing dis- 
agreement centres on the sequence of 
events between 10 July 1976, when the 
Séveso accident occurred and 24 july 
when evacuation of the dioxin- 
contaminated area was ordered. 
Givaudan claims that it was responsible 
for urging the authorities to evacuate 
the area. But the commission's report 
assigns a far more important role to 
Italian scientists in recognising the 
danger. Another report however, that 
of the Lombardy Regional Government 
supports Givaudan's claims and in- 
dicates that the Italian Parliamentary 
Commission omitted some vital evi- 
dence in its report. 

Few would disagree that the two- 
week delay in ordering the evacuation 
of residents may have had serious con- 
sequences for health. The Italian auth- 
orities claim that the delay was the 
result of a lack of information on the 
extent of the dioxin contamination. 
According to the Parliamentary Com- 
mission report it was not until the 
evening of 23/24 July that "positive 
evidence of the presence" of dioxin 
was obtained from the results of 
analyses performed by the Italian 
laboratories—the Superior Health In- 
stitute in Rome and the Provincial 
Laboratory of Hygiene and Pro- 
phylaxis (PLHP) in Milan. 

The full version of the commission’s 
report—only recently made available 
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to interested parties—differs sub- 
stantially from the summary made 
available to the press by the Italian 
authorities when the report was 
presented to the Italian Parliament in 
June 1978, The press version implies 
that the Italian laboratories found 
dioxin and that their results were used 
as the basis for ordering the evacuation. 

The account in the full report, how- 
ever, says that two Italian scientists, 
Drs Ghetti and Cavalloro, flew to 
Givaudan's laboratory at Dubendorf, 
near Zurich on 19 July and there 
received confirmation that dioxin had 
been discharged into the atmosphere 
at Séveso. They immediately returned 
to Italy and duly informed the various 
authorities. Meetings were held in the 
days following, and arrangements made 
for monitoring the situation. It was 
not until a meeting on 24 July, under 
the chairmanship of the Health 
Assessor Dr Rivolta, that the evacua- 
tion was ordered. The Italian laboratory 
results were presented at the meeting, 
says the report. and confirmed by the 
Givaudan representative, Dr Vaterlaus 

However, neither the commission 
nor the press release versions are sup- 
ported by official reports of the Health 
Assessors Council (HAC) of the 
Regional Board of the Lombardy 
Region, One controversial issue is the 
question of whether the ICMESA 
management notified the appropriate 
authorities about the accident and its 
potential seriousness on 10 July. The 
main HAC report says that it did. All 
reports confirm that it was the 15 
July when the first order was posted 
by the local mayor to warn the popula- 





tion about the contamination and 
banning the "consumption of fruit and 
vegetable products" grown іп the 


vicinity of the factory, 

On 18 July, says the HAC report 
Dr Cavalloro, Director of the PLHP 
in Milan, suspected the presence of 
dioxin in the discharge from the 


covered up Séveso delays 


reactor. His suspicion was confirmed 
by ICMESA although the parent com- 
pany. Givaudan, says the report, "does 
not admit that there is dioxin; it allows 
this to be understood". Under the entry 
for 20 July, the HAC report says that 
on the previous evening Drs Cavalloro 
and Ghetti, during their visit to 
Givaudan's research laboratories out- 
side Zurich, received confirmation from 
the company of the "qualitative pre- 
sence of TCDD [dioxin] outside the 
factory”, Nature also possesses the data 
that Givaudan claims was provided to 
both scientists. It consists of a map 
outlining an area of dioxin contamina- 
tion, based on the results of analyses 
of some 36 environmental samples 
For the next two days, the 21 and 
22 July, both the Parliamentary Com- 
mission and Lombardy Region reports 
are in agreement, However, on the 23 
July they differ substantially. The 
HAC report assigns a greater involve- 
ment to Givaudan and Roche in the 
Lombardy Regional | Government's 
deliberations than does the com- 
mission’s report. It says that on 23 
July a representative of Roche arrived 
at an extraordinary meeting of the 
Provincial Health Council in Milan 
where various Italian scientists with 


an interest in Séveso were considering 





Child exposed to dioxin 
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the measures to be adopted and was 
forbidden to speak. Later that day at 
another meeting—of the local ad- 
ministrators of the Séveso region—the 
representative, Dr Guiseppi Reggiani, 
Director 
Roche, stressed to the Health Asessor, 
Dr Rivolta, the necessity and urgency 
of evacuating the population at Séveso 
exposed to the highest concentrations 
of dioxin. Rivolta asked him to put his 
concern in writing. The report says 
that this request was complied with on 
24 July in a ‘letter (signed by 
Givaudan’s president, Dr Guy 
Waldwogel) At the same time, the 
report adds, a map of the polluted 
area was handed over, with the first 
quantitative data on the pollution 
released by Givaudan. The map con- 
tained the results of analyses of 44 
environmental samples The Lombardy 
Region report suggests therefore, that 
Givaudan and Roche played a far 
larger role in documenting the pollu- 
tion at Séveso than the Parliamentary 
Commission’ gives them credit for. 

On the 19 July however, Givaudan 
claims that the two Italian scientists 
Ghetti and Cavalloro, who visited the 
company’s laboratory near Zurich, 
received most of this data—albeit from 
some 36 environmental samples. If this 
is true why does the Parliamentary 
Commission report not mention it? 
(Nature has ascertained that this in- 
formation wes presented to the com- 
mission during a six hour meeting) 
and why had the Italian authorities 
not even considered an evacuation by 
23 July when they knew of the dioxin 
contamination on 20 July? 

The Parliamentary Commission 
report admits that the laboratory 
facilities and expertise required to 
assess dioxin contamination at Séveso 
were not available in Italy. This is one 
‘reason why Ghetti and Cavalloro were 
provided with the necessary dioxin 
standards when they visited Givaudan 
on 19 July. Dr Cavalloro declined to 
tell Nature the number of measure- 
ments his laboratory had made between 
20 July and 11.00 p.m. on 23 July. 
'Asked about the differences between 
the reports of the Parliamentary Com- 
mission: and Lombardy Region he felt 
he was not competent to answer and 
that as it was a political question it 
should be directed to the Lombardy 
Regional Government, He and his 
colleagues, he said, were “only 
technicians” 


Signor Cesare Golfari, President of 
the Lombardy Regional Government 
' told Nature that he thought the Parlia- 
mentary Commission Report was “good 
for the Regional Government". In his 
opinion, it gave an adequate account 
of events at Séveso. Roche, too, wel- 
comes the overall objectivity of the 
commission’s report—the commission 
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of Clinical Research for’ 


was  eqaully scathing of Roche, 
Givaudan and many of the Italian 


authoriies. A spokesman for Roche, 


however, described the commission’s 
report as telling a "twisted tale".- He 
said that he "certainly" knew that 


' the commission's charge that Givaudan 
‘had not informed’ its workers at 


ICMESA about the hazards of dioxin 


was truc. He also said that all but 6 ог. 
,8 of some 6,000 civil 


claims for 
damages against ‘Roche had been 
settled and conceded that the lawyers 
had recommended prompt settlement 
of claims to avoid a higher bill if the 
criminal court case went -against the 
company. 

The criminal prosecution is in the 
hands of the Italian Judiciary. The 
court will consider whether or not 
Givaudan was negligent in ks main- 
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tenance of the trichlorophenol reactor 
at Séveso, and whether it could have 
informed people. more quickly after the 
accident of the danger they faced. The 
hearing is:unkkely to take place for 
some time however, for the judge 
originally appointed to deal with the 
case has recently been promoted and 
his successor will need some time to 
familiarise himself with the background 
to the case. 

- Until the court hearings are avail- 


‘able, the} Parliamentary Commission 


report will remain the most com- 
prehensive appraisal of the accident at 
Séveso. Britain’s Health and Safety 
Executive (HSB), is to have the docu- 
ment translated, When that is available 
much of what happened at Séveso will 
be available for public scrutiny outside 
Italy. а 


Genetic manipulation: Britain 
may exempt “self-cloning” 


Britain's Genetic Manipulation 
Advisory Group will meet this week to 
reconsider issues which have been 
bothering the group for some time— 
particularly the definition of genetic 
manipulation and whether it should 
include *'self-cloning" experiments. 

. These are experiments In which the 
genes of a bacterium are cloned within 
the bacterium itself—such as E. coli 
within E. coli—which are already 
exempted from control under the 
revised US National Institutes of 


‘Health guidelines. 


GMAG has been under considerable 
pressure from  bacteriologists—and 
lately the Royal Society (see Nature, 
15 February, page 509)—to relax its 
control of such experiments, which 
form a substantial proportion of 
potential recombinant DNA research; 
and now it appears to be responding. 
Even if GMAG decides in favour of a 
strict definition of recombinant: DNA 
experiments which includes self- 
cloning, it is felt that it will move to 
exempt the experiments from 
categorisation. 

At its last meeting GMAG decided 
"in principle" to adopt the new risk 
assessment scheme devised by Sydney 
Brenner—but only for a trial period 
of about one year. Four proposals for 
experiments have already been received 
for consideration by risk assessment, 
including one application for down- 
grading, and two: have already been 
assessed. In these cases the categorisa- 
tion was the same as it would have been 
under the phylogenetic Williams guide- 
lines, so there was no conflict, but 
members of GMAG are known to be 
worried about cases where there is 


disagreement. It is felt that much is 
yet to be learned about real risk 
factors, and that much more research 
on them needs to be undertaken before 
risk assessment can be firmly 
established. 

Meanwhile the “technical panel"— 
which wil make the assessments and 
advise the Medical Research Counci! 
and Health and Safety Executive on 
risk research that needs to be under- 


'taken—is being established under the 


chairmanship of Professor Peter 
Walker of the University of Edinburgh, 
a man who has been not uncritical of 
excessive control of recombinant DNA 
research. 

The technical panel will have some 
nine "core" members, including repre- 
sentatives of GMAG and outside 
experts, and will also co-opt special 
expertise when necessary. 

This week's meeting of GMAG will 
be a particularly interesting one for it 
may be the first at which the deeper 
views of its seven new members (out 
of a total of 19) will be tested. The 
last meeting was concerned with a 
detailed discussion of the risk assess- 
ment scheme, and like many of the 
regular GMAG meetings it failed to 
address—or at least reach decisions on 
-——certain matters of principle such as 
the basic definition of its area of com- 
petence. Hence this week's extra- 
ordinary meeting, called specifically to 
address these questions. 

If the meeting reaches its conclusions 
rapidly GMAG will publish a short 
document for researchers outlining its 
new policy. A full note will be issued 
in due course. 


Robert Walgate 
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MPs accuse health officials of unconcern over 


risks and benefits of DNA research 


Ввїтїзн members of Parliament last 
week accused officials of the Depart- 
ment of Health and Social Security of 
displaying an "active disinterest” (sic) 
in the possible health risks of research 
involving the use of recombinant DNA 
techniques. 

In particular, the MPs expressed con- 
cern that a non-specialist assessor who 
sits on the Genetic Manipulation 
Advisory Group on behalf of the DHSS 
should represent the UK on an ad hoc 
group of experts which has drawn up 
a draft directive on the regulation of 
genetic manipulation experiments for 
the European Economic Commission. 

These concerns were voiced at a 
meeting last week of a subcommittee 
of the House of Common Select Com- 
mittee on Science and Technology 
which is currently holding a series of 
public meetings on genetic engineering 
in the UK. 

Mr С. M. Regan, under-secretary 
responsible for public and environ- 
mental health at the DHSS, told the 
MPs that because recombinant DNA 
techniques essentially involved research 
processes, their safety was a matter for 
the Department of Education and 
Science and the Health and Safety 
Executive rather than DHSS. Although 


Forest destruction 
must be halted, 
says report 


THe Earth's forests are now decreasing 
in size annually by at least 11 million 
hectares—the area of  Bulgaria— 
according to the latest Worldwatch 
report. It warns that man’s destruction 
of tropical forests “is taking an enor- 
mous economic and environmental 
toll”. 

The study’s author. Erik Eckholm, 
points out that the "fundamental im- 
portance of forests to human well- 
being" is generally ignored by those 
who analyse the basic needs of the 
world's poor to reduce the forest 
deprivation now suffered by many". 
(The Worldwatch Institute is doing its 
best to cure the blindness the very 
first Worldwatch paper was Eckholm's 
"The Other Energy Crisis: Firewood'.) 

Information about the extent and 
condition of the world's forests is re- 
markably scanty, government statistics 
are frequently inaccurate and "some- 
times doctored outright", the report 
says. But Eckholm estimates that 
approximately 20%, of the Earth's land 
is now covered by dense forest —that is 
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DHSS had an assessor on GMAG, the 
public health aspects of possible hazards 
was therefore “not a matter which falls 
to us directly”. 

The MPs accused the DHSS officials 
of taking an unimaginative approach, 
both to their responsibilities for pro- 
tecting the public from unpredictable 
hazards of the research, and to the pos- 
sibilities that the research promised for 
the production of drugs such as insulin. 

Mr Ted Leadbitter, who had last 
week accused DES officials of using 
“under-secretary language" in giving 
evasive replies to the members’ 
questions, referred to the memorandum 
submitted to the subcommittee by the 
DHSS as a “pathetic document" re- 
vealing what he called an "active dis- 
interest" in the matters under review. 

Mr Leadbitter's wrath descended in 
particular on Dr T. J. B. Geffen, a 
senior principal medical officer at 
DHSS who represents the department 
on GMAG, but who told the committee 
that he has no particular experience or 
training in the techniques being dis- 
cussed, and that his role was essentially 
that of providing a channel of com- 
munication between the department 
and GMAG. 


Dr. Geffen. who was a hospital 





about half of the area that would be 


forested in the absence of man. 
Another 10%, of land is "open wood- 
land". 

The forest area of North America 
and Europe is roughly stable. Almost 
all the loss is occurring in the humid 
tropical forests of Latin America, Asia 
and Africa, where Eckholm says the 
crude deforestation figures greatly 
underestimate the | damage because 
“they reflect neither the massive de- 
gradation of timber and other biologi- 
cal resources occurring within many 
still-standing forests nor the severe 
depletion of open woodland and 
countryside vegetation that currently 
blights most third world countries”. 

The three principal causes of de- 
forestation are. in order of importance. 
the unplanned spread of agriculture. 


physician before joining the DHSS, 
told the MPs that he did not feel this 
role required any particular expertise, 
and that he felt there was no need for 
the DHSS to employ anyone with such 
experience since advice on technical 
matters relating to advances in DNA 
research could be obtained from 
consultants, 

Given Dr Geffen's "relatively small" 
contribution to GMAG, the MPs there- 
fore wanted to know why he had been 
chosen to represent the UK on an 
expert committee which had prepared 
draft directives on genetic manipulation 
for the EEC, They were not satisfied 
with the answer that the word "expert" 
in such a context meant someone with 
broad experience in the matter under 
discussion. 

Mr. Arthur Palmer, chairman of the 
select committee, said that he felt the 
DHSS was taking a negative approach 
to the question of both the risks and 
the benefits of recombinant DNA re- 
search, and that the committee would 
try to put questions to Mr David 
Ennals, Secretary of State for Health, 
"to see if this policy of detachment is 
the best опе”. 


David Dickson 


firewood collection for cooking. and 
indiscriminate timber harvesting. Tree 
planting makes up only a small fraction 
of the loss. 

"As a result the real prices of wood 
and wood products are likely to rise 
substantially over the coming de- 
cades . . ,", Eckholm writes. "Mean- 
while the continued loss of forests will 
accentuate the environmental costs of 
denudation already apparent in many 
countries—erosion, desertification, sil- 
tation, flooding and the extinction of 
species.” And, he adds, deforestation 
may rival fossil-fuel burning as a 
source of atmospheric acrbon dioxide. 

Although evidence for the economic 
consequences of deforestation is ex- 
tremely scarce, Eckholm argues that it 
has been a major driving force behind 
the past decade's worldwide inflation. 
The price of wood has been rising in 
real terms by 4% a year during the 
1970's, he estimates--and the increases 
have been most severe in the third 
world. 

"A simple board costs twice as much 


in Pakistan as in the United States 
though the income of the average 
American is 46 times that of the 


average Pakistani". Eckholm reported. 
Families in some West African cities 
spend i of their income on firewood. 
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But the study concludes on an opti- 
mistic note. International aid agencies 
and politicians in developing countries 
are becoming more aware of the need 
to protect and manage forests, And the 
dismal record of tree planting in the 
third world—millions of young trees 
uprooted or nibbled to death by live- 
stock—is showing signs of improve- 
ment in places where the "community 
forestry" approach is adopted. This 


means giving villagers the means to 
meet their own requirements and pro- 
tect their own growing trees, Eckholm 
says, rather than imposing planting pro- 
grammes in which they have no say— 
as has happened too often in the past. 

The astonishing success of forestry 
in post-revolutionary China is the best 
known example of this philosophy. 
But Eckholm says the “success story of 
the 1970's" is South Korea. There а 


A day i in the life of Yurii Orlov 





A jailed dissident is keeping 
up his scientific work in a 
Soviet labour camp. 

Vera Rich reports 


Yurii Orlov, founder-member of the 


Moscow Helsinki monitoring group, 
was arrested two years ago this month. 
Unlike Academician Andrei Sakharov, 
who has virtually given up scientific 
work to devote himself to human 
rights, Dr Orlov, until the moment of 
his arrest, considered himself a 
scientist. Indeed, his letters from 
prison (which reached Nature recently) 
indicate that he is still attempting to 
pursue his research. 

Until his trial last May, Orlov was 
held incommunicado. After his trial he 
was permitted to write the usual two 
letters per month, and immediately 
began to request writing materials and 
scientific texts. "I'd like to have 
Landau’s quantum mechanics", he 
wrote to his wife in July, “it’s lying on 
the shelf”. 

In the same letter he reports on his 
work in progress. “т constantly doing 
scientific calculations. As you 
know, Pve already completely finished 
one paper on logic, when I’ve copied it 
out, I shall send it officially to the 
Landau Institute of Theoretical 
Physics, to the Director.” 

However, two papers written during 
his pre-trial confinement had been 
confiscated. The next letter suggests, 
obliquely, that he was contemplating a 
hunger-strike if they were not returned. 

Three weeks later, he was still 
anxious about the fate of these papers, 
and further perturbed that his paper 
on logic had not reached the director 
of the Landau Institute. But a long 
postscript to be passed on to his 
scientific friends outlined his latest 


0028--0836/79/0277—0591$01.00 


train of thought. “While 1 was in 
quarantine, I did a small calculation 
for myself. 1 considered whether it 
was possible, by passing a beam of 
light along a wave-guide (i.e. with total 
internal reflection), to obtain beyond 
the limits of the wave-guide, in vacuo, 
an electromagnetic wave extended to a 
fairly great distance." 

But the conditions for such quiet 
scientific reflection had already come 
to an end. In mid-August, Orlov had 
been transferred to а  labour-camp 
where he found himself doing heavy 
physical work at an altitude of more 
than 1,000m which left him com- 
pletely incapable of апу serious 
scientific activity. 

By mid-October, when he had moved 
to another camp, No. 37, his letters 
once again show interest in scientific 
matters. One letter deals almost 
entirely with problems of cybernetics 
and his concept of "wave logic". There 
are interesting references to past dis- 
cussions with Gol’fand, Rozenshtein— 
presumably within the framework of 
the refusniks’ “Sunday seminars" of 
which Orlov was one of the few non- 
Jewish members. 

But his conditions of work were still 
those of hard labour. "I'm working in 
the plant all week now. I had a choice: 
cutter or turner. The cutting shop 
makes a great deal of noise; in the 
turning shop you have to keep spinning 


around. I chose the turning shop. 
Pm still a learner: how it is possible 
to fulfil one’s norm, I still can't 
imagine... ." 


Yurii Orlov has seven years to serve 
in the labour camp, plus five years 
"internal exile". The avowed purpose 
of work in a labour camp is rehabilita- 
tion through service to the community. 
In almost every respect, conditions for 
political prisoners have improved con- 
siderably in the 25 years since Stalin's 
death. The one exception is that of 
scientists. As Orlov's friend, who for- 
warded the letters to Nature pointed 
out “In Stalin’s time, scientist- 
prisoners did research in special prison 
laboratories — Solzhenitsyn's First 
Circle. They didn't have to waste their 
talents in physical labour, as Orlov 
does". g 
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strong national commitment, com- 
bined with new village-level forestry 
associations, has covered one-third of 
the country with trees in the past 
decade and nearly solved an acute fire- 
wood crisis. 





Worldwatch Paper 26, 'Planting for the 
Future: Forestry for Human Needs’, is 
published by the Worldwatch Institute, 
Washington DC, at $2. 


Soviets seek US 
collaboration over 
biosatellite 


Soviet space biologists have invited 
their US oppesite numbers to take 
part in the experimental programme 
for the next Soviet — bio-satellite 
scheduled for the end of 1979. 

This proposed venture was announced 
by Dr Nikola Gurovskii, a leading 
member of the Soviet team shortly 
before a new agreement was signed 
extending cooperation between the 
Academies of the two countries. Much 
of the agreement dealt with details of 
exchange visits (up to 100 person- 
months per year) and research visits 
(16 from each side per year of from 
3 to 12 person-month). However, there 
was also a general acceptance of the 
desirability of using the new agreement 
to place greater emphasis on coopera- 
tive activities, dealing with important 
scientific problems—a slot which would 
neatly take in the bio-satellite. 

Dr Gurovskii said that this satellite 
would include 13 joint experiments. 
For the first time, the effect of weight- 
lessness on mammals (rats) and birds 
(quails) would be investigated. There 
would be further investigations of the 


physiological effects of space-flight, 
and also tests on a new  "anti- 
radiation" medicine, using dosimeters 


manufactured in the US, 

These latter aspects are of particular 
interest to Soviet space medicine, ac- 
cording to a recent article in Pravda 
by Dr Avetik Burnazyan. He stated 
that the decisive factor limiting space- 
flights is no longer a technical one, but 
the ability of the organism to re-adapt 
to Earth conditions. 

The proposed :oint biosatellite pro- 
gramme will not be the first time there 
has been such cooperation; similar 
though less ambitious joint  pro- 
grammes were carried out on the 
Kosmos-782 and .936 satellites. 

In Dr Gurovskii’s opinion, however, 
the extension of such cooperation is of 
major importance It is becoming ever 
more difficult, he said, io develop 
science in a "narrow national frame- 
work". For “truly outstanding results", 
international cooperation is essential. 

Vera Rich 
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news in brief 


Unions refuse to enter plutonium areas at Aldermaston: 
Management at the UK weapons research plant at Alder- 
maston has tried unsuccessfully to reopen work areas that 
have been closed since last August when 12 workers were 
found with excessive plutonium in their lungs. According 
to a spokesman from the Ministry of Defence the buildings 
are open in the active areas but restaffing of the buildings 
"has not been achieved". The MOD savs that the issue 
under negotiation is danger pay but that it would be 
"inappropriate to disclose the details". According to the 
Observer (18 February) the unions are demanding £10 
per day and management is offering 13p per hr. Bob King, 
shop steward of the Transport and General Workers Union 
at Aldermaston, the largest of the four unions involved, 
says the issue is not danger pay. "We've never said that. 
It's a term adopted by the newspapers." The TGWU is 
demanding that the area be made safe before they will 
allow their members to work in it. The unions will rely 
on health specialists in their national offices as well as local 
staff experience to insure that reasonable safety standards 
are met. 





KGB clamps down on Sunday seminar: Reports from 
Moscow indicate new KGB pressure against the Sunday 
scientific seminar for refusniks. It is feared that the 
authorities may be trying to stamp out the seminar 
altogether—perhaps before the Einstein centenary nest 
month focuses attention. on the Jewish contribution to 
science. 

A criminal file, No. 41035/38-75, has been opened on 
Viktor Brailovskii, the seminar leader, and a certain 
Avram  Yoffe, from Leningrad. One of the people 
questioned in connection with this file was told by the 
interrogators that charges were being formulated and a 
trial could be expected "quite soon". One disturbing fact 
is that the investigations have been extended to the non- 
refusniks who have been attending the seminar. 


Budget cuts threaten London medical schools: Lord 
Annan, Vice Chancellor of London University has set up 
a working party to investigate the financial viability of the 
University's 12 general medical schools, five dental schools 
and 13 postgraduate teaching and research institutes. 
Chaired by Sir Brian Flowers, Rector of Imperial College, 
the working party is to investigate the effects of further 
reductions in funds to the university and will prepare plans 
for the closing of specific schools if it finds this necessary. 
The action was taken after the Joint Medical Advisory 
Committee heard numerous complaints that budget cuts 
were impairing the quality of training. The university trains 
309; of British doctors. In 1977/1978 8,250 medical and 
dental students were enrolled, of which 6,700 were under- 
graduates and 1,550 were postgraduates. 


UK to build amateur spacecraft: 
Amateur radio enthusiasts at the 
University of Surrey are to build the 
UK's first amateur spacecraft—a 
satellite carrying a series of high 
frequency beacons which will be 
used by radio amateurs to study the 
effects of the ionosphere on radio- 
wave propagation. It is to be built 
in close collaboration with the 
international Amateur Satellite Cor- 
poration (AMSAT), the Amateur 
Satellite Organisation of the UK 
(AMSAT-UK) and the Radio 
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Society of Great Britain. At an estimated cost of £150,000, 
the satellite should take two years to build. It is expected 
to be launched early in 1981 into a polar orbit at a height 
of 900km. As all of AMSAT's previous eight amateur 
satellites have been launched by NASA, it is likely that 
NASA will be approached to launch this one too. The 
one exception, however, is the German-built AMSAT 
satellite which is due for launch by Ariane. 


Swiss nuclear safety referendum result: Strict nuclear reactor 
controls (Nature 15 February, page 508) were rejected by 
the Swiss electorate on 18 February by a vote of 265,271 
to 919,217. Nine cantons voted for the referendum and 13 
against it. The 49% vote in favour is considered to be a 
surprisingly good result for the nuclear opposition since 
the nuclear industry spent 20 million francs on its cam- 
paign. So says André Froidevaux, of the National Co- 
ordinating Committee of Swiss Anti-Nuclear Organisations: 
“the nuclear lobby successfully exploited working class 
fears that jobs would be lost if the referendum passed”. 

An alternative law has been put through parliament. But 
the anti-nuclear movement has gathered 50,000 signatures 
to force another national vote on this law on 20 May. The 
new law gives parliament the right to veto new power 
stations and requires the need for a Station to be 
documented. There is also a provision giving parliament the 
right to expropriate land for nuclear waste disposal. This 
law will be opposed by the National Coordinating Com- 
mittee on the grounds that it offers virtually no effective 
controls to reactor development. 


Cambridge designers plan low energy homes: A new design 
of terrace houses that will cut heating costs by 75% from 
£120/yr to £30/yr has been proposed by the Cambridge 
based firm, Ambient Energy Design. Their plan, which 
received first prize at the Energy Show now underway in 
Birmingham, makes use of better cavity insulation, double 
glazing units with infrared reflecting film between the 
panes, roll shades for night time insulation, and а con- 
servatory which will trap solar heat. Gerald Foley of the 
International Institute for Environment and Development 
calls the savings "impressive". According to Foley. 30%, of 
primary energy in the UK goes to housing of which two- 
thirds is for space heating. Thus a cut in heating require- 
ments of 73'5, means a savings of 15% in the overall energy 
budget. Members of AED are convinced that low energy 
consumption represented by the above measures 15 
"economic and realistic and will become commonplace.” 

Ambient Energy Design—House Heating for the 1980s, 
6 Apthorpe Street, Cambridge CBI SEY, £1.50. 


Third World think tank proposed: S. S. Ramphal, 
Commonwealth Secretary-General has proposed to the 
South-North Symposium held in Tanzania last December 
that a. Geneva-based research organisation be created to 
back up a Third World secretariat that сап be com- 
petitive with existing organisational alliances of the 
developed world. In 1977 there were over 2.000 meeting 
days for UNCTAD alone and only 56 of 117 members of 
the Group of 77 developing countries had missions there. 
In comparison, organisations like OECD, EEC, and NATO 
exist to provide cohesion amongst the developed countries. 
Ramphal proposes that an OECDC, Organisation for 
Economic Cooperation among Developing Countries, be 
formed. The OECDC will "of necessity. be technocratic 
and multinational". Technological improvements in data 
storage, retrieval and information processing are necessary 
for the South to negotiate successfully with the North. 
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US report fails to bridge gap with Third World 


The US inp uA. paper for the UNCSTD conference in 
di 


August is a 


The long-awaited US National Paper 
for the UN Conference on Science and 
Technology for Development has made 
its appearance more than five months 
after the UN deadline for submission 
of national papers. It is strong on 
diagnosis, but woefully weak on 
remedies for the economic and social 
ills of developing countries which are 
identified in the paper; and unless the 
US is markedly more forthcoming at 
Vienna, this document will slip into 
the oblivion of history as yet another 
contribution toward the widening gap 
between profession and performance 
by industrialised countries toward the 
Third World. 

Let us start with what is right in the 
report. There is recognition that the 
transfer of proprietary industrial tech- 
nology has sometimes had a polarising 
impact on Third World economies; and 
that the deals struck by multinational 
corporations may not have always been 
fair to developing countries. Indeed 
the US paper urges that steps be taken 
to strengthen the negotiating skills of 
Third World countries on the grounds 
that more equitable bargains are likely 
to be more durable. 

And the US report rightly recognises 
the failure of development strategies 
seeking solely to maximise growth. 
(Though its assertion that "the ‘trickle 
down' strategy is now dead" taxes the 
indulgence of many observers.) 

There is even recognition of the vital 
importance of building a strong science 
base in the Third World and an 
acknowledgement that most develop- 
ment assistance, focussed on short-term 
projects with immediate impact, ''did 
not alter developing countries’ con- 
tinuing dependence on the initiatives 
of the scientific centres of the Northern 
Hemisphere”. In a similar vein the 
report recognises “the need for 
developing countries to establish their 
own policy framework and to set their 
own priorities”, although the report 
freely indulges in the imperialism of 
social priorities by repeatedly asserting 
the primacy in US development assis- 
tance of meeting basic human needs. 

But the outstanding omission in the 
report 4s its failure to reflect the 
ambivalence of US policy toward the 
Third World. : 

In view of the lacklustre and self- 
serving character of most (but not all) 
of the other industrialised country 
аа 


Ward Morehéuse is president of the 
Council of? Ynternational and Public 
Affairs, and «teaches at Columbia Univer- 
sity. 
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sappointing document, writes Ward Morehouse 


national papers for UNCSTD, search- 
ing political self-analysis may be too 
much to expect. But the promising 
effort to analyse the economic and 
social shortcomings of US science and 
technology and other development 
policies stands in sharp contrast to the 
lack of political analysis. 

While the US and other indus- 
trialised countries would no doubt like 
to see the wor forms of human 
poverty eradicated and а “‘self-generat- 
ing” process of equitable economic 
growth accelerated in the Third World 
in the hope of reducing the possibility 
of overt and violent conflict between 
North and South, they are also in- 
terested in maintaining or extending 
political and economic dominance in 
the international system. 

This dominance will give them an 
assurance of continued access to export 
markets and raw materials in develop- 
ing countries, thereby helping to 
retain and enhance their relatively 
affluent livmg standards. And as other 
forms of economic and military power 
decline, technology is becoming an in- 
creasingly attractive and potent in- 
strument for maintaining that domin- 
ance. President Carters National 
Security Adviser, Zbigniew Brzezinski, 
has said that "the emergence of more 
advanced Third World countries like 
Brazil and Korea as new centres of 
rapid industrial growth means that the 
older industrial countries have to rely 
increasingly оп technological in- 
novation to maintain their place in the 
world." А 

Therefore it is hardly surprising that 
the US paper makes no direct reference 
to Third World efforts to change the 
rules of the game—for example, the 
proposed code of conduct on transfer 
of technology ' being negotiatied in 
UNCTAD or the forthcoming con- 
ference to consider revision in the Paris 
Convention on patents. 

The report even asserts that "the 
US Government has been generally 
neutral toward commercial transactions 
of US private firms" ignoring the 
strong political support in international 
negotiations the government gives to 
positions which seek to maintain the 
Status quo in international technology 
and investment flows and which serve 
well the interests of US multinationals 
Only the scantest reference is given to 
the powerful influence which US tax, 
investment, tariff and trade policies 
have on these flows. 

Likewise the report gives little re- 
cognition to powerful domestic political 
and economic interests which shape 


US development and trade policy to- 
ward the Third World—as in the at- 
tempt by adversely affected US pro- 
ducers of vegetable oil and other 
products to prohibit use of US con- 
tributions to the World Bank and other 
multilateral Япапсіа] institutions for 
projects designed to increase output of 
these. products in developing countries, 

The centrepiece of the US response 
to these problems їз the proposed 
Foundation for International Tech- 
nological Cooperation, although it is 
well known in Washington that the 
Foundation faces stiff opposition to its 
creation in Congress and even within 
the Executive Branch and may never 
come into being, let alone with the 
degree of autonomy and magnitude of 
resources to make a real difference in 
overcoming the failures of past policy 
and performance. All in all, it is pretty 
mild therapy for such a serious set of 
maladies as identified elsewhere in the 
US national paper. 

The greatest defect of all in the US 
paper is a failure to recognise that the 
industrialised countries, and the science 
and technology on which those coun- 
tries have a near monopoly, are as 
much a part of the problem as they are 
of the solution to the ills of the Third 
World. The insatiable demand for con- 
sumer goods by the rich minority of 
the world’s population has generated 
technologies which are displacing mil- 
lions of previously independent farmers 
and artisans in the Third World from 
their livelihood. 

In the words of the Poona 
statement calling for open debate at 
UNCSTD on science, technology and 
the human condition in the modern 
world: “They would be players in the 
theatre of the absurd if they did not 
occupy positions of power and in- 
fluence in the real world of today. 
Humanity must regain its sanity by 
reasserting the mature of scientific in- 
quiry as the pursuit of truth, leading 
to technologies which liberate the many 
rather than facilitate control by the 
few." 1 
S last week, President Carter an- 
nounced the expected reorganisation 
of the US foreign aid programme. A 
new International Development Co- 
operation Administration (IDCA) will 
administer 2.7 billion dollars of non- 
military assistance programmes cur- 
rently controlled by the Agency for 
International Development. IDCA will 
include the proposed Foundation for 
International Technological Co- 


operation (Nature, 25 January) but 


will be only semi-independent. The 
State Department and the Treasury 
will retain ultimate control of any 
major policy decisions. Г1 
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9 PETER TAYLOR explains why 
he feels that risk assessment is 
inadequately incorporated into 
democratic decision making in the 
UK. 


Tue debate over the safety of nuclear 
reactors illustrates a general problem 
of dealing with the impact of a tech- 
nology. namely that the issues are 
assumed to be primarily ‘scientific’ and 
‘technical’. and thus to be the exclusive 
field of ‘experts’. Where procedures 
have heen set up to make energy policy 
decisions or recommendations in the 
light of this controversy--as at the 
Windscale public inquiry—expert wit- 
nesses have held the arena and a judge 
appointed to sort out the "facts" and 
the "truth", At Windscale all witnesses 
were sworn to "tell the truth, the whole 
truth, and nothing but the truth". But. 
as Dr Brian Wynne, who gave evidence 
at the inquiry, said later: "You can 
expect a scientist to tell the truth, and 
nothing but the truth, but not the 
whole truth." 

At the inquiry, Wynne had set out to 
show how the nuclear controversy dif- 
fered from true scientific debate. The 
guarantor of truth in science. he 
argued, was pluralism in research. 
availability of information and open 
critical debate: but the nuclear debate 
was clouded with secrecy in crucial 
areas, and critics had totally inadequate 
resources to match proponents. [n 
safety assessment, for example. there 
was only one body of facts according 
to one set of assumptions. Further- 
more, scientists within the nuclear in- 
stitutions. who might wish to dissent. 
were rigidly controlled by management 
and by the Official Secrets Act. 

The possibility of a major escape of 
radioactive particles, however much it 
may now be dubbed incredible by the 
operators, has influenced siting policy. 
The early Magnox reactors were all 
built well away from conurbations. 
Then, in the late 19605, pressure 
mounted to site new reactors near load 
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centres and a review of siting policy 
took place. The Nuclear Safety Ad- 
visory Committee reported that "the 
major contribution to public safety lies 
in the standards achieved by design. 
construction, and operation of the 
plant". The Ministry of Power then 
reported to Parliament on 6 February. 
1968. that the new advanced gas cooled 
reactor (AGR) could be operated 
“nearer to built up areas than we have 
so far permitted". 

At the time of this policy change. 
the most publicised aspect was the 
inherently safer design of the AGR. 
using pre-stressed concrete for the pres- 
sure vessel and internal boilers. How- 
ever. it was also realised that a large 
release would have a huge impact. 
however remote the siting. How far 
this affected siting policy is not clear. 

This period of nuclear development 
was essentially uncontroversial. Assess- 
ments of risk were carried out within 
the nuclear establishment and accepted 
as adequate by politicians or closed 
working groups. H was during this 
period that risk assessment evolved the 
technique of “probabilistic analysis". 
Reg Farmer, at the United Kingdom 
Atomic Energy Authority. developed it 
as an aid to the designer in deciding 
what degrees of redundancy and con- 
tainment might be reasonable to in- 





corporate. He sought target prob- 
abilities of failure and the con- 
sequences and compared them with 


other industrial hazards. 

The method has its limitations and, 
to his credit. Farmer has been quick to 
caution the nuclear industry for taking 
too much credit for a few hundred 
reactor-years of safety, and for “failing 
to see or adequately have regard to all 
those minor and sometimes major 
features of equipment or of organis- 
ation which might nearly have led to 
disaster". 

Unfortunately this caution has not 
been repeated by some public advocates 
of nuclear expansion, The target prob- 
abilities of Farmers curves of fre- 
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Nuclear Energy: how the odds 
are stacked against its opponents 


E. .—7 

quency against magnitude of effect (in 
deaths) have acquired a reality com- 
parable with the facts of meteorite 
impact, and the frequency of dam 
failures, aircraft crash, and so on. For 
Sir John Hill chairman of the 
UKAEA, such curves "show the prob- 
ability of . . .", and for Sir St John 
Elstub (together with various presidents 
and vice-presidents of certain engineer- 
ing and chemical institutes in a letter 
to The Times) the fact that Professor 
Rasmussen “has calculated? — the 
chances of a severe accident for 100 
power plants at one incident іп 
160.000 years is adequate assurance 
(a conclusion since repudiated by the 
US Nuclear Regulatory Commission). 

The Flowers report served in some 
way fo redress the balance and im- 
troduce critical comment into the 
public arena. The commission noted 
that in probability analysis and at- 
tendant fault-trees not all failures 
could be foreseen nor all components 
ascribed a frequency of failure. They 
concluded: “Whether the safety per- 
formance is achieved in practice will 
depend fo some degree on factors 
assumed in the analvsis, such as the 
quality of maintenance". 

Despite this critical attitude to 
assessment, they were led to conclude 
that estimates of damage following an 
accident "must be presented in prob- 
abilistic terms". But, in our view, 
probabilistic presentation  obfuscates 
rather than illustrates the potential 
effects. A range of incidents under 
specific conditions of wind and 
weather, including the worst of such 
conditions, should be presented, Prob- 
abilities are often meaningless: the 
most that can be said it that the worst 
case is less likely than the others. 

The argument against worst case 
site-specific studies has always been 
that when disasters have occurred, the 
worst has not happened. After the 
Amoco Cadiz we can expect that this is 
not an argument that will be repeated 
for oil slicks. And yet. there is still a 
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reluctance -to` publicise the worst that., 


can happen at Canvey Island or Hinck- 


ley Point. We suspect. that Justice ' 


Parker's attitude prevails: in view of the 
(accepted) probabilities, such studies 
would ‘unnecessarily alarm the public". 

That the public might be alarmed is 
evident when- one considers that 
Flowers’ example of a reactor (AGR) 
accident's consequences, and the 
NRPB/NII Breeder study, both admit 
that, under adverse weather conditions, 
casualties might be ten times worse: in 
the former case 100,000 casualties; in 
the latter 600,000. 

There is a need for publicly MER 
site-specific studies for АСКз алі 
FBRs (fast breeder reactors) that ex- 
plore the whole range of. potential 
accidents and which do not slavishly 
accept the probability calculations of 
the nuclear establishment. In this, 
Britain lags far behind the United 
States and some European neighbours. 
In the US there have been open critical 
reviews of risk assessment, aided by the 
leaking of internal reports, the defec- 
tion -of industry-based scientists, the 
‘existence of the Union of Concerned 
Scientists and the operation of a 
Freedom of Information Bill. There 
has thus been an open reassessment of 
the work of closed expert groups. The 
most forthright report is that of the 
American Physical .Society’s study 
group on Light Water Reactor safety. 

This pattern has been repeated- in 
Sweden, Denmark and Holland, 
Austria and West Germany, often with 
the governments funding critical ex- 
perts. In some cases, ‘dissenting reports 
have been published by the govern- 
ment printer and incorporated into the 
procedures leading up to energy policy 
decisions, Most recently, in West Ger- 
many, a „panel of 20 leading inter- 
national, critical experts has been 
commissioned to review the proposal 
for reprocessing at Gorleben. 

But in the UK, there has been no 
major reassessment of the work of 
closed expert groups, ‘Critics are ex- 
pected to -fund their own safety 
analyses, without research facilities 
and without access to internal -reports 
on which to base assessments. 

Two examples from the work of our 
group may serve to illustrate the need 
for independent assessment. 


9 When the NRPB (National Radio- 
logical Protection Board) fast reactor 
study was published, press comment 
was largely restricted to assertions. of 
probabilities such as 1 : 1m, and of.the 
worst case, being 60,000 casualties. 
Having been, given access, at Justice 
Parker's instzuction, to the UKAEA 
computer:programme, we were able to 
run the. B. calculations (which 
were for ‘anotional site) for a specific 
locality (we chose Kalkar in West Ger- 


many). We discovered that the NRPB 
had chosen not to present their own 
worst calculations—the results of one 
weather category which led to 600,000 
casualties. Our site-specific study, hav- 


ing altered only the population data on · 


the programme, produced over 900,000 
casualties. 


€ Hinckley Point has already suf- 
fered a potentially severe “loss of cool- 
ant" incident. A  pipe-break and 
simultaneous valve failure led to the 
loss of both primary and secondary 
cooling. Dr Franklin of the Nuclear 
Power Company, when asked at 
Oxford recently about the ascribed 
probabilities of these .events, said hè 
thought cooling had been restored 
almost immediately through the use of 
fire-hose fittings. This statement did 
not accord with that of the Energy 
Minister in a written parliamentary 
answer, where we learn that cooling 
was lost for three hours and that fire- 
hose fittings were not ее on that 
mark of AGR. 

The scale of concern may be judged 
from the following extract from the 
proceedings of a Symposium in Vienna 
in 1967: “Cave and Holmes of the 
CEGB gave a probability of failure for 
primary and secondary cooling of 
1: 100,000 per reactor lifetime per 
independent system. Furthermore they 
praised the inherent safety of the AGR 
(over the LWR), in a loss of coolant 
situation, in that the heat capacity of 
the boilers, etc., was’ such that there 
was a period of three to four hours 
before the fuel cans would melt.” 

In the light of this time period, the 
Energy Minister’s comment that there 
was no danger of a release during the 
period of loss of.cooling takes on a 
new meaning. | 

Our concern at this uncritical 
acceptance of safety’ assessment has 
heightened recently with the public 
debate on the risks of different types of 
energy production. The Rasmussen- 
type probabilities have now been fac- 
tored in to nuclear safety statistics. 
Thus one severe accident killing, say, 
10,000 people in so-many-thousand 
years is incorporated into a global 
deaths-per-Gigawatt-year in the same 
manner as mining deaths are fed into 
the coal generating option. This initial 
work .by H. Inhaber of the Atomic 
Energy Board of Canada finds that the 
nuclear option is safer than either coal, 
oil-or solar. Lord Rothschild used this 
study in a televised broadcast on risks 
of energy production. 

But Inhaber’s work assumes reactor 
accident frequencies which may or 
may not be borne out in practice. This 
has, unfortunately not inhibited its use 
in the industry's public relations The 
situation is more disquieting consider- 
ing» that the nuclear establishments 
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bave available to them the fruits of an 
IARA sponsored research programme 
on the comparability of risks which 
clearly highlights the limitations of 
Inhaber's approach, 

The selective. use of the results of 
scientific research, often in an un- 
refereed form, raises important ques- 
tions for the future structure of public 
debate. The problem wil| arise when 
considering the forthcoming FBR in- 
quiry. It is our view thal AGR and 
FBR fault analyses will have to be 
publicly presented and discussed before 
comparison of energy option risks can 
be meaningful. If critical experts are 
to be expected to produce safety 
analyses, then they will have to have 
access to official information, if not 
government support, for their research. 

Finally, there is an area of research 
relevant ,to safety assessment that is 
continually neglected, namely the 
“social facts” relating to the nature of 
the dispute itself, the role of science, 
and of controversy. What groups are 
involved in the debate and what 
benefitsror risks accrue to each (in the 
nature : of contracts, jobs, risk of 
accident or pollution)? How, is risk 
perceived and evaluated within these 
groups.and what are the components of 
attitudes? What correlations are there 
to levels of knowledge of the tech- 
nology? What procedures exist for 
debate, participation and information- 
exchange and how effective have these 
procedures been in the past? 

The controversy itself may bring 


-forth: bitter and unresolvable conflict. 


Once: more we find it disquieting that 
the UKAEA does not choose to pub- 
licise ‘the results of further IAEA work 
in this field. The work of Pahner, 
Novotny, Stallen and Meertens points 
clearly to a realisation that the сой- 
troversy has no resolution that people 
are divided. by a basic evaluatory per- 
ception of technalogy and progress. 
We believe that herein lies a funda- 
mental question. The nuclear issue is 
important as a first testing ground for 
democratic flexibility. The institutions 
of industrial growth and technological 
progress realise that the call by the 
"alternative" camp for openness, re- 
assessment and participation, however 
sincere in itself, exposes aspects of their 
technology which it feels.a lay and mis- 
trusting public may not accept. Thus 
there ,is a retreat into secrecy and, 
paradoxically, a massive public infor- 
mation programme. This in itself 
generates further opposition. We are 
not convinced that the UK government 
realises the full impact of this conflict. 





Peter Taylor is co-director of the Political 
Ecology Research Group. This article is 
based on a talk he gave at a conference on 
the politics of fast breeders in London at 
the end of last year The conference pro- 
ceedings are to be published by Macmillan. 
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The Piltdown hoax: cui 
bono? 


1 
Sm,—By far the ‘most sensational 
feature of the Piltdown hoax, that has 


remained hidden from the public р 
for к ‚із that it was 
executed eminent scientists ejos: 
one of their own number. 

Until recently there have been two 
main h the identity 
of the trator of the Piltdown 
hoax: t espoused by Weiner (The 


Piltdówn Hoax, Oxford О ty 
Press, 1955), inf. the guilt o£ the 
amateur Dawson, is far the more 
acceptable as it absolve the academic 
world from any involvement. The a 
view is that Dawson was the scapeg 
sad the hoax was part of а conspiracy 
on the part of scientists to delu 
pe into accepting the anti-religious 
of human evolution Bowden, 

Ape-men fact or fallacy? i 
Publications, 1977). This thesis, of which 
there are hints in Langham's letter (18 
January, page 170), even suggests that 
Smith Woodward “may have been a 
willing accomplice’. Hence, Elliott 
Smith, who nailed his banner firmly to 
the Piltdown mast, could be imagined to 
have been the instigator. 

Douglas (2 November, page 11) has 


се аз oy ad line of enquiry. 
The incident of the Sherborne horse" r 
head, if nothing else, was a 
and deliberate рау н а. 
of Woodward's incompetence. this 
© context, it is indeed difficult to Imagine 
Dawson being to any conspiracy 
aimed at belit close friend of 
many years standing (from 1884 until 
his death in in 1916). He may possibly have 
been persuaded to help “encourage the 
' evidence", and it is difficult to avoid 
ting some kind of direct 
involvement. The way in which the - 
desperately wished for lower jaw’ was 
up by Dawson’s pick, so that it 
landed literally at Smith Woodward’s , 
feet, has such an air of theatre about ' 
it that one is bound to be suspicious ' 
of such a startling coincidence. When ‘the 
‘search was on for the missing canine, 
' Teilhard de Chardin sat down to rest on 
& heap of gravel that Dawson and 
Woodward had already sifted. They 
actually told bim that there was no 
point in searching there, but within a 
few minutes of casual probing with his 
fingers the canine appeared, yet 
another startling coincidence. (This 
event might well place Teilhard de 
Chardin among the suspects). The 
subsequent sudden appearance of the 
"cricket bat", from the soil under the 
hedge where they usually lunched, was ` 
surely stretching credulity to breaking - 
point. Everything that Smith Woodward, 
wanted, turned up and, moreover, in 
the order in which he wanted it. 
Every good hoax, to be effective, 
needs to carry certain hallmarks that 


allow it to be recognised as such by all. 


and sundry, with the main on 
of the victim for whom it was desig ned: 
Let us now look, not at Wood 
friends, Du ak Ea ы Dossier bis 
already drawn our attention to the 
strong possibility of Sollas being 
involved. Sollas was Britain’s leading 
expert on fossil man, who had just 

en his Presidential Address to the 

Society on fossil man and had 

recently published Ancient Hunters 
(1911). Here was a man who had 
ploneered over many years the 
technique of serial sectioning, which 
enabled palacontologists to examine the 
internal structures of fossils that 
otherwise would never have been 
accessible for study, a technique which 
Smith Woodward contemptuously 
dismissed as a “mere toy". And here 
was Smith Woodward with pretensions, 
but no expertise, announcing his 
ambition to discover the jest man, 
and moreover, in Britain. Was this not 
as i i ad an invitation as one tould 


imagine 
Weiner (4 January, pee I9 draws 
attention to Oakley’s to The 
Times (7 November 1978) regarding 
Sollas’s possible use of potassium 
bichromate, but he seems to have 
missed my reply (The Times, 25 
November) refuting Oakley. My letter 
also mentioned that Dr M A. C. 
Hinton was the likely source of the 
medieval orang utan lower jaw and 
that Hinton had stated that the hoax 
was initially planned and executed 
within the Natural History Museum. 
Unfortunately the short paragraph 
referring to Hinton’s possible 
involvement was edited out of my 
original article in Nature (2 November, 
pages 11-13). 

In the spring of 1912 Dawson brought 
the five Piltdown skull fragments to 
Smith Woodward, but to be certain of 
its import, it was vital to find the lower 
jaw. In 1910 Hinton was given the 
status of a Voluntary Worker in Smith 
Woodward's Department of Geology to 
work on fossil rodents. He managed 
somehow to offend Smith Woodward to 
such an extent that in 1912 he 
transferred to the Department of 
Zoology to continue his work there 
(eventually in 1936 becoming Keeper of 
Zoology and retiring in 1945). The 
avallable evidence suggests that the 
medieval orang utan lower jaw came 
from a box of unregistered material 
from the Everett Collection to which 
Hinton then had access. Hinton (The 
Times, 4 December 1953) stressed that 
the zoologists in the museum would 
have unhesitatingly referred the lower 
jaw and canine to a chimpanzee had the 
material come within the orbit of the 
Zoology Depertment! He claimed that 
in their eyes С: S. Miller's analysis 
settled the matter and relieved them of 
the necessity of expressing any opinion 
and thus arousing hostility within the 
museum. In retrospect, this epistle from 
Hinton takes on a new significance. 

From the people that knew Hinton 


well, it is ed that he must have 
been involved in the promulgation of 
the hoax and it is even claimed that he 
“virtually confessed” to this, prior to 
his death. Nevertheless, there was 
always the nagging suspicion that there 
was a more know geable figure in the 
background; Douglas’s suggestion at last 
provides the clue to his identity. 
Douglas asks “Did they [the people who 
exposed the fraud] ever try to find out 
if Smith Woodward had any particular 
enemies who might do such a thing? 
No. They did not” If a crime is 
committed against an individual, the 
first task, having ascertained that the 
deed has in fact been committed, is to 
determine if anyone had a strong 
motive. Such an approach would have 
ed in the direction of the Natural 
istory Museum and Oxford. Without 
wishing to be uncharitable, perhaps this 
is the reason the grudge theory was 
never followed up. This would explain 
the cameo of Sir Gavin de Beer 
“rolling on his settee, wringing his hands 
and crying ‘What can I do? What can 
I do?'" as the evidence on Piltdown 
unfolded. It is not a scandal for an 
institution to have been duped by a 
hoax, but if it transpires that it has been 
Чыңыз in the same institution, it 


сепапу №, Weiner’s accusation of 
Douglas besmirching Sollas’s reputation 
cannot be Ieft unanswered. Given the 
circumstances in the 1910-1912 period, 
given the personality of Smith 
Woodward, I wonder how many 
would have resisted the temptation E 
present somebody, who is claimin 
be an expert in a field, with somet is 
everybody would know із so ludicrous 
that he would make an utter fool of ` 
himself and be shot down in flames". 
The conspirators misfudged the 
perspicacity of their colleagues, 
although Waterston, Lankester, Boule, 
Miller and Weidenreich doubted the 


the critical faculties of the scientific 
community seem to have been - 
overwhelmed. and this surely was the 
tragedy of Piltdown. 


Yours faithfully, 
L. B. 


Department of Geology, 
University of Reading, UK. 


False- or pseudogalena 


Sm.—Joe Schwartz (25 denos. page 
255) has confused galena wi 
false-galena or енор спа fsphalérhe) 
Yours faithfully. 
Sak С, Kaver 
ы NR 
Du Pont, Wilmington, ^" 
Delaware, USA 
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Pion interferometry of nuclear collisions 


from Miklos Gyulassy 


THE. measurement of the space-time 
dirnensions of nuclear interaction regions 
formed during high energy (~1 GeV 
per nucleon) nuclear collisions obviously 
calls for rather novel techniques. That 
interaction region (which we call the 
nuclear fireball): may. be roughly cigar- 
shaped with longitudinal and transverse 
dimensions ranging between 10-19 and 
107? cm and expanding, with relativistic 
speeds on a time scale of 10-*? to 10-7. 
In that tiny, short-lived fireball, nuclear 
matter may be compressed to very high 
densities (~ 104 gm cm?) and heated to 
enormous temperatures (~ 10:3 К). 

The physics of. nuclear-systems under 
such extreme conditions is now the sub- 
ject of a new branch of nuclear science 
known as relativistic nuclear collisions. 
Recent - developments in. this area have 
been reviewed by Goldhaber and Heck- 
man (A4. Rew Nucl. Part. Sci. 28, 161; 
1978). One of the most exciting new 
developments has been the application of 
pion interferometry tó deduce the space- 
time geometry of that nuclear fireball. 
The. principles behind pion interfero- 
metry апа, the first experimental results 
are discussed below. 

The basic idea'goes back to Hanbury- 
Brown and Twiss (Nature 178, 1046; 
1956), who first used the technique. of 
second order intensity interferometry to 
deduce stellar radii. They made a remark- 
able obsérvation for the , chaotic; in- 
coherent light emitted by stars. While 
the average intensity. (photon count) 
measured by two detectors A and B 
was the same, XA? = <Ia», and in- 
dependent of the separation Ras be- 
tween the detectors, the average 
coincidence rate, SIMs), did depend on 
Raa. For large separations (JAIp» es 
C.» (ly? = (I45*, but for small 
separations, Culp) > <Ia)’. From the 
dependerice of M A on RA», Hanbury- 
Brown and Twiss ,were able to measure 
жез jeu? ^ s 

тервой, for this variation of 'the 
Pun Fate, ‚#5 a function of Rn 


M Gyulassy itin the Nuclear Science Division, 
Lawrence Berkel atory, University of 
California, pleat es = 
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is now well known and found in any 
modern quantum optics textbook. It 
originates from Bose-Einstein statistics 
required for integral spin particles such 
as photons. It is the interference between 
the two parts of the symmetrised' wave- 
functions, 1/4/2 (х) (У) 4и (У(Х) ) 
describing two.identical bosons that leads 


‘to the ‘intensity interference, Physically, 


the enhanced correlation at small Rap 
follows from the tendency of bosons’ to 
congregate in the same state. 

Not long after the discovery of the 
HBT effect in astrophysics, it was 
rediscovered in high-energy physics in 
measuring correlations ‘between: identical 
pions. In high-energy physics it is called 
the GGLP effect (Phys. Rev. 120, 300; 
1960) Pions (xr x^) are also bosons 
and are thus subject to the same sym- 
metrisation requirement, as are photons. 
Consequently, intensity interference must 


also occur for chaotic pion fields. For ' 


pions, intensity interferometry ‘involves 
the comparison of the coincidence rate 
of identical pions with momenta К, and К, 
to the random rate of observing pions 
with 'k, and k,. Bose-Einstein statistics 
lead to an enhancement of the coincidence 
rate over the random rate for small 
momentum differences. The correlation 
function, defined as the ratio. of, the 
coinciderice to random rate, is , thus 
larger than unity. for small К.к, 
According to. a theoretical analysis by 
Kopylov and Podgoretski (Sov. J. Nucl. 


Phys. 18, 336; 1974), the dependence. of | 


the correlation function on k,-k, in 
fact measures the space-time Fourier 
transform of the pion ‘source’ density. 
The relation between the measured pion 
correlation function: and ‘the source 
density obtained by Kopylov has been the 
basis of a great many studies of the 
space-time dimensions of hadronic inter- 
action -regions (see for example Enzell 
et al. Phys. Rey. Lett. 38, 873; 1977). 
Most recently- the pion correlation 
data from high-energy nuclear collisions 
were analysed by a University of Cali- 
fornia, Riverside group headed by R. T. 
Poe. The reaction studied was Аг 
Pb,O,.—7x---X using an Ar beam 


with 1.8: GeV per nucleon kinetic energy 
(Fung et al. Phyx. Rev. Lett. 41, 1592; 
1978). In such reactions often' more than 
100 charged particles (p,r*,r ) are 
observed with negative pion multiplicities 
up to.15. These are the remnants of the 
violent explosion of the nuclear fireball. 
Pion interferometry has given us the first 
glimpse. of the dimension and lifetime of 
that fireball before its explosion. The 
group reported that the average radius, 
Ro, and the lifetime, то, of the fireball 
were №, = 3.340.9x10-" cm and 
т, = 54(D x 1079 s. 

Although the statistics are as yet 
too few to determine the longitudin- 
al and transverse dimensions of the 
fireball separately, the measured А, 
agrees well with aur expectations. How- 
ever, most important, this experiment 
demonstrated the .feasibility .of ' pion 
interferometry in nuclear collisions. The 
next.genération of experiments with the 
Beyalac at the Lawrence Berkeley Labora- 
tory are expected to increase.the statistics 
greatly. We will then be able to resolve 
much more clearly the geometry of these 
fireballs. 

The discussion up to now has’ been 
concerned with intensity interferometry 
when applied to chaotic boson fields. As 
recently emphasised by Fowler ‘and 
Weiner (Phys. Lett. TOR, 201; 1977) the 
intensity interference pattern also, de- 
pefids on the degres of coherence of that 
boson field, ‘Laser fields, for example, 
exhibit. no intensity | interference. The 
effect of possible caherence on pion integ- 
ferometry is a topic of current theoretical 
investigation. 

A final comment that must be made is 
that final state interactions must also be 
considered in connection with future work 
on pion interferometry. Unlike photons, 
pions can interact with each other and the 
remnants of the exploding fireball. The 
effects of final state interactions (especially 
the long-range Coulomb forces) must be 
unfolded from the measured correlation 
data before accurate geometrical and 
dynamical information can be deduced 
from those correlations. Such studies are 
also now underway. g 
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Exons encode protein functional units - 


from C. C. F. Blake 


AN important contribution to relation- 
ship between protein structure and the 
newly discovered mosaic structure of 
eukaryotic genes, in which coding 
segments of DNA (exons) alternate 
with non-coding segments (intervening 
sequences or introns), is reported by 
Tonegawa and his colleagues in this 
week's Nature (Sakano ег al. page 
627) 'The protein chosen was the 
constant region of the immunoglo- 
bulin y heavy chain. Sequence studies 
and crystallography have already 
shown that the constant region is 
composed of three homologous struc- 
‘tural domains: the CH, CH, and 
СН: domains. Each domain is com- 
posed of about 110 amino acids, 
folded into almost identical tertlary 
structures made up from seven 
B-strands. The CH; domain pairs with 
the Cz domain of light chains to form, 
together with paired Vg and Vi 
domains, the Fab parts of the y-glo- 
bulin molecule. The CH; and CH; 
domains pair with equivalent domains 
of a second heavy chain to form the 
F. fragment, which is separated from 
the Fab fragment by a hinge region. 
Each of these structures bas a well 
defined function: the paired CH: 
domains act in cell surface inter- 
actions, the paired CH, domains in 
complement fixation; the hinge prob- 
ably transfers information from the 
Fab to the Е, fragment; the СН, pair 
is the attachment point for the light 
chain; the Ун Vz pair forms the anti- 
gen binding site; and there is also an 
N-terminal signal peptide. Thus the 
immunoglobulin molecule із com- 
posed of six discrete  structural/ 
functional units whose relationship to 


the exon/intron mosaic in the coding 
region could be most illuminating. 

The DNA was obtained from mouse 
MOPC 21 myeloma by complete 
digestion with EcoRI nuclease and 
the identification of a 6.8 kilobase 
segment that contained the required 
sequence by hybridisation with cDNA 
prepared from МОРС 21,; mRNA. 
The segment was recombined with 
the EK2 vector, phage Agt WES, and 
cloned. After digestion of the clone 
the position of the yı coding region in 
the 6.8 kb fragment was determined by 
electron microscopy of the R-loops 
formed between it and the 7:-chain 
mRNA. This revealed three small R- 
loops separated by two intervening 
double-stranded DNA segments, sug- 
gesting the presence of three exons 
interrupted by two introns. A restric- 
tion enzyme cleavage map showed 
that this interpretation was correct, 
but that there was an additional very 
short exon located between exons 1 
and 2, giving a final pattern of 4 exons 
separated by 3 introns. Sequence 
analysis of the intron—exon boundaries 
and comparison with the known 
amino acid sequence of the MOPC 
21,; chain, revealed that the exons 
represent, in sequence, the CH: 
domain, the 14-residue hinge region, 
the СН, domain, and the CH; domain. 
There seem to’ be no introns within 
the individual sequences coding for 
these units. 

The conclusion from this study, that 
each of the six known functional 
units in the y-globulin heavy chain is 


C. C. F. Blake is in the Laboratory of 
Molecular Biophysics, Department of 
Zoology, University of nes 





RNA splicing and polynucleotide evolution 


from D. Reanney 


“INFORMATION flow in cells is defined 
by the 'oentral dogma’ as 


DNA~>RNA~>? Protein 


But although the central dogma ac- 
curately describes the flow of infor- 
mation in modern cells, it probably 
fails to reflect evolutionary perspective. 
Considered from the chronological 
viewpoint a more accurate represen- 
tation of the central dogma might be 


This rewriting of a basic tenet of 
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biology has come from several lines of 
evidence which strongly reinforce the 
view of Crick (J. molec. Biol. 38, 367; 
1968) and others that RNA is the 
primary genetic material. It is worth 
re-emphasising that most key features 
of the translation of genetic informa- 
tion depend on Watson-Crick pairing 
between (partly) complementary RNAS. 
Translation is mediated by interactions 
between different RNAs—mRNA: 
tRNA; mRNA:rRNA; rRNA:tRNA 
and rRNA:rRNA. The same was pro- 
bably true of primitive ‘metabolism’. 
With respect to a metabolic fossil such 
as the ribodinucleotide NAD, for 
example, one may ask why is a nucleo- 
tide ‘handle’ a necessary part of a 
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coded by a separate exon is most 
exciting. So clear cut is the corres- 
pondence that one is tempted to con- 
clude that the problem of exons has 
been solved along the lines proposed 
by Gilbert (News and Views 271, 501; 
1978) in which the presence of exons 
was seen as allowing new proteins to 
be constructed from parts of old ones. 
The results reported by Tonegawa are 
exactly in line with this hypothesis, 
and show that individual exons can 
define even very small functional 
units, like the 14-residue hinge region, 
and not just domains or folding units 
as I previously suggested (News and 
Views 273, 267; 1978). In view of the 
precise correlation between exons and 
the functional units in the immuno- 
globulins, the presence of three exons 
in the -globin gene, when the protein 
cannot readily be divided into indi- 
vidual units of either structural or 
functional significance seems at first 
very puzzling. However, closer exam- 
ination shows that the central exon 
corresponds very closely to the protein 
fragment that defines the haem 
crevice, and contains nearly ali the 
amino acid residues that interact with 
the haem. Tonegawa's work implies 
that exons may reveal unsuspected 
functional protein units—perhaps like 
the ‘minimal globin’ outlined above— 
even when the joins are not visible in 
the protein structure. The thought 
that the exon/intron mosaic may 
carry the frozen evolutionary history 
of proteins makes one look forward 
to see whether further determinations 
of exon-intron patterns of other pro- 
teins of known structure support this 
view, or point in a different direction. 





molecule whose active group is nic- 
otinamide. I suggest that the first steps 
on the road to preceliular metabolism 
were taken when electron-donating and 
electron-accepting reactions were 
coupled by means of molecules’ whose 
‘handles’ were complementary in the 
Watson-Crick sense. For example 


UDP-X (red) UDP-X (ox) 
where U is paired with A 
NAD (ox) 2NADH--H (red) 


Here the ‘genetic’ monomers A and 
U ere used to bring the two elements 
of the redox reaction into appropriate 
juxtaposition; this is effectively what 
an enzyme does The... addition of 


tof 





D. Reanney is: Sentor Lecturer їп the 
Department of " Microbiology; La Trobe 
University, Australia. 
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further nucleoide ‘handles’ would en- 
hance not only the efficiency of the 
mechanism but also increase its speci- 
ficity. Reaction specificity is another 
enzymatic attribute; in terms of this 
thesis, aminoacyl- RNAs аге but one 
surviving set of examples of a family 
of oligonucleotides equipped with non- 
nucleotide active groups. 

Perhaps the most compelling argu- 
ment for a primary role for RNA in 
early evolution has come from the dis- 
covery of RNA processing. At first 
sight RNA:RNA splicing seems to 
remove RNA from early genetic events 
rather than bring it closer to them. 
This is because splicing has to date only 
been demonstrated in eukaryotes. How- 
ever, the assumption that eukaryotic 
DNA represents a more advanced. type 
of genetic organisation than bacterial 
has been suspect for some time (Reanney, 
J. theor. Biol, 48, 243; 1974). The dis- 
covery of split genes has added a powerful 
buttress to the argument (for a recent, 
detailed discussion see Darnell Science 
202, 1257; 1978). | 

It.is clear that Darnell sees ОМА as 
retaining the genetic function in these 
early splicing systems. However, the 
points made by Darnell are consistent 
with a primary role for RNA both in 
information storage and information 
processing. Thus ‘mosaic’ RNAs pro- 
duced by splicing are strictu sensu 
recombinant molecules in that they 
contain data drawn from different 
parts of the genome. But whereas 
classical DNA recombination requires 
the concerted action of a plethora of 
different proteins (DNA ligases, repair 
enzymes, denaturation proteins, exo- 
nucleases, and so on, splicing requires 
‘only two (known) functions—a cleav- 
‘ing and a ligating capacity. Also 'con- 
sensus' sequence targets for RNA 
processing enzymes are short (about 
six nucleotides (Catterall et al. Nature 
275, 510; 1978)) regions on single RNA 
strands whereas ОМА recombination 
only occurs if two duplex DNAs of 
strongly matching nucleotide sequence 
are brought into register. Splicing thus 
has the virtue of economy which can 
in this context perhaps be equated with 
‘simplicity’. It seems logical therefore 
to suggest that RNA:RNA splicing is 
the primitive mode of genetic recombi- 
nation. 

One of the better characterised pro- 
cessing enzymes is RNase P. This 
molecule is a ribonucleoprotein con- 
taining about 80% RNA; as such it 
resembles an undoubtedly primitive 
structure—the ribosome. Stark ef al. 
(Proc. natn. Acad. Sci. U.S.A. 75, 3717; 
1978) have raised the possibility that 
RNase P recognises target sequences by 
RNA: RNA pairing. Since known nucleo- 
_tide-rgcognising proteins (such as the fac 
repressor) select their substrates by ex- 


z i 
0028-0836/ 79/0271-—0599$01.00 


ploiting the stereospecificity of proteins, 
the presence of about 350 ribonucleo- 
tides in an RNA-cleaving enzyme sug- 
gests that the processing of RNA 
molecules. had been. fixed. into cell 
chemistry before the takeover of cata- 
lytic functions by proteins had been 
completed. The fact that RNase P 
processes the products of one of the 
most ancient surviving genes—that for 
tRNA—is consistent with this. view. 
The example of RNase P holds out 
some tantalising.clues as to the origin(s) 
of the splicing process, conceivably at 
a time when effectively coded proteins 
had still. to develop. X-ray crystal- 
lography has confirmed that the skele- 
tons of ‘working’ RNAs trace out 
complex .paths through. three-dimen- 
sional space. Let us assume that RNA: 
RNA splicing was (and is?) mediated 
by RNA units which potentiate the 
cleavage of longer molecules at splice 
points (cutter RNA) and join shorter 
RNAs (linker RNA). (Conceivably 


both activities could reside. in one. 
recognise. : 


molecule) A cutter сап 
specific bases in substrate RNA only 


if these are unpaired; similarly a linker ^ 


can only act as a ligating agent if bases 
in the two separate RNAs are unpaired 
at or near the point(s) where the mol- 
ecules аге іо be joined. Since the 
number and position of appropriately 
oriented, unpaired nucleotides is deter- 
mined by the three-dimensional archi- 
tecture of the RNA it follows that 
topology must have had a key role in 
the selection of the splice site—some- 
thing which seems to survive into the 
present day since all (known) sequences 
flanking splice sites are too short per se 
to provide. the needed specificity. The 
(at first sight) puzzling absence of 
strong. internal Watson-Crick pairing 
at most known splice sites (Catterall ел, 
al. op. cit.) is explicable if nucleotides near 
the site are required to be unpaired in 
order to provide a recognition mechanism 
through base-pairing with an independent 
RNA. 

The importance of topology can be 
illustrated by reference to a specific 
example of enzymatic interaction with 
an RNA of known, complex morph- 
ology—tRNA. One of the most common 
modifications to tRNA is methylation, 
carried out. enzymatically using S- 
adenosyl methionine (SAM) as methyl 
donor. The function of the various 
methylase enzymes is to ensure that 
methyl groups are added at the correct 
site on the correct base. What is often 
overlooked. is that it is the previous 
folding of the polynucleotide that de- 
termines їо a large degree the avail- 


ability of the bases. So by selectively. 
shuffling base sequences so that sites . 


to be methylated occur in loops it is 


possible for a low molecular weight ' 


agent such as SAM acting at random 
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to achieve relatively specific results..1f 
a useful ‘enzymatic’ RNA sequence. is 
found among a pool of variants this 
can be selectively amplified by the auto- 
catalytic ability of duplex RNA; the 
reproducibility of the modifications (on 
which such useful enzymatic ability 
might depend) being ensured by the 
particular folding mode of transcript 
RNA. 

What are the advantages of RNA: 
RNA splicing to a very early genetic 
system? Perhaps the most important is 
that the ‘complexity’ of polynucleotides 
can be increased in a modular fashion 
as a result of ligation between inde- 
pendently formed oligomers... Further, 
at a time when the number of efec- 
tively self-replicating RNAs was a 
rate-limiting factor in evolution, pro- 
cessing. has the enormous advantage 
that multiple mosaics can be run off 
from essentially the same template; 
new sequences also result from the 
successive processings of one transcript 
(the production of multiple mosaics 
from one RNA was probably inevitable 


“at the time when splicing enzymes had 


not evolved the precision needed to 
avoid reading-frame shifts in protein 
synthesis) Thus processing can maxi- 
mise the number of sequences exposed 
to the test of selection in a way and at 
a rate unachievable through the slow 
rewriting of existing sequences by . 
genetic noise. The adaptive advantages . 
claimed for splicing (see Gilbert News and 
Views 271, 501; 1978; Reanney JON- 
UCLA Symp. Persistent. Viruses, 1978) 
seem to apply with greater force at earlier 
than at later stages of evolution. 

The emphasis placed оп  'enzy- 
matic' aspects of RNA implies that, in 
the absence of sophisticated proteins, 
the production of mosaics through 
processing may well have been easier 
to negotiate than the production of 
unit mRNAs through punctuation. 
Excised intronic sequences could 
readily be used as primers to maintain 
the continuing replication and transcrip- 
боп of template polynucleotide, thus 
relegating to RNA yet another role 
now carried out or aided by proteins. 

With the takeover of genetic func- 
tion by DNA, ‘illegitimate’ recombi- 
nation may have complemented the 
processing mechanism. It is noteworthy 
that IS/ and elements of the atr site 
of X contain promotor-like sequences 
(Landy & Ross Science 197, 1147; 1977). 
RNA polymerase seems to be directly 
involved in a recA-independent recom- 
bination pathway of о DNA (Ikeda & 
Kobayashi Proc. natn, Асай. Sci. USA. 
74, 3932; 1977). legitimate DNA re- 
combination may thus preserve a memory 


of the primary role of RNA in early 
genetic processes. 


Since splicing and illegitimate re- 
combination between them provide an 
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enormous pool of ‘experimental’ poly- 
hucleotides one may ask why general- 
ised recombination occurs across the 
biological spectrum I suggest that this 
type of recombination developed from 
the proofredding function which seems 
to be a universal correlate of DNA 
synthesis - The proteins needed for 
generalised recombination could easily 
have been recruited from the molécules 
used in the cut and patch mechanism(s) 
on which proofreading depends One 
of the most striking thing$ about gen- 

eralised recombination is it conserv- 
ative character. No information is 
gained or lost and gene order is not dis- 
turbed Significantly, branch migration 
and strand isomerisation’ show up base 
mismatches as transient heteroduplex 
lesions. Since these lesions can be 
recognised’ and repaired,’ generalised 
recombination could be regarded as an 


Short period fluctuations in the, ^ 
Earth’s’ magnetic field ^^^ > . I 


"from. Ken Games. 


Up to about 10 years ago, it was gener: 
ally believed that the magnitude of the 
-Barth's magnetic field “varied with 
periods of approximately 8,000 years on 
-a world wide scale Thus in 1968 Cox 
‘(Science 163,1237; 1968) produced a 
graph of variation in the geomagnetic 
dipole moment which was obtained. by 
averaging data over 500 year intervals 
(Fig. 1) In recent years, howeyer, 
researchers are finding local changes in 
the magnitude of ‘the magnetic field 
which have periods of:as-little as 200 
.years and. which show a change in the 
total fleld- strength of ир їо 100%. The 
questions which now have.to be 
answered are: how confident are we in 
the magnetic, measurements used to 
‘determine these-changes, апа, if these 
changes are real, what is causing them? 
The commonest material used in field 
magnitude . determination is. pottery. 
The main technique used ло ‘unlock’ 
the magnetic record held in the ‘pottery 
is that developed by Thellier and 
Thellier (Ann. Geophys 15, 285, 1959), 
although many modifications to this 
-technique have since been made., The 
-basic Thellier and Thellier method, in- 
volves heating a sample. to, say,, 100 *C 
in zero magnetic fleld and allowing it 
to cool to room temperature The 
sample is then reheated to 100 °C in a 
‘known laboratory field Bus and ‘again 
cooled. The, decrease . in , magnetic 
moment mı after ‘the first heating repre- 
sents-the magnetisation acquired by the 
sample in the temperature interval 
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extension of the proofreading function 
from which it evolved. Preferential 
correction to wild-type rather than 
mutant ‘genotype can be achieved, at 
least ‘in phage A, by enzymatic. recog- 
nition of base mismatches in non- 
methylated (that is, newly made) 
strands- (Meselson & Radman cited in 
Nature, 268, 490; 1977).-Thus reciprocal 
recombination between — equal-length 
DNAs may, in part, be a-mechanism for 
Thinimising variation, not promoting it. 

! According to this view the sequence 
of events in the evolution of genetic 
recombination was' first, RNA:RNA 
splicing; second, illegitimate recombi- 
nation and third generalised recombi- 
mation. Legitimate recombination .now 
‘acts àsta brake' on change, continuing 
evolution being nourished by the 
earlier mechanisms. a: 

MET bt. yo, LJ 


` 


R.T. — 100°C when the sample .was 
first fired in the ancient magnetic field 
and the increase in magnetic 
moment m, after the -second heating 
represents the magnetisation acquired 
in the laboratory field. Thus the simple 
equation 

н m, В, 

enables us to ‘determine . Bane. This 
process is then -repeated at Steps of 
increasing temperatures such as‘ 200, 


.300, 400 and 500°C. If the value of 


Bane obtained’ from each step 15 ‘the 


same then the result “is assumed to be 
‘a Teliable one. Several possible sources 


of ‘error in this method have been 
known ahd taken into account for a 
long-time. For example, the laboratory 
heating can cause changes in the mag- 
netic minerals of the sample. This 
tends to happen at ‘high temperatures, 
and many of the modifications of the 
method have attempted to monitor bs 
changes. mo 

‘Recently, however, two serious pos- 
‘sible ‘sources of error have been dis- 
covered The first source was reported 
by Fox, Aitken and Gunn: (Geophys. 
1978) 
when they discovered a shape aniso- 
tropy effect. Thus it was found that the 
thermoremanent magnetisation (TRM) 
acquired by a disk-shaped: sample 


'(25 mm in diameter and.6 mm: thick) 


‘along the plane of-the disk was about 
20% greater than that acquired perpen- 
dicular to the plane. This effect seems 
to be similar to the self-demagnetising 


-effect exhibited by kilns as shown by 
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Age ба before prea) 
Fig.. 1, Variations in geomagnetic dipole 


moment. Changes during the past 
130 yr, as determined from observatory 
‘measurements, are shown by the 
slanting bar at the left. Other values 
. were determined palacomagnetically 
(Cox op. cit.) 
Aitken and Hawley (Archaeometry” 13, 
83; 1971) : 

The ‘second source, reported by 
Rogers, Fox'and Aitken (on page 644 of 
this issue of Nature) is another aniso- 
tropic problem, this time shown to exist 
on cylindrical samples 3 пт х3 mm, 
whictr should therefore have no aniso- 
tropy due to shape. However, it was 
found that for samples whose cylind- 
rical axis was perpendicular to the 
plané of the pottery, the’ TRM along 
the axis was up to 40% less than the 
"TRM perpendicular to the axis. This is 
thought to be due to a preferential 
alignment of magnetic grains within the 

‘fabric of the pottery One would intui- 
tively expect that this effect would be 
greater for wheel-made pottery than 
for hand-moulded pottery, but whether 
this is so or: not, it obviously presents 
a ‘problem in interpreting » archaeo- 
magnitudes which have been reported 
before this discovery. What is certain 1s 
that in future care snould be taken to 
give the TRM in the same direction as 
the normal remanent magnetisation 
(NRM). was originally acquired, -or 
at least to correct for the anisotropy 
effect. Even so, there is a further prob- 
lem yet to be investigated This is the 
fact that when a'sample first acquired 
its NRM it was part of a larger mass 
-of ceramic, and no one really knows 
just what difference this makes com- 
pared with the acquisition of the TRM 
after it has been broken away from the 
larger mass. 

One author who has made a. cor- 
rection for the fabric anisotropy is 
Walton (on page 643 of this issue), His 
results show a rapid rate-of change in 
the magnitude of the magnetic field in 
Greece between 2000 вс and ap 400. 
As stated earlier, these are the sort of 
results now being found by several 
workers, and it becomes apparent if the 
diagram in Fig. 1 is compared with that 
of Walton, that by averaging over 
500-yr intervals Cox has automatically 
lost the resolution which, given. ‚ ade- 
quate .precision of dating, could show 
the rapid short-period fluctuations now 
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being seen. It is also clear that it be- 
comes of vital importance, to use 
material which,is very accurately and 


reliably dated—preferably ,to, within. 


+30 yr.. Where .such dating controls 
exist, the magnetic results usually show 
the rapid short period fluctuations. 
The major problem still to be 
answered, however, is what is causing 
these fluctuations, which can result in 
a change in magnitude of the magnetic 
field of up to a factor of 2 in-a couple 
of hundred years. ‘It is difficult to see 
how the main dipole:fleld can change at 
such a rate, but before this can be dis- 
counted as a possibility we would need 
to have archaeomagnitudes for the 
same time period from many different 
locations, so that an accurate picture of 
the world-wide rate of change could 
be produced. The other obvious source 
of the fluctuations is the non-dipole 
field. If such non-dipole features did 
exist at various localities, then as they 
are so large they must be observable 
over large areas of the ranns surface. 


~ decayed, 


Hence a study of archacomagnitudes 
from areas separated by, say, 1,000 or 
2,000 km should enable us to determine 
how these non-dipole features grew.and 
and. whether or not they 
showed the-Westward- drift, which is a 
feature. of the present-day. non-dipole 
field. 

As far as the future is “Concerned, 
detailed curves of the magnitude. of 
the Earth’s magnetic field must-be pro- 
duced for many different areas if we 
are to understand the reason for the 
rapid fluctuations now being observed. 
The material used for this work must 
be-well dated, and as Walton explains, 
the possibility of then using the curve 
produced for a given location as a 
dating tool would be of great help to 
archaeologists. However, as with all 


methods of archaeological dating, we, 
must proceede.slowly to ensure that the. 


curves we use are as accurate as pos- 
sible, and that as many sources of error 
as possible, such as.the fabric aniso- 
tropy st discovered, are eliminated. 


The juxtaglomerular complex: its possible 


control of multiple nephron functions 


от Arthur с. Guyton and John E. Hall 


THE discovery of a new secretory cell 
in the juxtaglomerular complex of: the 
renal nephron is announced:in this 
issue of Nature (page 655) by Ryan, 
Coghlan, and Scoggins. This'cell, the 
granulated pempolar epithelial cell, 
contains large numbers of granules that 
are obviously secretory in nature, and 
it is lócated.in the angle between the 
glomerular tuft and (ће outside wall 
of Bowman’s. capsule, at a place where 
its secretion passes directly into the 
glomerular filtrate as it is first formed 
at the glomerulus. The authors make 
the obvious observation that ,*"it 15 
almost inescapable that they [the cells] 
participate in juxtaglomerular complex 
[control] activity”. . But what is the 
function of these secretory cells? 

‘The juxtaglomerular complex is an 
anatomical. consortium of structures 
lying.at the pole of the glomerulus. It 
consists of a.short portion .о? the 
'afferent-arteriole immediately before it 
enters the glomerulus and similarly a 
short portion of the exiting efferent 
arteriole. And, very- important, -it, also 
includes a small segment of the distal 
tubule that crosses the glomerular, pole 
in the angle between the afferent and 
efferent arterioles and. abuts against 
both these arterioles. This AS an- invari- 
able structure of each nephron, in all 
higher orders of animals. Obviously, 
this location of the complex is most 
propitious for it to act as a controller 
of nephron function, so much so that 
essentially ‘every anatomist who Has 
made contributions to its structure has 
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тебере to its possible ‘control func- 
tions. These include Ruyter (Ztschr, f. 
Zellorsch. u. mikr. Anat. 2, 242; ; 1925) 
who described its general structure, 
Goormaghtigh (Comp. Rend. Soc. Brol., 
Paris -124, .293; 1937) who emphasised 
the importance of ‘juxtaglomerular’ 
myoepithelial cells in the arterial walls 
containing large numbers of secretory 
granules, McManus (Q. JI Micr. Sci. 88, 
39; 1947) and Schloss (Acta. Anat., 
Basel 1, 365; 1946) who further defined 
the interrelatiqnships between the distal 
tubule and .the vascular pole, Hartroft 
(Cire. Res. 12, 525; 1963) who helped 
to determine that the secretory gran- 
ules of the juxtaglomerular cells con- 
tain large. quantities , of renin ог 
prerenin, and many. others. In fact 
Schloss gave the juxtaglomerular com- 
plex the name "der -Regulationsapparat'. 

Yet, how much:do we know about 
control of nephron function by the 
juxtaglomerular complex? The answer 
is that there hag been very little proof 
of any control function, but on the 
other hand, large amounts of circum- 
stantial evidence favour several dif- 
ferent control | functions. , In 1964 
(Guyton et al. Circ. Res.. (Suppl. 1), 14, 
1: 1964), we.summarised some of this 
circumstantial evidence..and also. pre- 
sented a mathematical model of the 
manner in which feedback control sig- 
nals from the distal tubule could 
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'autoregulate' both nephron blood flow 
and nephron glomerular filtration rate. 
Leyssac also suggested a similar mech- 
anism (Acta physiol. Scand. 58, 236; 
1963). Since then, many renal physiolo- 
gists have presented evidence for and 
against such a method for autoregula- 
tion of renal blood flow and glomerular 
filtration rate. After a long period in 
which.it was disbelieved by most renal 
physiologists, sentiment seems to be 
shifting toward acceptance of such a 
mechanism, so much so that a new term 
has been coined to describe it, 'tubulo- 
glomerular feedback’. However, there 
15 still much disagreement over what 
chemical constituent or what physical 
factor in the distal tubular fluid is 
sensed to provide the feedback control 
of nephron blood flow and glomerular 
filtration. 

Nephron function is also controlled 
by the renin-angiotensin system. At 
first it маз thought that the renin- 
angiotensin system caused constriction 
of the afferent arterioles in response to 
excess sodium or chloride ions in the 
distal tubules (Thurau & Schnermann 
Klin. Wochschr. 43, 410; 1965), in this 
way providing feedback control of the 
rate of flow of the sodium and chloride 
ions through the tubular system. How- 
ever, with the advent of drugs that can 
block the renin-angiotensin system, we 
and others have been able to show that 
autoregulation of renal blood flow 
becomes better than ever when the 
renin-angiotensin system 1s blocked 
(Hall et al. Am. J. Physiol. 232, F215; 
1977). On the other hand, autoregula- 
tion of glomerular filtration is better 
when the renin-angiotensin system is 
functional. These studies have also 
allowed us to separate tubuloglomerular 
feedback into two separate components, 
one of which controls afferent arteriolar 
constriction and does not involve the 
renin system, yet has a strong influence 
on autoregulation of renal blood flow, 
but only a weak influence on the auto- 
regulation of glomerular filtration, 'The 
second feedback mechanism does in- 
volve the renin system which controls 
the degrée of vasoconstriction of the 
efferent arterioles. That is, when glo- 
merular filtration is too low, feedback 
from the distal tubule to the juxta- 
glomerular cells causes renin secretion, 
formation of angiotensin, constriction 
of the efferent arteriole, elevation of 
glomerular pressure, and return of the 


glomerular filtration rate towards 
normal. 

Thus, the efferent vasoconstrictor 
mechanism provides an additional 


quantitative dimension to glomerular 
filtration autoregulation, adding to the 
effect also provided by the afferent 
arteriolar mechanism. 

So what control does the secretion 
from the newly defined peripolar cells 
exert. As this secretion enters directly 
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into the glomerular filtrate, one would 


suspect control of some aspect of tubu- : 


lar reabsorption. The obvious first 


question is dits" possible role in con-: 
trolling sodium reabsorption, а’ subject ` 


that is still lost in a haze. But we can 
all think of many other nephron control 
functions that we would like to see it 
perform i 1 
Thus, the importance of the M 
glomerular complex grows, not merely 
for control of a'single function of 'the 
nephron but perhaps and probably as 
a controller of multiple finctions. O 


Trouble with time 
travel 
from Paul Davies 


SPECULATION about time travel has 
long been a source of inspiration ‘to 
science fiction writers and philosophers, 
but anathema to physicists. Of course, 
time travel in a limited sense is known 
to be an observable fact. Ever since 
the inception of special relativity, with 
its celebrated time dilation and 'twins' 
effects, physicists have recognised that 
a sufficiently powerful rocket would 
enable an astronaut to travel into the 
future. By approaching close to the 
speed of light, a trip which for the 
astronaut occupies, say, one year, could 
return him to Earth to find that fifty 
years had elapsed there. Indeed, the 
disparity can theoretically be made as 
great as one pleases by approaching 
arbitrarily close to the speed of light. 
The phenomenon is not just a con- 
jecture, Time-travelling subatomic par- 
ticles are routinely monitored in the 
laboratory, and the minute, but sig- 
nificant, time dislocations in jet air- 
craft, have been successfully measured. 
However, the їпр is one way only: 
there is no going back into the past. 

The more entertaining possibility of 
visiting one's own past is the one that 
causes physicists headaches, for it plays 
havoc wtih causality Suppose a time 
traveller kills his parents before his 
birth? Even signalling the past can 
cause horrendous paradoxes. Consider 
the machine that destroys itself at two 
o’clock if it receives a message from 
itself at one o'clock, sent backwards in 
time from three o'clock. If it blows up 
at two, no message goes out at three, 
so no explosion is ordered 

It could be argued that a mass of 
contradictions can be avoided if one 
only allows a limited range of causally 
self-consistent loops, thus ruling out 
‘autocidal’ machines and so on ad hoc. 
But there is no doubt that the world 
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would be a safer place if some’law of 
physics could bé found that forbids 
travel into the past The trouble is that, 
not only do we not know of such a law, 
we actually do know Of some circum- 
stances where our existing’ theory pre- 
dicts just such a possibility. The general 
theory of relativity, which allows space- 
time’ to-be bent and: distorted, describes 
situations in which world- lines (tracks 
of matter through space-time) afe bent 
right: back round and can' even 'close 
up' on themselves, that is, join-up with 
their own past, Thus, a particle can 
find ‘that its past is also its future—a 
collapse -of causality that few are pre- 
pared to take seriously. Pa 

One situation in which: general rel- 
ativity seems to predict (if that is the 
correct word) causality violation is in 
the vicinity of rapidly rotating massive 
objects, a celebrated case: being the 1п- 
side of'a spinning black hole. Another 
possibility occurs near a rotating mas- 
sive cylinder (a more promising case 
for would-be temponauts). The experts 
have long regarded mathematical 
demonstrations оѓ this sort as idealisa- 
tions, and supposed. that 4n reality 


‘some kind of instability would set in to 


prevent the causality violation occur- 
ring There is still a lack of any com- 
prehensive theorems which will dem- 
onstrate that general relativity alone 
saves itself’ from its own causality- 
violating solutions, but in 1976, Frank 
Tipler of the University of California 
proved that time machines'tertid to go 
hand іп Hand with space-time singu- 
larities, also considered to be extremely 
unpalatable by’ physicists. So perhaps 
ridding the theory of singularities 
ies also save causality. 2 
-diffèrent possibility has recently 
к explored by an undergraduate 
student from Bristól University, now а 
postgraduate at King's College, Lon- 
don Writing in а recent 'issue' of the 
Journal of Physics (Charlton, 7. Phys. 
11, 2207; 1978) he first investigates the 
topology of the two-dimensional sur- 
face which sürrounds the region of 
spacetime in which particles possess 
closed timelike world: lines, proving it 
is always a torus. He then-goes on to 
discuss the behaviour of photons close 
to the time machine region. The result 
which he finds is that the angular 
momentum carried by the photon rises 
without limit' as the conditions are 
approached for ‘the existence of 
causality violation. In physical terms 
this means that any loss of radiation 
from the region: will transport vast 
quantities of angular momentum away 
from the rotating body. The reaction 
back on the body itself will cause it to 
spin down, and hence retreat’ from the 
threat of causality violation. Thus, 


there seems tò be an inbuilt mechanism ` 


to prevent real objects fromr rotating 
fast enough to allow time travel. 
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Just how general Charlton's mech- 
anism will turn out to be is not yet 
clear, but-it does go some way to con- 
firm- what has long been suspected— 
that travel into the ques is purely a 
fiction. П 


"E 


Lunar origin  . 
and palaeotides | 
from David W. Hughes 


BEFORE ' the Apollo missions to the 
Moon there were three seriously held 
hypotheses for its origin. The earliest 
is just over a hundred years old George 
H. Darwin suggested in 1878 that in 
early times part of the Earth’s crust 
broke away to produce the Moon, leav- 
ing the Pacific Ocean as a scar. This 
occurred when the Earth had already 
differentiated into a core and a mantle 
and was- rotating with a period of 
~ 4h. This low spin period caused it to 
become obhte and unstable More 
recent additions to this hypothesis sug- 
gest that Mars and a myriad of smaller 
bodies, broke away at the same time.. 
The second hypothesis proposes that 
the Moon was formed as an indepen- 
dent Solar System planet, further away 
from the Sun than Earth, and was cap 
tured by: Earth about 4X10* yr ago. 
_Ring accretion is the basis of the 
third hypothesis. Earth once had a ning 
system that may have resembled that 
of Saturn,-the planetesimals within the 
rings either being derived from Earth 
by silicate precipitation in a massive 
high temperature atmosphere or being 
the remnants of the original condensing 
planetesimal group that formed the 
Earth This ring coagulated after it had 
receded beyond the Roche limit. 
Following N. M. Short (Planetary 
Geology, Prentice Hall, 1975) we can 
Hst some of the important lunar charac- 
teristics' that the origin hypotheses 
have to explain The Moon is very 
close to'being a homogeneous sphere; 


jt has a lower density than' Barth, in- 


dicating. that it has lost iron; there is 
no water and fewer volatile and sider- 
ophile elemerits than both the Earth 
and chondritic meteorites, the Moon 
seems tO: be enriched ‘in refractory 
elements, and obviously has a none too 
primitive composition; it was formed 
about 4.6x10'yr ago,- the highland 
rocks being about 4 3X 10* to 4.110" 
уг old, the mare basalts being: about 
3 7x10*yr old. It seems that the Moon 
was formed essentially at the same tifne 
as Earth and that the maionity of the 
surface evolution took place in the 





David W. Hughes is a Lecturer in the 
Department of Physics at ‘the University 
of Sheffield. y 
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first 10° years; also there are indications 
that the Moon was once much closer 
to the Earth than it is at present. 

Unfortunately none of the pre- or 
post-Apollo discoveries compels the 
unanimous acceptance or rejection of 
any of the three hypotheses listed 
above The authors of these hypotheses, 
to a man, have found something in the 
data that apparently supports their 
point of wiew. However, A J. Anderson 
(University of Uppsala, Sweden) is con- 
vinced that a detailed study of the 
figure of the Moon and the tidal forces 
acting on it in the past (the so-caHed 
palaeotides) indicate that the Moon 
could not have been formed in orbit 
about the Earth This would auto- 
matically rule out the ring accretion 
and fission hypotheses, leaving only 
capture. Anderson presents his case in 
a recent edition of The Moon and The 
Planets (19, 409; 1978). 

The non-hydrostatic figure of the 
Moon arose from a distortion intro- 
duced by tidal forces: some time in the 
past, a distortion which has been re- 
tained by the finite strength of the 
lunar intersor. The gravity field can be 
charted using Doppler tracking tech- 
niques from the Orbiter spacecrafts and 
the Apollo commend service modules 
that have circled the Moon. This tech- 
nique led to the discovery of mascons, 
positive gravity anomalies that existed 
over certain circular lunar maria basins. 
These are probably thin concentrations 
of excess lava that have existed on the 
Moon for about 3.6 X10* yr. Isostatic 
global readjustment has not occurred 
simply because the viscosity of the lunar 
lithosphere is of the order of 107-10" 
poise, about flve orders of magnitude 
greater than the Earth's 

When the maria were formed by the 
filing of basins with low-viscosity 
molten lava the resulting maria surfaces 
would coincide with the gravitational 
equipotentials A careful analysis of 
the present-day figure of the maria 
surfaces gives the cemnant static tidal 
grawty field acting at the time of 
solidification, and consequently the 
Barth-Moon distance at that time. 

Anderson finds that the older lunar 
highlands have a smaller tidal ellipti- 
city than the younger circular mascon 
maria. This is completely- contrary to 
the supposition that the Moon was 
closer to the Earth when the highlands 
were formed than it was when the 
maria were formed. But we know that 
tidal friction does cause the Moon to 
recede slowly, in fact the time the 
Moon spends at a distance R from the 
Earth is proportional to R* where n 
lies between 3.5 and 4.5. Anderson 
therefore concludes that the Moon was 
formed away from the Earth and was 
captured about 3.7 х 10*' yr ago just 
before the time of mascon formation. 
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There is a possibility that the lava flow 
which produced the mascons was act- 
ualy caused by the capture. In 
producing this static tide solution 
Anderson has to assume spin-orbital 
coupling. This leads to the further con- 
clusions that the mascon maria flows 
occurred when the Moon was between 
8 and 10 Earth radii away from Earth 
and that before this the Moon was 
locked in a configuration with the 
Earth-Moon line about 15 degrees to 
the east of its present value. A rem- 
nant bulge on the lunar far side, re- 
vealed by the Apollo 16 laser altimeter, 
confirms the fact that just such a re- 
orientation has occurred 

So we are left with the lunar capture 
hypothesis, a hypothesis which un- 
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fortunately completely dissociates the 
origin of the Moon from the origin 
of the Earth and relegates the cause of 
their present companionship to a 
chance encounter during the dawn of 
the Solar System. If we look at other 
planetary satellites we can draw com- 
fort from the fact that of the seven 
lunar-sized satellites, two of them 
(Moon and Triton) do not have orbital 
planes which coincide with the equa- 
torial planes of the present planets. 
Considering all the satellites, about 
38% are in non-equatorial orbits, in 
fact 19% are retrograde. It seems that 
satellite capture was a fairly common 
occurrence during the formatéon of 
the Solar System. = 


Pathogenesis of animal 


trypanosomiasis 
from F. E. С. Cox” 


ANIMAL trypanosomiasis, particularly 
in cattle, is a major constraint on meat 
production in Africa. Whether or not 
the presence of trypanosomiasis, which 
effectively prevents large scale cattle 
ranching throughout the tsetse fly belt, 
is a factor in the preservation of 
African soil against erosion (Ormerod 
Science 191, 815; 1976) can be debated 
but there is little doubt that animals 
suffering from this disease are not 
productive and therefore constitute a 
considerable economic drain on the 
countries of Africa. Much is known 
about the symptoms of trypanosomiasis 
but little is understood of the path- 
ogenesis of the disease and a recent 
meeting* brought together a number 
of scientists working on this and related 
problems. 

The most important species of try- 
panosome causing animal trypano- 
somiasis are Trypanosoma vivax, T. 
congolense and T. brucei which infect 
cattle, sheep and goats as well as wild 
and laboratory animals. The pathogenic 
effects vary from parasite to parasite, 
host to host and even individual to 
individual. This is partly because the 
trypanosomes occupy different sites in 
the body, T. congolense and T. vivax 
are normally confined to the blood 
while T brucei is found in both blood 
and tissues, and partly because patho- 
genic changes may be caused by the 
‘trypanosomes themselves or by the 





*A Conf on Rocent Advances in the 
isis d of Pathogenictty of Trypanosomes 
sponso. Canadian Internatidnal 


Development Research Centre RC) and the 
International Laborato for R 

Ап CRAD) was hosted the 
Veterinary R t of the Kenya 


Research 
p in Nairobi, Kenya, on 20-23 Ni 


hosts’ efforts to rid themselves of their 
infections All three species undergo 
antigenic variation so in most animals 
there is little or no protective im- 
munity while ineffective immune re- 
sponses bring about a number of del- 
eterious immunopathological changes. 

M. Murray (ILRAD, Nairobi) sug- 
gests that the pathogenic changes 
during trypanosomiasis in cattle pro- 
ceed in three phases; anaemia with 
high parasitaemia and enlarged spleen, 
anaemia with transient parasitaemia 
and variable spleen size and, in those 
animals that recover, anaemia sa 
parasitaemia and the spleen returning 
to normal. However, dramatic charges 
occur within a matter of hours and 
many cattle die without showing major 
signs of disease (G. Losos, Veterinary 
Research Department, Muguga, Ken- 
ya) The inadequacy of the immune 
response is indicated by the fact that 
animals challenged a year after re- 
covery usually go through the whole 
cycle again During infection, 
irreversible lesions occur and com- 
plement levels, for example, never 
return to normal (H. Tabel, University 
of Saskatchewan). 

There are probably several causes of 
the characteristic anaemia of trypano- 
somiasis. There is little doubt that a 
haemolytic factor is involved and one 
possible candidate is a phospholipase 
associated with dying or dead try- 
panosomes (I. Tizard et al. University 
of Guelph) This is the first defined 
toxic product of a trypanosome to be 
implicated in the pathogenesis of 
trypanosomiasis and the long search 
for such substances, begun in the time 
of Landsteiner, iz obviously well worth 
continuing There is also evidence that 
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immunological responses initiated by 
the trypanosomes themselves are in- 
volved in red cell lysis (Tabel) 

Following the initial infection, 
pathogenic changes occur so rapidly 
that it is almost impossible to unravel 
those that result directly from the 
presence of the parasites from those 
resulting from the hosts’ attempts to 
compensate for damage caused by 
anaemia and immunological responses 
to parasite and possibly host antigens. 
Nevertheless, the disease has many of 
the characteristics of an inflammatory 
one and P F L Boreham (Imperial 
College, London) postulates that 
antibody-antigen complexes initiate a 
series of reactions leading to the 
activation of kallikrein and eventually 
increased capillary permeability on one 
hand and disseminated intravascular 
coagulation on the other These effects, 
and the anaemia, are only part of the 
whole pattern of pathogenesis and 
virtually every kind of cell (M С. 
Maxie & V E O. Valli, University of 
Guelph), tissue (W I. Morrison & M 
Murray, ILRAD, Nairobi) and organ 
(Valli) may be involved. The dynamics 
of the various changes can now be 
deterrnined very accurately using a 
number of tracer and radioactive 
labelling techniques (J. D  Dargie, 
FAO/IAEA, Vienna) and these tech- 
niques will become increasingly useful 
in the next stage of unravelling the 
various intertwined reactions. 

No conference on trypanosomiasis 
could be complete without some con- 
sideration of the ways in which meat- 
producing animals can be kept in 
regions of endemic trypanosomiasis. 
The possibility of using cattle tolerant 
to trypanosomiasis is, not an immediate 
one as carefully controlled studies have 
now shown that the reputed try- 
panotolerant breeds like the N'dama do 
suffer considerably from  trypano- 
somiasis although not as much as Zebu 
(Murray, Dargie) but much more 
quantitative work is required on this 
subject. On the other hand, young 
cattle do not seem to suffer so severely 
from trypanosomiasis as do adults (В T. 
Wellde, Walter Reed Institute Wash- 
ington) and eland that can be bred in 
captivity do seem to recover from 
infection (R Olubayo. Veterinary Re- 
search Laboratory, Kabete, Kenya). 
Perhaps we should acknowledge the 
supremacy of the tsetse fly at least 
temporarily and turn our attention to 
less popular breeds of cattle and 
alternative meat-producing animals 
which will eventually be able to live in 
Africa together with the tsetse fly and 
the trypanosomes but in the absence 
of clinical trypanosomiasis. L1 


F. E. G. Cox ts Professor of Zoology at 
King's College, University of London. 
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Pacific quiet zone 
contracted 


from Peter J. Smith 


LakGE-amplitude linear, magnetic an- 
omalies have now been used to interpret 
vast areas of the Earth's ocean floor in 
terms of plate tectonic processes But 
there are stil gaps; there are still 
difficulties in some areas, not least in 
the western Pacific. The late Mesozoic 
pattern of magnetic lineations in this 
region was first unravelled by Larson 
and Chace (Geol. Soc Am. Bull., 83, 
3627; 1972) who traced seafloor spread- 
ing back to the early Cretaceous and 
later to 153 million years (see, for ex- 
ample, Larson & Hilde J. geophys 
Res., 80, 2586; 1975). But beyond that, 
in both temporal and geographical 
senses, there is a large zone of low- 
amplitude (< 1007) anomalies, known as 
the Pacific Jurassic quiet zone (PJQZ), 
surrounding the Mariana Basin. 

Whatever the cause of the PJQZ, its 
existence has impeded the resolution of 
the area's tectonic history and may 
have led to unnecessarily forced inter- 
pretations. For example, Hilde e: al 
(Tectonophys., 38, 145; 1977) suggested 
that the Mariana Basin may be under- 
lain by Cretaceous crust formed during 
the better-documented Cretaceous mag- 
netically quiet . period—a proposal 
which implies, of course, that the basin 
originated during a time of intraplate 
spreading about 100 million years ago 
In other words, by this interpretation, 
the magnetic anomalies in the western 
Pacific get older and older until they 
reach the PIQZ boundary at 153 
million years, beyond which the litho- 
sphere is younger 

This is possible, but unlikely. More- 
over, as Cande ef al. now suggest 
(Earth planet. Sci Lett. 41, 434; 1978), 
such contorted theorising is unneces- 
sary. Cande and his colleagues show 
(from existing data) that in the PJQZ, 
immediately beyond the 153 million year 
line, the magnetic anomalies are ap- 
parently no different in character and 
lineation, but differ only in amplitude, 
from those on the younger side of the 
line. It is necessary to say ‘apparently’ 
here because it is just possible that the 
older alternating positive and negative 
anomalies are not the result of field 
reversal at all but of field magnitude 
fluctuations within a single polarity; 
and certainly the observed anomalies 
may be modelled successfully on either 
assumption. But just as there is no 
doubt that the anomalies younger than 
153 million years are produced by a 
combination of seafloor spreading and 
geomagnetic field reversal, there is 
little reason to suspect that the older 
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anomalies are not produced likewise 
Cande et al. have thus been able to 
extend the Mesozoic polarity-time scale, 
temporally, about 5 million years 
beyond the previous limit of 153 million 
years and geographically closer in 
towards the Mariana Basin from three 
different directions, 

On this basis the field reversal rate 
during those 5 million years within the 
PJQZ was calculated to be once about 
every 100,000 years. But if the 153 
million year boundary has no signifi- 
cance in terms of field reversal, seafloor 
spreading and the shape of the resultant 
magnetic anomalies, why is there a 
PJQZ at all? The first thing to be said 
about this is that the PIQZ boundary 
is not as sharp as it is sometimes 
imagined; there is no sudden change 
in anomaly amplitude at 153 million 
years. In fact, the amplitude begins to 
decrease somewhere around 140 million 
years and continues to do so fairly 
smoothly up to 155-160 million years. 
Or to rephrase this in forward time 
terms, from 160 to 140 million years ago 
the anomaly amplitude in the western 
Pacific increased fairly smoothly, 
actually by a factor of about four 

This increase in amplitude could have 
been due to a real increase in the 
magnitude of the geomagnetic dipole 
moment. Alternatively, it could have 
been the result of a gradual decrease 
in the frequency of (undetected) short 
polarity events, the presence of which 
would give an apparent reduction in the 
amplitudes of the observed anomalies. 
On the basis of the small-scale magnetic 
detail observed in the profiles from the 
faster-spreading sections of the western 
Pacific, Cande and his colleagues con- 
clude that the first of these explanations 
is the most likely Either way, the field 
of uncertainty in the western Pacific 
has been reduced, and in such a way 
as to suggest that further reduction 
may soon be possible a 


Peter J. Smith is a Reader in the Depart- 


ment of Earth Sciences at the Open 
University 


A hundred years ago 


At the last meeting of the French 
Geographical Society a letter was read 
from the Abbé Desgodins, dated 
Yerkalo, August 27, 1878, in which he 
states that, contrary to the common 
assertion which represents the sheep as 
the beast of burden most used in 
Thibet, this function belongs in pre- 
ference to the yak (Bos grussiens); the 
the mule, ass, and horse are also made 
use of. 

t 


From Nature 19, 20 February, 375; 
1879. 
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Laser isotope separation 


V. S. Letokhov. 


Institute of Spectroscopy, USSR Academy of Science, Moscow, Podol’ski rayon, Troitzk, 142092, USSR 








It is about 10 years since new methods of isotope separation by means of laser radiation were first 


proposed. In the 
Now we oe: att 


ast five years a lot of effort has been put into elaborating 
threshold of demonstrating the first pilot set-ups of laser isotope separation (LI 


realising these ЖИЛ 
In 


this review Í will try to outline the basic ideas, methods and key experiments. 


THE successful elaboration of LIS methods at the beginning of . 
the 1970s became possible only because of the development of a 
variety of tunable lasers covering a wide spectral range from 
about 2,000 A to 204m. Moreover, LIS methods pose stringent 
requirements for the parameters of tunable lasers and thus 
stimulate additional research into the development of highly. 
efficient tunable lasers. (For more detailed reviews see refs 1—5. ^ 


Ideas and various LIS methods 


АП LIS methods are.based оп a series of consecutive processes 
which start with the selective, photo-excitation of an atom or a., 
molecule of the chosen isotopic composition. Isotopically selec- 
tive photoexcitation is possible because of the difference of. 
frequencies and structure of spectral absorption lines of atoms. 
and molecules of different isotopic composition". Isotopic 
effects appear in optical atomic : spectra due to the difference of 
masses, volumes and nuclear spins of different isotopes*?. The 
difference in isotope mass which affects the frequency of vibra- 
tions and rotations of a molecule is essential for molecular 
вресіга!9-!2, Spectral lines in a gas of low pressure (less than a 
few torr) are very narrow, so that a small isotopic shift is 
sufficient. for selective excitation of the chosen isotope. 

However, there are some important exceptions (atomic spectra 
of alkaline and alkaline-earth elements, spectra of polyatomic . 
molecules with heavy, isotopes at room temperature) for which , 
special methods of narrowing of spectral lines (atomic beams?) | 
and of simplification of complex molecular (cooling of 
molecules in a gas or in a supersonic jet!^75) are applied. 
Broadened spectral lines of molecules in a gas at a pressure оѓ 
more than a few torr and in a condensed medium. are. not 
appropriate with rare exceptions (low temperature matrices") 
for isotopically selective excitation. 

The excitation of an atom (molecule) changes some of its 
physical and chemical properties (Fig. 1) noticeably. First, the 
excited atom (molecule) usually has a higher chemical reactivity 
than the unexcited one, as the acquired internal energy increases 
the probability of overcoming the energy barrier of a chemical 
reaction: The photochemical approach to isotope separation is 
based on the ability of selectively photoexcited atoms (mole- 
cules) to react' chemically’ with a suitable partner at a rate 
considerably exceeding the rate of chemical reaction of unex- 
cited ‘atoms (molecules) of another isotopic composition. This 
approach is well known and was successfully used in the photo- 
excitation of electronic states.of some atoms and molecules 
before lasers were invented!**_ 
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Second, the excitation of an atom markedly decreases its 
ionisation energy and hence selectively excited atoms can be 
ionised by additional radiation of a suitable wavelength, leaving 
unexcited atoms of different isotopic composition untouched. 
This idea forms the basis of the atomic photoionisation approach 
to LIS.” 

Third, the excitation of a molecule reduces its dissociation 
energy quite significantly and hence selectively excited mole- 
cules can be dissociated much more easily than unexcited mole- 
cules of another isotopic species. This mechanism is the basis of 
the first photodissociation methods of LIS developed” ”. 

These three main ideas are the basis of the fundamental 
actively developed trends (photochemistry, photoionisation and 
photodissociation) in LIS considered here. Several other less 
universal, but also interesting, methods of LIS use photopredis- 
sociation™®™ and photoisomerisation?? of some molecules, and 
photodeflection of the atomic trajactorv at photon absorption 
due to the recoil effect; other methods are also proposed and 
demonstrated. i 


Photoionisation methods | | 


Selective photoionisation of atoms is the most universal photo- 
physical method for selective separation of substances, parti- 
cularly isotopes, at the atomic level. A feature common to all 





- 


Fig. 1 Atem aod molecular properties which vary dating Ier 

excitation: (a) enhancement of reactivity; (b) reduction in ion- 

isation energy; (c) reduction in dissociation energy; (d) photo- 

кенеш (e) jar а n; (J) change in mechanical 
trajectory. 
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schemes for selective ionisation, is the sequence of the two йере: ` 


(1) isotopically selective excitation and (2) ionisation of the 
excited atoms. Figure 2 shows the main schemes of selective 
atomic ionisation of special interest for LIS. The two-step 
photoionisation scheme” 7 is the simplest. The three-step 
scheme may be useful for ionisation of atoms with a high 
ionisation potential using visible lasers. The photoionisation 
cross-section can be increased by tuning the frequency of the 
last-step radiation to that of-a transition to an autoionisation 
state: either a spontaneous™ or an electric field-induced™ state. 
Finally, high ee can be ionised by IR radiation™ or 
pulsed electric fields™. All these schemes have already been 


used for isotopically selective ionisation. Their advantages and 
disadvantages are not discussed here but detailed information is 
given in ref. 37. 


КЕДЕ, 


IR 
field 





Fig. 2 Wear d quis E 


lonisations of аѓоп by laser radiation; a, two-step photolonisa-' + 


tion, 5, three-step: photoionisation; c, stepwise tion :' 


photolonisa! 
through an autoionisation state; d, selective excitation of a Ryd« - ~i 


berg state and its photoionisation by IR laser radiation; e, selective .~ 
See eae en DE M Сый. 
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А great deal of attehtion has been paid to uranium isotope. 


separation (some research programmes are described in refs - 
38—42). At low density of uranium vapour in an atomic Бейт 
(10?? cm ?), a 7096 isotope enrichment of P'U uranium ions. has 


been obtained as a result of selective two- or three-step ion- ` 


isation of 22717 atoms by dye laser radiation. As the abundance of 


2351] in natural uranium is only about 0.796, such an enrichment . 


corresponds to'an isotope separation factor of about 100. The 
operating conditions of the LIS set-up at such low vapour ` 


density in the atomic beam are far from optimal and in order.to 


Obtain the necessary production capacity and high efficiency of 
the applied laser radiation the size of the equipment should be, 


very large. Similar experiments at higher density of uranium | 


vapour (10? atoms cm ?) have yielded 6% enriched ?*U (ref. 


42). This indicates that this process is well adapted to produce.. 


light-water reactor fuel but less suitable for highly enriched 
uranium. The considerable technical problems of such a method 
of urantum LIS, for instance, the high cheznical reactivity of 
uranium vapour at the high temperatures necessary to produce 
the required density should also be kept in mind. Therefore 
there are some problems in industrialising the atomic ionisation 
process of uranium LIS. But the suggestion that such a process 
will lead to the cheap production of highly enriched uranium in 
moderate-size laboratories, is somewhat exaggerated. : 
Besides the uranium isotope separation, which demands 
rather different economic technological conditions, laboratory 
experiments are being carried out on the selective ionisation of 
other: isotopes, which are potentially. useful in much smaller 
quantities, such as Ca (ref. 13), Rb (ref. 44), rare-earth*’, and 
probably transuranium elements. Effective ionisation of excited 
atoms at a moderate average intensity of the ionising laser 
radiation, on laboratory LIS set-ups presents a major problem in 
these cases. The ionisation schemes given in Fig. 2a,b cannot be 
practically applied here, and so greater attention must be paid to 
the ionisation scheme of highly excited atoms shown in Fig. 2d,c. 
The ionisation of high-lying states by. an electrical -field 
pulse?5^*^5 is the most simple and universally applied method. 
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This method of stepwise ionisation has been reported in detail 


elsewhere **? for various atoms. 

The discovery of a long-lived (~1 ns) autoionisation state in 
the ot „Gd. atoms" with its large transition cross- 
section of 107^ cm? shows that such. a scheme can sometimes 
compete with the scheme which uses the electrical pulse for 
ionisation of a highly excited atom. 

The method of multi-step selective ionisation of atoms 


. through the. high-lying sharp quantum states in the vicinity 


(below or sometimes above) of the ionisation limit is quite 
suitable for LIS, at least on a laboratory scale. 


Photodissociation methods 


Various schemes of isotopically selective shotsdiaeociation o of 
molecules through the excited and/or the ground electronic. 
state are shown in Fig, 3. These were first proposed, experi- 


' mentally tealised and used for isotope separation at the Institute ` 


of Spectroscopy of the Academy of Sciences of the USSR. They 
are now widely used both for LIS and for potential applications 
іп photochemistry, phototechnology of materials, and ‘most 
recently, in-photobiology. : S 
All these schemes are based on primary быреу selective 
excitation of vibrational states of molecules by IR laser radiation 
as long as the vibrational spectra have considerable isotopic 


- -shifts (especially for light elements). In the simplest case (Fig. 


3a) the molecules excited to the first vibrational level can be 
dissociated by irradiation of an appropriate wavelength?*^? 
following the excitation of the unstable electronic state. The first 
successful experiments on isotope separation using two-step 
(IR--UV) molecular photodissociation were carried out ой 
molecules of “NH; and NH, (refs 29, 52) and the correspond- · 
ing experiments on molecules of BC, and “BCh, were carried 
out” later. 

The disadvantage of such a method is the comparatively small 
redshift of the UV photodissociation absorption band after © 
excitation of a molecule to the first vibrational level. This limits 
the isotopic selectivity of IR+UV dissociation. This disad- 
vantage disappears when exciting higher vibrational levels due 
to the multi-step or multi-photon process (Fig. 35). This has 
recently been shown in experiments ^^ with ЭСЕ and СЕМ 
molecules using an IR CO, laser-and UV excimer laser, where 
the dissociation selectivity lias been found to be 100. - 

An impressive and productive discovery was the isotopically 
selective photodissociation of polyatomic molecules BCl,", 
ЅЕ, 2%) by intense IR CO, laser radiation: The discovery of this 
effect was preceded by studies!" < of the interaction of intense ` 
IR-CO, laser pulses with molecylar gases absorbing in the region- 
of 10 jum. It was found that under relatively intense IR radiation: ` 
during a short time (107—107? s), a polyatomic molecule.could | 
pass through the vibrational levels reaching evén the dis- 
sociation limit (Fig. 3c), without colliding with other molecules.: 
The whole process of multiple absorption of IR photons begins ` 





, E ue c HE" d 
Fig. 3 Schemes of. isotopically selective-multi-step photodimo- . 
ciation of molecules by laser radiation through an excited elec- А 
tronic state (a, b) and the electronic ground state (с, d): а, two-step ' 
IR+UV ; Б, multi-selective excitation -of high 
vibrational levels and thtir photodjssociation by UV radiation; c, 
multiple photon selective excitation айа dissociation by a single 
frequency intense IR field; d, multiple photon selective excitation 
of vibrational levels by resonant IR field and their multi-photon | 
dissociation by non-resonant intense IR field. А 
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with alow vibrational transition where there is usually a marked 
isotopic shift (atleast for isotopes of light and moderate masses). 

By choosing an appropriate IR-radiation frequency е. dis- 
sociation of some isotopit molecules can ‘be achieved. The case 
of isotopic SF, molecules iš ‘shown in Fig. 4. When the frequency 
of ‘powerful ‘CO, laser radiation with ‘pulse energy of 


several J cm ^ is tuned to the absorption frequency of the chosen: 


isotopic molecule, preferential photodecomposition takes place. 
This is demonstrated by the change of the isotopic composition 


(enrichment) of the undissociated SF, molecules and of products: 


formed as a result of dissociation. 

Much information about isotope separation by dissociation 
has been obtained using multiple photon absorption of IR 
radiation for a large ‘number of polyatomic molecules, including’ 
BCl, (refs 55, 62, 63), SF, (refs 56, 64, 65), O#O, (ref. 66), CCL, 
(ref: 67), SiF, (ref. 63), C;F4Cl; (ref. 63), CHNO, (ref. 68), 


МоҒ, (ref. 69), H,CI;C; (ref. 70), H2GO (ref. 71), ЅеЕ, (ref. 72),: 
СЕ, (refs 73; 74). The dissociatioh of SF;'molecules; in.parti-' 
cülar, has been widely investigated. A detailed description ofthe: 


method of Oe S fuer ‘photochemistry i is given ‘in refs 
4,5,75. «^ 


"The abündáiüce' of ышын ойбай ianiitions in а 


polyatomic molecule (which increases sharply after absorptiorf 
of several IR photons) is the main reason for this ready absorp- 


tion of many photons up їо ће dissociation limit. There is nó 


such multiple absorption: of IR' photons in simple (two- or 
three- atomic) molecules where the number of ible vibra- 
tional-rotational ‘transitions is limited. An excited polyatomic 
molecule absorbs IR photons by many different vibrations which 
leads to a strong excitation of a large number of (perhaps all) 
vibrational degrees of freedom. In this case the high vibrational 
temperature tan be assigned‘to the excited molecules (thermal 
model'^75), and its dissociation-can be described by the well 
known theories of monomolecular reactions?" ^ 

-An important modification’ of this Hehel" is the scheme 
shown in Fig. 3d, when dissociation is carried out by two pulses 
of IR radiation at different frequencies”. In this way it is 
possible to separate the functions of isotopically selective exci- 
tation of a molecule and the dissociation of selectively excited 
niolecules. For selective excitation of a’ molecule; radiation-of a 
finely tuned frequency o; and intensity i is'required. Dissociation 
of selectively excited molecules requires intense radiation of 
only roughly controllable frequency оз. In this case, isotopic 
selectivity of dissociation is enhanced as strong non-resonant 
radiation at/frequency a, does not perturb the resonant tran- 
sition at frequency а. This method is particularly important for 
isotope separation of heavy elements. Recent experiments? on 
OsO, moleculeé have shown that it is possible to obtain a 
separation seléctivity of aboüt 1.6 using two-frequency dis- 
sociation, provided all the parameters are chosen correctly; for 
one-frequency dissociation, however, when'a natural mixture of 
isotopic molecules is irradiated, no isotopic selectivity is 
obtained. ee 

* Recent experiménts*™ ; on multi-photon dissociation of ОЕ; 
molecules by 16 шт radiation pulses of a CF,-laser, that is at the 
frequency of the vibrational band у; of UFs, were carried out 
according to the simplest scheme of dissociation in a single 
frequency IR field (Fig: Зс). Dissociation characteristics 
(threshold energy, yield)' resemble in many respects the cor- 


responding characteristics for SFs. The next-obvious step is to” 


obtain the required dissociation selectivity (dbout 4) using the 

more delicate schemes of dissociation shown in Fig. 3b,d. A 

more reliable way of increasing the UF, dissociation selectivity 

is to use dynamically cooled UF, to provide distinct resolution of 

ane absorption lines of BUF; and E. 
ref 83). 


Photochemical methods 


So far, the possibilities of photochemical isotope pedi 
have been shown by using the excitation of atomic and molecu- 
lar electronic- ‘states’ and ‘of molecular vibrational levels. 
However, ‘in spite of the optmism of the early research; the 
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Fig. 4 The infrared spectra of SF, before (a) and after (b) irradi- 

ation by focused pulses of TEA СО, laser. The number of laser 

shots was chosen so as to ise the concentrations of “SF, and 
6 (ref. 56). 


actual advances made seem much less impressive than for the 
photophysical (photoionisation and photodissociation) methods 
discussed above. 

The chemical reactions of electronically excited atoms and 
molecules have been studied for many years—especially before 
the application of lasers. The photochemical isotope separation 
of Hg excited by the 253.7-nm resonance line has been success- 
fully demonstrated with a variety of reagents’**. For example, 
Pertel and Gunning” were able to enrich??Hg from 30% of its 
natural abundance to 8596. The kinetics of the photochemical 
reactions of Hg are so complex that even the most extensive 
work does not yield a complete mechanism. Successful experi- 
ments on isotopic separation of nitrogen” (or resonance lamp 
for excitation of NO) and carbon (iodine resonance lamp for 
excitation of CO) have subsequently been carried out. An 
enrichment factor of ~4—6 has been achieved. 

Laser sources for photochemical isotope separation have 
many obvious advantages over incoherent sources. The broad 
tunability and high ultimate resolution of lasers give a compara- 
tively free choice of absorption lines, while permitting the 
highest possible &electivity. This makes the process of photo- 
chemical separation of isotopes much easier. It is basically 
impossible to carry out photophysical experiments of LIS with 
the usual noncoherent sources of light, because their low radia- 
tion temperature means they caünot.sufficiently populate the 
intermediate quantum states and hence cannot provide the 
effective multi-step process of excitation. 

Several successful experiments on laser photochemical 
enrichment have been reported. The most interesting results 
have been obtained in experiments on photochemical separa- 
tion of **Cl апа CI through isotopically selective electron 
excitation of ІСІ molecules by cw dye laser radiation****; For 
example, in: ће case’ of selective photo-addition of ICI to 
acetylene, an enrichment factor of "Cl of 100 was obtained™, in 
the photoproduct C,H,ICL Both stable chlorine isotopes can be 
enriched to more than 9796 purity in a single step, starting from 
natural samples. This is a most promising result in isotopically 
selective electronic photochemistry. 

- Therate of a chemical reaction may be substantially enhanced 
by vibrational excitation of the reactant molecules, and it was 
suggested as a method for LIS in 1963 (ref. 89). However, the 
first successful experiment was not until 10 years later” when 
35C] was enriched by enhancing the reaction of Br atoms with 
vibrationally excited H?*Cl. An HCI-pulsed chemical laser was 
used to excite НСІ from v € 0 to v 1 and to v = 2. For equal 
pressures of Br and HCI a separation factor of 2 was observed. 
Recently; carbon isotopic enrichment was also observed in the 
reaction of vibrationally excited CH4F molecules with bromine 
atoms", Although the observed enrichment factor was small, 
this experiment is interesting from the point of view of using a cw 
IR laser for LIS. 
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Fig. 5 The dependence of the average energy & absórbed by 
CF4I molecule (curve 1, right scale) and of the primary dissociation 
i yield at 0.2 torr СЕ, (curve 2, left scale) on the energy of the CO; р 


I 


Pumping of ВСІ, molecules in a mixture of BCl,-- H;S (or. 
1:5) by a focused, pulsed CO, laser, which probably а 
vibrational levels, caused separation of boron isot A 
Clearly this experiment is intermediate between single-photon 
IR.photochemistry in a weak field” ** and шире photon IR 
pd in an intense field. — 

Df. 


Potential advantiges of LIS 


The laser method of isotope separation has severa potential 
advantages over the more traditional methods (see ref. 93). 

'(1) High selectivity of elementary processes of separation. 
The separation selectivity on one stage a in most traditional 
methods is very small: а —1« 1. Therefore, many stages of 
separation N are needed to obtain a high enrichment, factor 
K — a" » 1. Laser methods provide a % 1, which reduces the 
number of separation stages in most cases to only one or-two, 

(2) Possibility ‘of extracting the desired isotope leaving other 
isotopes untouched. When the element has a few isotopes with 
intermediate masses, we can extract only the desired isotope 
using a tunable laser leaving other isotopes untouched. This is of 
particular importance when enriching rare and/or intermediate 
isotopes. 

3) Low energy consumption. LIS. methods consume. ~107- 
10° eV per separated atom (at-1-10% laser efficiency). Energy 
consumption per separated atom in most traditional methods is 
10-10* times higher. 

(4) Short starting time. Steady-state operating conditions for 
most laser methods are achieved immediately. The starting 
period for traditional methods can be at least several months. 
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(5) Possibility of running remote separation process using 
only laser radiation. The absence of traditional separating 
elements in laser methods leads to minimal contact of the en- 
richment material with the equipment surfaces, and hence.to 
minimal contamination. This is particularly important for the 
separation of radioactive isotopes and for the management of 
radioactive waste of nuclear reactors. . А 

(6) Universality. The efficiency of most traditional methods 
depends, оп, the mass of the product enriched. Most laser 
methods can be used with almost equal efficiency for isotope 
separation of any element, whether light or езу. 


Experiments on a practical scale 


However, not all laboratory-scale LIS methods are promising 
for industrial isotope separation. For industrial scaling the 
method should have at least two features: first, generation of 
laser radiation at-a power level ranging from, 1 kW to 1 MW 
(depending.on the required productivity of the separation set- 
up} Second, laser equipment which is. economical and 
sufficiently reliable during use... 

These two requirements limit the number ot LIS experiments 


‚ that can be carried out on an industrial scale using existing lasers. 


From this point of view the most promising method is based on 
isotopically selective dissociation of polyatomic molecules in an 
intense IR field. The simplest and inexpensive- gas flow TEA 
CO, lasers, with total efficiency of 5-10% and average power of 
up to 1kW may be used. Initial experiments" on isotope 
separation with a pulsed СО, laser of average power (up.to 
1 kW) and high repetition rate (up to 180 Hz) have shown that 
comparatively high isotopic selectivity of dissociation can be 
obtained in these conditions. 

Furthermore recent experiments”? with CFI show that the 
following theoretical parameters of multi-photon isotopically 
selective dissociation can be realised: (1) minimum energy 
consumption equal to the dissociation energy of the weakest 
molecular bond (2 eV); (2) ultimate (almost 100%) dissociation 
yield of molecules in the irradiated volume at moderate energy 
flux of IR radiation; (3) high selectivity of dissociation >30) at 
comparatively high (5-10torr) total pressure of gas; (4) 
significant extraction (about 5096) of the chosen rare isotope 
C C) without substantial decomposition (« 296) of the remain- 
ing molecules ("CF4D); (5) elimination of secondary photo- 
chemical processes which could destroy the high selectivity of 
primary dissociation. The key characteristics of multi-photon 
dissociation of CF,I molecules, which are most important for 
carbon isotopic separation on a practical scale, are shown in Fig. 
5; which shows the dependence of the primary dissociation yield 
of CF,I molecules on the energy of the CO,-laser pulse, as well 
as dependence of the-average energy & absorbed by the СЕМ 
molecule on the radiation energy. Clearly when the absorbed 
energy é is greater than the dissociation energy D, almost all the 
CF,I molecules are dissociated. 

These results show the potential of the development" of an 
installation for isotope separation based on a CO, laser. The 
simplicity and technological advantages of the LIS method will 
ensure its early industrial application. 


- Isotopes for nuclear energy 


The isotopic enrichment of 2330] for power generation in nuclear 
reactors is the most economically important, objective of LIS. 
World fuel requirements for nuclear reactors, between now and 
the year 2000-are estimated to be-—6 M tons of U,O,. Enrich- 
ment cost estimates for processing this ore amount to ~150 
billion US $ (refs 3, 96). An efficient laser enrichment scheme 
could cut -these costs dramatically. Several laboratories are 
therefore experimenting with various schemes for ‘LIS of 
uranium. As mentioned above, both the atomic process of 
uranium LIS***? based on photoionisation and the molecular 
process, based on photodissociation of UF, molecules*^* are 
being investigated very extensively. — . 

Large quantities of D;O are needed for heavy water nuclear 
reactors, which can use natural uranium fuel. The current world 
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Fig. 6 Types of selective photophysical 
and photochemical laser processes and 
their applications. 








production capacity is >10° ton yr '. The 800 tons of D;O 
required for a 1 GW power reactor cost ~$100 m and account 
for 15-2096 of the total capital cost. Canadian engineers esti- 
mate that they will need more than 4x 10? ton уг”! for their 
reactors”. This means that new effective methods of hydrogen 
isotope separation must be found. However, it should be kept in 
mind that as the present production costs per atom of D are 
1,000 times less than those for ?*U, it will be much more difficult 
to develop an economically viable process for D. The very low 
content of deuterium (1/5,000) in natural water demands rather 
high separation selectivity (~1,000) for economical LIS, that is 
several hundred times more than for uranium. Nevertheless, the 
possibility of hydrogen LIS by photopredissociation of HDCO 
using tunable UV laser radiation" ^, and by multi-photon 
dissociation of polyatomic molecules by CO; IR laser radia- 
tion'9? is under investigation. 
In the future we must also consider applying LIS methods to 
produce monoisotopic materials of isotopes with low-neutron 
cross-section for instance titanium isotope separa- 


tioni?! 


Conclusion 


It would be difficult to compare in detail the different methods of 
Igser isotope separation without considering specific isotopes or 
classes of isotopes. Comparison of the methods under 
development with those already existing is especially compli- 
cated. Laser methods are clearly better for separating isotopes 
that cannot be satisfactorily separated by existing methods, that 
is less abundant isotopes and the transuranium elements. Major 
technological progress in tlie separation of many stable isotopes 
in comparatively moderate quantities seems to be imminent. In 
the case of isotopes needed in large quantities for nuclear energy 
(uranium, deuterium), the situation is still somewhat uncertain. 
When comparing separation methods for specific isotopes we 
must keep in mind the level of existing laser technology. In all 
cases the development of large scale LIS is limited by the ener 
nt lasers. We need ahg laser powers within 10. 

W to produce only 1 ton уг. In fact, progress in laser 
nuls may change the situntion rather drastically. An 
accurate prediction of the most feasible method of future large- 
scale laser separation of isotopes cannot be made with certainty 
given the present state of laser technology. 

It is appropriate to emphasise that the selective photophysical 
and photochemical methods for laser isotope separation will find 
fundamental and practical application well outside the isotope 
separation problem. -With laser radiation it is possible to use 
various photoprócésses (separation, chemical reactions, detec- 
tion of atoms, molecules and molecular bonds) selectively in 
substances at atomic-molecular level with respect to various 
chemical ` elements, isotopes, nuclear isomers, molecular 
stereoisomers, ortho- and para-molecules, and so 00102, We 
aie essentially dealing with a new approach'to the technology of 
materials at the atomic and molecular level when one can use 


laser radiation-to manipulate atoms end molecules of a parti- 
cular type directly—one can collect macroscopic amounts of 
matter ‘atom by atom’ and ‘molecule by molecule’. 

Besides selective chemical reactions and selective separation 
of substances at the atomic-molecular level, the process of 
selective detection of atoms, molecules and molecular bonds is 
very important. The various procesaes of selective laser photo- 
physics and photochemistry are summarised in Fig. 6. Iso- 
topically selective photophysical and photochemical processes 
are currently progressing very rapidly; these and their less 
evident applications are reviewed in ref. 104. Selective laser 
photoprocesses open new possibilities to related subjects, such 
as nuclear physics, spectroscopy, molecular biology, chemical 
technology and biochemistry. Some of these processes, such as 
laser identification of nucleotide sequences in DNA, and laser 
selective biochemical processes are becoming as important as 
isotope separation by lasers. 
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In a VLBI experiment, using the’ Westerbork synthesis 
radio telescope as a total power array and the Effelsberg 
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MOST powerful extragalactic radio sources with normal radio 


spectra consist of two extended lobes of emission more or less 


symmetrically disposed with respect to the parent galaxy or 
quasar. Often there is also a weak compact component coin- 
cident with the optical object. In several.cases high resolution 
observations have indicated the presence of one or more regions 
of enhanced surface brightness, usually near the outer edges of 
the radio lobes. It is generally agreed that such ‘hot-spots’ 
represent regions where radio-emitting electrons .are 
accelerated and supplied to the extended regions of the radio 


lobes, and-several different theories have been put forward to 
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explain their origin (for example, regions where beams of rela- 
tivistic particles or low- -frequency electromagnetic waves 
impinge on the intergalactic medium’; regions of plasma turbu- 
lence^; or supermassive objects ejected from the nucleus**). 
Detailed studies of hot spots are clearly important for an under- 
standing of the evolution of radio sources. 

Previous investigations of the statistical properties of hot 
spots in 3CR sources have been carried out using the techniques 
of aperture synthesis.and of interplanetary scintillations (IPS). 
From synthesis observations at 5 GHz it has been reported" that 
the fractional source intensity contributed by hot spots cor- 
relates well with total source luminosity at 178 MHz, such that 
hot spots account for nearly all the. emission in the most 
luminous sources. Observations of IPS at 81.5 MHz indicate® 
that the physical sizes of hot spots may increase with increasing 
source luminosity. But because of the strong. correlation 
between luminosity and redshift in the 3CR sample, the proper- 
ties of hot spots noted above correlate as well with redshift as 
with luminosity, and if the physical sizes of hot spots do not 
change with redshift the IPS results can also be interpreted to 
imply’ a value of до, the decelaration parameter, in the range 
0.5 € qo «2. However, the properties ascribed to hot spots in 
sources at low and high redshifts may not always refer to similar 
physical features in their brightness distributions". This is par- 
ticularly true if the individual lobes of radio sources were 
physically smaller at.earlier epochs. As the lobes of many radio 
sources at high redshifts (2.20.5) are often only 1 or 2 arcs in 
angular extent the existing aperture synthesis and IPS obser- 
vations cannot indicate whether the observed components are 
true hot spots without any extended lobes around them or 
whether they bave finer structure in them attributable to hot 
spots. Ángular resolution considerably better than 1arcs is 
therefore necessary to answer this important question. 

We report here observations of the lobes of high luminosity 
3CR sources carried out with a very-long-baseline inter- 
ferometer (VLBI) system using the Westerbork synthesis array 
and the Effelsberg 100-m antenna. Compact components 
containing significant fractions of the total flux densities in sizes 
50.15 arcs have been detected in the lobes of several radio 
sources of large redshift. These compact components have 
luminosities comparable to those of hot spots in nearby sources 
of similar total luminosity. There is, however, some indication 
that the physical sizes of these hot spots may have been smaller 
at earlier epochs, ш to the inference drawn from the IPS 
results. 


The source sample 


A total of 35 radio sources was observed. This included 27 
quasars: all those (except 3C191 and 3C207) in the 3CR sample 
of 200° that have (1) redshift z 0.5; (2) radio spectral index 
a « —0.5 (defined as Sav") throughout the frequency range of 
80—5,000 MHz; and (3) no known low-frequency cut-off down 
to 38 MHz. The other eight sources observed were galaxies 
satisfying the above criteria, with the redshift estimated in most 
cases from the cal ‘magnitudes. The sources have a 
luminosity 29 х 10“ WHz "ar^! at 178 MHz and nearly all of 
them are known to be standard double sources with component 
separations >1 arcs. 


The interferometer system 


The Effelsberg 100-m telescope and the 1.6-km Weaterbark 
synthesis radio telescope used in total power mode formed the 
elements of the VLB interferometer for these observations at 
1,417 MHz (see Table 1). The observations took place between 
15.00 UT on 31 March and 15.00 UT on 2 April in 1978. The 
polarisation was linear in PA 0° on the sky. 

Total power operation at Westerbork -was achieved by 
coherently adding the signals from the Y dipoles of the 14 
telescopes in the array after IF conversion to baseband. The 
added baseband signal was fed directly to the format unit of the 
VLBI recording terminal. A full description of the adding 
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Table 1 Elements of the interferometer 





System 
Antenna 
. diametér at zenith Sensitivity 
|, (m) (K) (ку!) 
Effelsberg - 100 75 1.5 
Westerbork `- 93* -85 1.4 


EEDE E E ES 
feie а оаа а 
diameter 25 m. 


system is given elsewhere”. ‘Steering of the telescope in delay 
and fringe rate (after phase offsets for the individual telescopes 
had been determined) was carried out in the last IF stage—the 
normal mode of operation for the Westerbork telescope. The 
fringe stopping centre, the delay centre, and the centre of the fan 
beam were identical on the sky. The onentation and half-power 
width of the fan beam are functions of the hour angle and 
declination of the source; at zenith on the meridian the beam 
width is 22 arc s east-west and 22 arc min north-south. 

Up to four short observations, each of ~10 m duration were 
made for each source at different hour angles within the +6 h 
range at Westerbork. Observations of calibrators were inter- 
spersed at regular intervals throughout the period. In cases 

where the width and orientation of the Westerbork fan beam 
encompassed both lobes of the source, a single observation of 
the whole source was made. In other cases observations of each 
lobe were made independently. 

The Effelsberg—Westerbork interferometer is 1.26 MA in 
length at the observing frequency, giving a fringe spacing of 
—0.16 arc s. The length of the baseline changes very little with 
hour angle, but the orientation changes considerably, allowing 
опе to say whether any particular source is non-circular in 
structure. 

The recording of the signals was carried out with the standard 
Mk IIC VLBI system with а bandwidth of 2 MHz and the 
subsequent cross correlations and data reduction were done at 
the Max Planck Institute for Radio Astronomy. A hydrogen 
maser oscillator at Effelsberg and a rubidium oscillator at 
Westerbork provided the time and frequency standards. 


Calibration of the data 


The correlated бих density scale was calibrated using the sources 
NRAO140, 4C39.25, OQ208, 3C345 and 3C454.3. Table 3 
lists the calibrator sources, the number of times they were 
observed, the total flux density as measured at Effelsberg during 
the observations and the flux density in compact components. In 
NRAO140 and OQ208 the compact components supply the 
total flux density. Measurements of the larger scale structure in 
3C345 and 3C454.3 by Davies et al. were used to remove the 
contribution of these steep-spectrum resolved components to 
the total flux density. Available spectral information on 
4C39.25 was used to remove the contribution of a steep- 
spectrum component. The calibration factor for all five sources 
has an r.m.s. scatter of ~6%. Removing OQ208 reduces the 
r.m.s. scatter.to —296; this implies that the measured flux for 
OQ208 may be too low. The measured r.m.s. scatter in ampli- 
tude from one scan to another for the individual calibrators is 
~4%. 

Checks оп the calibrator sources indicated that there was no 
loss in fringe amplitude due to phase drifts in the oscillators 
(primarily the rubidium) on time scales of 10 m. Consequently, 





Table 2 Geocentric coordinates of the observatories 





Observatory X (km) Y (km) Z (km) 
Effelsberg 4,033.778 — 486.995 4,900.529 
Westerbork 3,828.674 ~ 443 226 5,064.916 





` The X-axis points to latitude 0°, longitude 0°; the Y axisto latitude 0°, 
longitude 90°; and the Z axis to latitude 90° 
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each observation on the extended sources was integrated 
coherently for the duration of the observation, typically 10 m. 
The r.m.s. noise in correlated flux density for a 10 m coherent 
integration was observed to be.3 to 4 mJy, allowing reliable 
detections of compact.components as weak as 15 to 20 mJy. 
The X and Y components of the baseline were determined by 
least-squares fitting to the fringe rates for the calibrators, and a 
crude estimate of the Z component was made from the delay 
function corresponding to the 2 MHz recorded bandwidth. The 
X, Y, Z parameters of the individual telescopes are given in 
Table 2. The r.m.s. scatter in the fringe rates of the calibrators 
about zero residual fringe rate is +1.mHz assuming the best fit 
basé¢line. This means that the pointing of the beam centre is 
known to that accuracy in the fringe rate variable. This is 
sufficient to distinguish, in many of the sources: observed, 


between a compact component at the centre of the beam апа. 


one in ån outer lobe. 

The width and orientation of the Westerbork безш were 
calculated for each Obsetvütion. In cases where components 
were detected away from the beam centre their flux densities 
were scaled according to their positions in the beam. 


Correlated flux density from hot spots 
and nuclear components 


The correlated flux density for each observation was determined 
from the fringe frequency spectrum obtained by transforming all 
the data for that observation. A comparison of the residual 
fringe frequency for each significant peak i in the spectrum with 
the expected values for components in the individual lobes and 
at the location of the optical object enabled unambiguous 
identification of the observed VLBI components in most sources 
in which the lobes are separated by 2:10 arc s; 

Correlated flux density exceeding a signal- -tó: noise ratio of 5 
was detected in all the sources observed except 3C41 for which 
only & single 10m observation was available. The results for 
sources in which at least one hot spot is likely to have: been 
detected in the outer lobes are presented in Table 4a. Thé 
observed components have been identified in Table 4' by the 
letters À, B or N which refer respectively to the western lobe, the 
eastern lobe and the nuclear component associated with the 
optical object. Other relevant information listed in Table 4 is the 
optical identification, the redshift, the angular separation 
between the outer lobes, 045 (taken.from ref. 12 and references 
therein), the measured total flux density at 21.cm and the flux 
density in the nuclear component at 6 cm as measured by the 
Cambridge 5 km telescope. A blank in column 6 implies that a 
nuclear component was not detected at 6 cm and a question 
mark implies that flux density in the nuclear component’cannot 
be determined unambiguously. The number of different bour 
angles at which the VLBI observations were made is given in 
column 7 and the maximum. correlated flux density for each 
component is listed-in column 8. A more detailed table giving 
the measurements at each observed U, V point will be published 
elsewhere. The errors. quoted in column 8 are.a quadratic 





Measured total 

|. No. ої flux density Unresolved 

Source scans (21 cm)*- flux density 
| ay) "ay 

NRAO 140 2 3.66 3.66 
4C39.25 27 253^ 2.05 
00208 5 0.81` 0.81 
3C345 2 7.39 6.77 
3C454.3 тт 10.86 





"For an assumed sensitivity of 1.51:£0.06 K Jy ^. This value was 

from the measured antenna temperatures at Effelsberg for- all 

дел spore ate арсен рео ыкы ЫНЫ 
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combination of 496 of the total flux density and the r.m.s. noise 
for that observation. 

Sources for which the sated VLBI components are likely 
to be associated with nuclear components are listed in Table 4b. 
As can be seen from Table 4a and b. the correlated flux density 
measured by us in the nuclear components at 21 cm is in general 
less than oronly slightly more than that measured at 5 GHz with 
the Cambridge 5-km telescope. This agrees with the generally 
accepted result that most nuclear components have flat or 
inverted radio spectra at these frequencies. We also find that the 
variation in correlated flux density with: hour angle for the 
nuclear components is in general small, implying that these 
components are unresolved with the present baseline. 

In a few sources, mainly those for which the overall radio 
structure is not well determined, it is not possible to make 
unambiguous identifications of the observed VLBI components 
with known features in their brightness distributions. In the case 
of 3C43 and 3C454 the correlated flux density shows little 
variation with hour angle and corresponds to ~26% and ~16% 
of the total flux at 21 cm, respectively. The overall sizes of the 
sources dre <1 arcs and the total spectra are straight between 
2 MHz and 5 GHz with no sign of a flattening at high frequen- 

3 The observed VLBI components in these sources. are 
ае, unlikely to ре associated with flat spectrum nuclear 
components. 

In the case of зС186 ошу de northern component (A) of the 
100 arcs double!* was observed. This component lies close to 
the QSO and could itself be double with a component separation 
of 1.8 arc s (ref. 15). It is uncertain whether the weaker southern 
lobe is. physically related to the QSO. The maximum observed 
correlated. flux density is~22% of the total at 21 cm and is 
unlikely to arise in a flat spectrum nuclear component as there is 
no observed flattening of tig total spectrum at high frequen- 
cies? 

The overall size of 3C216i is «1 arc s and the total spectrum 
which seems to flatten out at frequencies above 1.4 GHz (ref. 
13) is consistent with all the correlated flux arising in a flat 

nuclear component. 

.3C245 (815 = 5") has a D2 type structure; the component В 
being coincident with the QSO’?. The correlated flux density 
corresponds to ~47% of the goes and could be керш with 
component B. 

A map of 3C380 at 15 GHz (ref. 17) shows dix source to bea 
double with a component separation of ~1.2 arc s, the stronger 
component possibly coinciding with the QSO. The VLBI 
component seems to be partly resolved and could ре associated 
with the nuclear component. 


Comparison with Cygnus А · 

It is interesting to compare the properties of hot spots in sources 
of large redshift with those in the well observed source Cygnus 
A, which is a relatively closé radio galaxy (z = 0.056) with an 
intrinsic luminosity similar to that of the QSOs observed here. 
Aperture synthesis observations at 5 GHz indicate'* the 
presence of four hot spots in Cygnus A with angular sizes 
between ~1 and 2 arcs. From the available spectral information 
it is estimated that at 1.4 GHz е ћої spots together should 
account for about 19% of the source flux density, most of which 
is contributed by two most prominent hot spots numbered A 
(~7%) in the Np lobe and D(~ 10%) in the Sf lobe’*. These 
spots have physical sizes between about 2 and 3 Ерс. Higher 
resolution observations at 15 GHz (ref. 19) indicate little 
significant structure on a more compact scale. 

From the present VEBI observations it is not possible to 
estimate the exact shapes of the hot spots or the fractional source 
flux density which they contain. As the length of the projected 
baseline does not change significantly over the hour angle range 
of these observations, the interferometer is sensitive to similar 
angular scales in most sources. At the mean projected baseline 
of 1.2х10*%А the normalised fringe visibilities of gaussian 
structures with half-in . diameters of 0.05, 0.1 and 
0.15 arc s would be about 0.74, 0.30 and 0.07, respectively. The 
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Table 4 a, Sources with hot spots; b, sources in which only nuclear components were detected 





Source Optical Redshift блв 5.021 сот) 58..3әм(б cm) No. of Maximum S,,,,(21 cm) 
identification (arc s) (Jy) (mJy) scans (mJy) 
a 

3C6.1 G (0.75) 26 3.32 20+10 1 72+5 (component B) 
9 Q 2.012 10 193 = 3 28+4 (B or N) 
13 G (0.5) 28 1.80 = 3 140+7 (A) 145+7 (B) 
43 Q 1.459 «1.5 2.79 2 3 713x31* | 
55 G (0.75) 72 2.38 — 3 6225 (A) 
68.1 Q 1.238 46 2.45 = 4 34+5 (A) 
175 Q 0.768 48 2.45 40+8 2 20+4 (B) 
181 Q 1.382 6 229 — 3 179+8 (А) 332-14 (В) 
186 Q 1.063 100 1.35 ? 4 291+12 (A)* 
196 Q 0.871 5 13.84 — 4 532+ 22 (A more likely than B) 
205 Q 1.534 16 2.29 30+10 3 317+13 (A) 
254 Q 0.734 13 2.83 — 3 112+6(А) 64+5 (В) 
263 Q 0.652 44 3.07 130+20 2 264+11 (В)  173+8 (№ 
268.4 Q 1.40 10 210 50+20 4 503+21 (A) 
270.1 Q 1519 12 2.59 ? 4 290212 (B+N) 
275.1 Q 0.557 14 2.89 — 3 70+5(A) 11646 (B)t 
280 G (0.5) 13 5.00 == 4 356 +15 (А) 
280.1 Q 1.659 22 1.38 55+10 3 23+4 (А) 4545 (М) 
288.1 Q 0.961 7 1.51 — 3 39+4(A) 4444 (В) 
330 G 0.549 56 6.62 — 1 46 +4 (A more likely than B or N) 
352 G (0.5) 10 1.84 = 3 49+5 (A, B or N) 
432 Q 1.805 13 .1 56 -— 3 45+4 (B more likely than A) 
454 Q 1.757 «1.3 1.96 ? 3 333+14* 
455 Q 0.543 3.2 2.76 ? 3 755 (A or B) 

b 

3C200 G (0.5) 17 2.02 88x15 4 1944 
204 Q 1.112 31 1.30 40+10 4 8245 
208 Q 1.109 11 2.42 5445 1 7926 
212 Q 1.043 9 2.50 3102-50 1 85+6 
216 Q 0 67 0.8 3.88 2 2 554423" 
220.2 Q 1.157 8 1.75 60415 3 118+6t 
245 Q 1.029 4.6 3.18 1,200+ 100 2 1,485 + 60* 
334 Q 0.555 48 1.96 170+20 2 180+8 
336 Q 0.927 22 2.48 30410 3 1925 
380 Q 0.691 12 13.63 ? 3 4,033 + 160* 


*See text. {May include some contribution from a nuclear component. {Мау include some contribunons from A and B. 


“maximum correlated fluxes listed in Table 4 are therefore in 

~ most cases likely to be lower limits to the flux densities contained 
in hot spots while the angular diameters of the hot spots are 
likely to be 50.15 arc s, which corresponds to $1.3 kpc at z=1 
(for H=50 kms 'Mpc™! and the Einstein-de Sitter world 
model), typical of the sources observed. 

It is clear from a histogram of the normalised maximum 
visibility (Yx) for all the sources observed here (Fig. 1a) that in 
over one-third of them the hot spots are responsible for at least 
5% of the source flux density, and in this respect are not very 
different from those in Cygnus A. The physical sizes of these hot 
spots are, however, likely to be smaller than those of Cygnus A. 
Hot spots of size >2 kpc at z > 0.5 would, in fact, have been 
completely resolved out in the present experiment. It is there- 
fore possible that hot spotssimilar to those in Cygnus A are even 
more common in high redshift sources than is apparent from the 
present number of detections. 

In view of the limited U, V coverage of the observations it is 
important to ask if the observed visibilities could arise from 
highly non-gaussian brightness distributions such as uniform 
disks or linear structures with sizes 0.15 arcs. A circular disk 
in our case would have a secondary maximum in the visibility 
curve for a diameter of 0.3 arcs with y — 0.13. As seven sources 
have у.а > 0.13, such distributions are unlikely to be true in 
general Higher visibilities at the secondary maximum are 
possible for linear brightness distributions but the values of y 
would be strongly dependent on the hour angle of observation 
due to projection effects. Only in three of the 13 sources with 
Ymax > 0.05 was the ratio of y, to Yam found to be >2 and only 


in one case 73. As the sources were observed typically at three 
different position angles differing by over 90? on the sky, such 
highly elongated components seem to be unlikely unless their 
maximum dimensions are appreciably smaller than the fringe 
separation of the interferometer. 

The minimum equipartition energy requirements in the bot 
spots of Cygnus A have been estimated! to be of the order of 
3x 107? erg. It was also shown by Hargrave and Ryle!* that for 
inferred equipartition magnetic field of ~3 x 107* G the radia- 
tion lifetime of 5 GHz electrons is only ~5x 10* yr and that 
continuing acceleration of electrons must therefore take place in 
the hots spots and the particles must diffuse out of them rather 
quickly. These arguments are also valid for the hot spots seen in 
more distant sources. As the total luminosities of many of the 
hot spots reported here are comparable with those in Cygnus A, 
the magnetic field should scale as У 7/7, whereas the minimum 
total energy and the electron lifetimes should scale as V?/7, 
where V is the volume of the hot spots. Because the volumes of 
the hot spots reported here could be more than 10 times smaller 
than Cygnus A the electron lifetimes at radio frequencies would 
be even smaller than in the case of Cygnus A. 


Cosmological implications Y 

There is considerable evidence from the observed angular size- 
redshift relationship for QSOs (see ref. 20) and the angular 
size-flux density relationship^"7 that the lobe separations of 
double radio sources were smaller at earlier epochs. It is 
important to know if such evolutionary effects may also be 
present in the sizes of individual lobes of radio sources and of hot 
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Fig. 1 The distribution of maximum observed correlated flux 

densities from hot spots, normalised with respect to the total source 

flux densities, in: a, all the sources; b, sources with z >1 and c, 

sources with z « 1. Sources in which hot spots were not detected 

have been included in the first bins (0 to 596). 3C216 and 3C380 

have not been included in the histograms and galaxies are shown 
hatched. 


spots within them. A plot of individual lobe sizes with redshift 
for the 3CR sources shows" that at high redshifts (z > 0.5) most 
sources have lobe sizes of only 1—2 arcs which is considerably 
amaller than expected in reasonable world models if the lobes 
had similar physical sizes to those at lower redshifts. Our 
detection of compact hot spots similar in intensity to those in 
Cygnus A in many high redshift sources implies that the 
component sizes measured by the Cambridge 5 km telescope for 
these sources refer to the lobes and not to the hot spots within 
them. It is therefore likely that the physical sizes of individual 
lobes of double radio sources undergo similar evolutionary 
effects with epoch as the lobe separations. 

The detection of hot spots of size 50.15 arcs in high- 
luminosity sources also suggests that the strong correlation 
between the fractional flux in hot spots and total source 
luminosity suggested by Jenkins and McEllin! for the 3CR 
sources with Class П?2° radio structure, suffers from insufficient 
resolution of the synthesis observations. For this correlation 
Jenkins and McEllin defined hot spots as regions with a size 
<15 kpc, which corresponds to an angular size <2 arcs for 
redshifts 20.5. As most radio sources at z < 0.3 have measured 
lobe sizes > 15 kpc and those at > 0.5 have lobes <15 kpc (see 
ref. 8) the 2 arcs resolution of the synthesis observations is in- 
sufficient to distinguish the contribution of hot spots from that of 
the more extended lobes at higher redshifts (or higher luminosi- 
ties). But due to the criterion used to define hot spots nearly all 


Table 5 Comparison of VLBI and IPS results 


VLBI 
Source Үшах Yam R # (arcs) 
3C43 0.28 0.24 0.51 0.26 
3C181 0.22 0.10 0.39 0.47 
3C186 0.22 0.09 0.51 0.32 
3C196 0.04 0.01 0.33 0.70 
3C254 0.06 0.05 . 0.33 0.64 
3C268.4 0.24 0.14 0.51 0.50 
3C270.1 0.11 0.05 0.24 0.14 
3C280.1 0.02 «0.02 0.45 0.70 
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the source flux density is considered to arise in hot spots. This 
could be responsible for much of the observed correlation. 
Because of the very different angular resolutions it is difficult to 
compare the fractional flux in hotspots derived from synthesis 
observations of nearby sources with that detected by VLBI in 
the present high redshift sample. However, it is interesting that 
the fractional flux in hotspots at 5 GHz for the 10 sources in the 
table of Jenkins and McEllin? with z « 0.1 varies between 5 and 
3896, with an average value of 1496, not significantly different 
from the VLBI visibilities seen in the high redshift sources. 

If the physical sizes of hot spots in Cygnus A are typical of low 
redshift sources, as is indicated by IPS observations‘, then the 
present detection of hot spots with sizes <1 kpc in several of the 
high redshift sources suggests that the hot spot sizes may also 
have been smaller at earlier epochs. Some further support for 
such a possibility may be seen within the present source sample if 
the sources are divided into two groups depending on whether 
these have redshifts greater than or less than 1, as shown in Fig. 
15, c. Although the sample is small the values of Ymar seem to be 
higher in the z > 1 sample, as might be expected if the hot spots 
were more compact at higher redshifts. The observations are, 
however, also consistent with a weak correlation between the 
fractional flux in hot spots and redshift. 

The possible evolutionary effect indicated by the present 
observations is contrary to the conclusions of Hewish et al.’ 
based on IPS observations. Their plot of the inferred angular 
diameter of hot spots for a sample of 23 strongly scintillating 
3CR sources against redshift indicated a strong deficit of sources 
with diameters «0.3 arc s at redshifts >0.7. This was interpreted 
by them to imply either that 0.5 « q9 «2.0, or if qo is to be 
smaller, the linear size of hot spots must increase with redshift. 
But the present VLBI measurements make it doubtful if the 
angular diameters derived from IPS for high redshift sources 
refer to true hot spots. This may be seen from a comparison of 
the VLBI and IPS observations for the eight sources that seem to 
be common to the two samples at z > 0.7 (the IPS data are from 
ref. 6). Table 6 shows the parameters R and y (which are 
measures of the fractional flux density and the angular diameter 
of the scintillating component respectively) derived from IPS, 
together with the values of Yme and y, in hot spots observed by 
VLBI. 

Based on a new determination of the spectrum of electron 
density fluctuations in the solar wind, Readhead et al.” have 
recently pointed out that the published values of R and 4 should 
be reduced by —4096 and —2596, respectively. The revised 
values have been used in Table 5. The values of v quoted in 
Table 5 have been further reduced by ~20% to convert the e^' 
full widths used to define the size in ref. 6 to full widths at 
halfpower. In six of the eight sources, hot spots with angular 
diameters 30.15 arcs contain at least 6-28% of the source flux 
density. The diameters derived from IPS for these sources, on 
the other hand, are generally 70.3 arc s. The angular diameters 
of the individual lobes as determined directly from synthesis 
observations with the Cambridge 5-km telescope are in most 
cases less than or of the order of 2 arc s. As all structures smaller 
than about 2 arcs contribute to IPS at 81.5 MHz, the diameters 
inferred from IPS are likely to be suitably weighted means of the 
hot spot and lobe sizes. The importance of such a blending of 
source components in interpreting the IPS results was pointed 
out earlier by Swarup and Bhandari^', but it was noted by 
Hewish and Readhead”* that the estimated values of R for 
sources of large z are considerably higher than would be expec- 
ted if blending were important. The downwards revision by 4096 
in the values of R, however, makes them consistent with the 
blending hypothesis. 

The present VLBI observations together with the overall 
source structures determined by aperture synthesis thus suggest 
that the individual lobes of double sources and perhaps also the 
hot spots within them were more compact at earlier epochs. 
Because of the tight correlation between redshift and luminosity 
in the 3CR sample it is not, however, possible to rule out the 
dependence of component sizes on absolute luminosity rather 
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than on cosmological epoch. Observations of much weaker 
samples to see lower luminosity sources at high redshifts are 
needed to decide between the two possibilities. High-resolution 
mapping of compact structures in the radio lobes may also throw 
light on the physical nature of the evolutionary mechanism. 
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krypton in Allende 


meteorite retain record of nucleosynthesis 
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Various mixtures of r-, p- and s-nucleosynthesis products 
have been observed in the isotopes of tellurium, xenon and 
krypton extracted from mineral separates of the Allende 
meteorite. The presence of several isotopically distinct 
components in.these high Z elements and the close asso- 
ciation of isotopically normal low Z elements with particu- 
lar isotopes of the high Z elements suggest that our Solar 
System may have formed directly from the debris of a single 
precursor star, approximately concentric with the present 
Sun. 





THE enrichment of heavy xenon isotopes in carbonaceous 
chondrites is always accompanied by an enrichment of the light, 
fission-shielded isotopes. It has been suggested that this 
anomalous xenon might represent a mixture of r- and p- 
products added to the Solar System from a nearby supernova'— 
previously the excess heavy isotopes were widely regarded as 
fission products, designated CCF as an acronym for carbon- 
aceous chondrite fission". More recent reports of nucleogenetic 
anomalies in the isotopic compositions of several other elements 
in теѓеогіќев?' and identification'' of the decay product of 
extinct 2А] have resulted in three different models of element 
synthesis shortly before condensation: (1) The anomalous ele- 
ments and short-lived isotopes might have been generated in 
remote nucleosynthesis events, such as supernovae!^"? or red 
giant stars!^", and then trapped in grains which were 
subsequently incorporated into the early solar nebula. In such a 
case the short-lived isotopes themselves would not necessarily 
survive until the grains entered the solar nebula, but the more 
'réfractory dust grains might survive conditions in the nebula and 
Бе incorporated into meteorites with alien nucleosynthesis 
products and the decay products of short-lived isotopes. (2) The 
anomalous elements and short-lived isotopes might have been 
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generated in a nearby supernova ^. If the shock wave from this 
supernova caused collapse of the presolar nebula, then the 
nucleosynthesis event is directly related to the birth of the Solar 
System and occurred about 4.6x 10% yr ago. (3) The Solar 
System might have formed directly from the debris of а single 
supernova!"?, In this case the anomalous elements and short- 
lived isotopes were made by the same nucleosynthesis events 
which produced other elements in the Solar System, and the 
present Solar System retains the chemical characterístics of the 
supernova: The Sun accumulated on the supernova core, iron 
meteorites and cores of the terrestris! planets were formed 
primarily from elements synthesised in the hot stellar interior, 
and the outer planets and the carbon phase of chondrites were 
condensed from elements of the cooler outer layers, the only 
region which contained low-Z elements. 

Two recent reviews??? suggest that model (2), a nearby 
supernova, has gained favour as a reasonable working hypo- 
thesis: However, the results of апаіуѕеѕ оп noble gases trapped 
іп the metal phase of iron meteorites*” and in gas-rich xeno- 
liths? from the Earth's mantle have been interpreted as 
supporting model (3). Other tests were suggested for model (3), 
including its prediction that the acid-resistant carbon which 
contains anomalous xenon should also contain isotopically 
anomalous components of other high-Z elements", 
Subsequently, Arden* has reported large isotopic anomalies of 
uranium in acid-resistant minerals of several chondrites, but it 
was uncertain whether these were generated by stellar nuclear 
reactions or by chemical fractionation of the precursor elements 
of ?*U and ?*U. The present study was therefore undertaken to 
test the prediction of model (3) at tellurium (Z = 52), an element 
with an atomic number near that of xenon (Z = 54) and with 
eight natural isotopes that are only inefficiently produced by 
fission. 

Srinivasan followed procedures developed elsewhere to 
isolate the following acid-resistant fractions from a crushed 
sample of bulk Allende weighing 11.66 g. (a) Residue A: Etch- 
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ing bulk Allende in HCl and HF acids for a 6-week period 
produced residues weighing 0.5396 of the bulk sample. Previous 
studies^^?" on Allende residues suggest that carbon, chromite, 


spinel and an ill-defined mineral О are the main constituents of - - 


residue A. (6) Residue B: Etching residue A in concentrated 
HNO, dissolved Q (refs 26, 27), leaving a residue weighing 
0.4296 of the bulk Allende sample. (c) Residue C: Refluxing 
residue B in a mixture of concentrated acids, H,PO, and H5SO;, 
for 2 h dissolved?* the chromite and spinel (and perhaps part of 
the carbon) to produce residue C, weighing 0.1996 of the bulk 
sample. (d) Dissolution of C: Refluxing residue C for 1h ina 
mixture of concentrated acide, HPO, and H3SO,, plis CrOs, 
dissolved residue C. 


t 


Nucleosynthetic products in xenon 
and krypton 


A high sensitivity noble gas mass тув тени was used to 
determine the isotopic compositions of xenon and krypton 
released by stepwise heating of a 3.1-mg aliquot of residue B, 
labelled B-1, and a 1.7-mg aliquot of residue C, labelled C-2. 
Procedures for extraction and analysis of noble gases were as 
described previously”. The isotopic compositions of xenon and 
krypton in these residues are presented in Tables 1 and 2, 


respectively. The xenon: in. both residues displays the now 


familiar pattern of enrichment in the light and heavy isotopes. 
The part (chromite, spinel and perhaps some carbon) of 
residue B which dissolved (54% by weight) in producing residue 


j 


wtot C-2 


(Amount of wotope m C-2). 


on ~ 


C is referred to collectively as spinels in Tables 1 and 2. The 
concentrations and isotopic structures of gases in these spinels 
were calculated-from differences in the isotopic compositions 
and total gas contents of residues B and-C. Superficially the 
isotopic composition of xenon and krypton in Allende spinels is 
similar to that reported recently in the high temperature frac- 
tions of Murchison residues which were etched in alkaline 
“oxidants to remove organic polymers". It was reported that 
X-ray diffraction of the severely etched Murchison residues 
showed mainly chromite and minor spinels—minerals which 
probably constitute the bulk of our Allende spinels. As was 
observed in the high temperature fractions of these Murchison 
residues’*, the xenon in Allende-spinels is enriched in Xe and 
depleted in "Xe, and the krypton in these spinels scems to be 
enriched in "Kr and depleted in "Kr. However, the isotopic 
‘composition of Kr in our spinels cannot be distinguished from 
bulk krypton in carbonaceous chondrites or їп air, within the 
limits of experimental error. A detailed examination’ of the 
xenon spectrum in Allende’s spinels is instructive in evaluating 
the, model proposed to explain the high temperature, xenon in 
Murchison's spinel—s products trapped in presolar dust grains 
that were ejected from red giant stars! ^5, 
The isotopic spectra of xenon in Allende's carbon and spinels 
are shown in Fig. 1, normalised to xenon in average car- 
bonaceous, chondrites (AVCC) in the following manner. 


gisa = (Xe/ Xe) uu / (Xe /! Xe), voc (1) 
Since the in situ decay prod of 129] may comprise part of the 
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Xe abundance, this isotope is not used to define the general 
anomaly pattern of isotopes trapped in Allende’s spinels and 
carbon. Abundances of the other xenon isotopes in carbon and 
spinels display opposite anomaly patterns. We suggest that these 
mineral fractions trapped different components of AVCC 
xenon, that is, carbon is enriched in r and p products and spinels 
are enriched in s products of the nucleosynthesis reactions which 


collectively produced the isotopes of bulk xenon in carbon- 


aceous chondrites. It seems highly unlikely that the carbon and 
spinel fractions are both interstellar grains, or that either the 
carbon or the spinels forming in the primitive nebula were 
selectively efposed to alien xenon from nearby supernovae or 
red giant stars. There are other indications that noble gases in 
Allende dh not represent alien nucleosynthesis products. 
Allende’s 
planetary isotopic itions??, and the carbon itself has a 
normal value of "C/C (ref 30). The ?Kr/'"?Xe ratio in 
Allende's siinels is 2.6, which is close. to the value of 
@kr/!™Xe= 1.8 in bulk "Allende and about a factor of 10 
higher than the value that Srinivasan and Anders! report for 
this ratio in the gas component from red giant stars. 
Variations in the abundance of the lightest and heaviest xenon 
isotopes in gas released by stepwise heating of Allende's acid- 
etched residues are shown graphically in Fig. 2. Xenon isotopes 
released from the carbon (C-2) and spinel/carbon (B-1) frac- 


tiong define different correlation lines. These do not agree with . 


the correlation shown by Lewis et al?97' for other etched 
с of Allende (dashed line in Fig. 2), nor do they pass 
the composition of AVCC or ‘trapped’ (ref. 26) xenon. 


Sce Xe may be produced by both r- and s-processes?!, it is- 


ay E normalise the xenon spectra to a pure s- 
product, "^X. 


As shown i a | Fig.3A, this method of ortas tio permits us 


to compare trends in isotopic ratios with trends expected from 


the additioh of pure s-, r- and-p-nucleosynthesis products‘to - 


AVCC xenon. Itcan be seen in Fig. 3B that xenon isotopic ratios 


from stepwise heating of our two Allende residues do not follow - 


the trend reported earlier**7’ (dashed fine in Fig. ЗА), but it can 
be seen in Fig. 3C that ratios for the fotal xenon in these residues 
seem to do so. Isotopic ratios of the total xenon in other etched 
residues of Allende also lie along the dashed line shown in 
Fig. 3A, as expected by mixing only two components. But 
isotopic ratios of xenon released by stepwise heating of indivi- 
dual residues from Allende and Murchison, as shown in Fig. 3D, 
E'and F, cannot be explained by a simple: binary. mixture. 
Kuroda? also notes that a simple binary mixture fails to explain 
isotopic ratios of xenon réleased by stepwise heating of bulk 
carbonaceous chondrites. Although the spectra in Fig. 3 confirm 
the positive correlation between enrichments of light and heavy 
xenon isotopes’, and the spectra in Fig. 1 suggest that bulk 
АУСС xenon may be represented as a mixture of one s-enrichéd 
component with one-s-depleted component, differences in the 
slopes of the correlation lines in Fig.'3 indicate thatther and p 
products of chondritic xenon were not completely mixed before 
trapping. Since the r and p processes occur in the supernova 
explosion?!, to explain these xenon spectra as a consequence of 
injections from a nearby supernova'!* would: require’ the 
preservation of heterogeneities within the supernova material 
Itself as the alien xenón was transferred into the solar nebula and 
then trapped on a matrix of isotopically'normal carbon. . 
Variations in the isotopic composition of krypton (Table 2) 
‘provide additional evidence for nucleogenetic effects in the 
residues of Allende. Since the‘anomalies in ‘krypton are rela- 
tively &mall and othezs'*?? have recently.discussed the evidence 
for s- and r-products:in krypton extracted from’ acid-etched 
minerals-of carbonaceous chondrites, a detailed discussion on 
the krypton anomalies ahoni in ше 24 їз zd warranted: . 


Nucleosynthetic dude in tellurium | 


If Allende’s carbon itsélf formed in the outer layers of a súper- 
‘nova, then other heavy elenients trapped in the carbon would be 


carbon contains helium and neon with normal, 
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Fig. 1 Isotopic compositions of xenon in Allende’s spinels (C) 
and carbon (ll) normalised to AVCC xenon (O) in tbe manner 
given by equation (1). Since ' may contain the үт situ decay 
product of !??[, it is not used to define the isotopic abundance 
pattern of trapped xedon. Carbon із enriched in r and p products of 
xenon, spineb are depleted in these, and bulk AVCC xenon has an 
intermediate abundance pattern for the eight nonradiogenic iso- 
topes of xenon. 


expected to show enrichments of r- and p-products similar to 
those observed in xenon. To test this, the abundance of six stable 
isotopes, "Te, i= 120, 122, 124, 126, 128 and 130, was deter- 
mined in Allende's residues by neutron activation and y-ray 
spectrometry on the (n, y) product '*’Te. For these analyses а 
32-mg.aliquot of residue B, labelled B-3, was irradiated for 95 h 


' at a flux of 6х 10^ neutrons cm ? s^! . Monitors of tellurium, 


uranium, ósmium and ruthenium were irradiated with the 
sample. Carriers of tellurium, iodine (to carry flasiogenic P, 
osmium and ruthenium were added то the irradiated sample 


' during etching’ tó isolate the activation products from fractions 


of the residues rich in'spinels and carbon, respectively. Standard 
radiochemical procedures were used to recover tellurium?*?* 
and iodine?, and to recover and separate osmium and 
ruthenium ^^? 5, The only special reagent, potassium chlor- 
milexathiocyanate, was prepared as described by Morgan and 
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e 2. Varstious dh sbuidances af iio Roe nd kavai 
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А ааа lio aing line a, xenon Шойорез frorn the carbon 
` residue (ii) Че along line b, and xenon isotopes in other residues of 


Allende dre reporisd*** to е along the dashed line connecting : 
* "fission-free' or ‘trapped’ xenon (О) and ‘strange’ xenon generated 
' ” by fission and mass fractionation. , AVCC; A, air., 
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Fig.3 Ratios among three xenon isotopes produced by the r, p and s processes of nucleosynthesis. A, A comparison of trends expected by the 
addition to AVCC xenon of pure nucleogenetic Components from the r, p and s processes (dark arrows) with trends reported from earlier 
on Allende residues (dashed line); B, trends observed in this study for xenon released by stepwise heating of Allende’s carbon (C-2) 

"(пе b) and carbon plus spinels (B-1) (line a); G trends observed in this study for total xenon in Allende residues: a is B-1, C-2 mixing line; D, the 


. trend observed in an earlier study” on xenon released by 


of one Allende residue (8), a is 3CS2; E trends observed in another 


stepwise 
study" on xenon released by stepwise heating of three Allende residues (О, 8) 4C57 (a), 4C56 (b) and 3CS59 (c); F, trends observed ^ in xenon 
‚ released by stepwise heating of a Murchison residue (8) (a, ICIO). Other symbols are defined in Figs 1 and 2. All error limits greater than the size 
of the symbols are shown, except for the two temperature fractions of Murchison (Fig. 3F) with low values of **Xe/'°Xe. Error limits were not 
d reported? on the latter. A, Air O, AVCC. < 
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used in the precipitation of osmium and ruthenium. Attempts to 
measure the isotopic compositions of osmium and ruthenium 
were abandoned after our results showed that these elements 
are highly enriched on the residues, ntly as a result of 
their insolubility in the etching acids", and display no large 
isotopic anomalies. 

A Ge(Li) detector and a thin-crystal, intrinsic Ge detector 
were used with a 1,024-channel analyser to determine the 
activity of each tellurium isotope relative to the activity of "?Te 
in the samples and in the monitors. The latter were prepared 
from purified TeO; (lot 766061, Fisher Scientific). Possible 
interferences which might produce '*'Te from neutron-induced 
reactions on other elements in the samples are (1) neutron- 
induced fission of uranium to produce эте and Те, (2) the 
(n, p) reaction on iodine and the (n, с) reactions on xenon, and 
(3) the (n, y) reaction on ‘Sn followed by two successive 8 
decays, Our results indicate a ?*Te concentration of 16 p.p.m. in 
the carbon and 21 p.p.m in spinels, corresponding to total 
tellurium content of 51 and 67 p.p.m., respectively, if all other 
isotopes were present in the proportion observed for terrestrial 
tellurium. The activity of fission-produced 31 and Te in each 
residue and in the uranium monitor indicate that interference 
from neutron-induced fission of uranium produces 1.1% of the 
IJ Te activity and 0.5% of tho-?Te activity in the irradiated 
carbon, and fission interference produces 0.9% of the "Te апа 
0.4% of Те аны the irradiated spinels. The results of 
our tellurium and xenon analyses (Table 1) yield atomic ratios of 
Te/Xe 5 х10* in carbon and Te/Xe~1.5X10° in spinels. 
From the amounts of radiogenic 2?Хе in these residues (Table 


L4 


à 


1) and an assumed value of 1291/1271 = 107* for trapped iodine”, 
we calculate atomic ratios of Te/I»«130 in carbon and Te/I» 
480 in the spinels. The 7I (n, p) reaction and the ?**?^Xe (n, а) 
reactions have Q values of about 0.1 MeV and 2.5-6.3 MeV, 
and they are inhibited by Coulomb barriers of about 8 MeV and 
14 MeV, respectively. Thus, each of the interference reactions 
listed under item (2) requires neutron energies above 8 MeV. 
All of the relevant croes-sections for (n, p) and (n, a) reactions 
are not known, but typically these are only a few millibarns for 
14 MeV neutrons on target elements with Z ~ 50-60 (ref. 48). 
In the position where our samples were irradiated, the flux of 
neutrons above 8 MeV is about 1X 107? of the thermal flux. 
From the atomic ratios given above and assuming cross-sections 
of 1,000 mb for each (n, p) and (n, a) reaction, we estimate 
upper limits for interference on any tellurium isotope to be 
0.03% from.the (n, p) reaction and 1x 10796 from the most 
favourable -(n, a) reaction. Concentrations of tin, the target 
element, for interference from above item (3), were not 
measured in our Allende residues. In other Allende residues 
prepared in a similar manner, the highest concentration of 
germanium, a neighbour of tin in the Group IV A elements, is 
reported to be 37 p.p.m If our Residue B (carbon + spinels) 
contained 37 p.p.m. germanium, we calculate lower limits on the 
atomic ratios of Te/Sn#11 in carbon and Te/Sn>18 in the 
spinels, assuming a solar value for the Sn/Ge ratio? and assum- 
ing that the mineral fraction being considered, carbon or spinels, 
each contain all of the germanium of Residue B. The '?Sn 
produced by neutron-capture on natural “Sn must undergo 
two B-decays before becoming an interference at ‘Те. An 
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intermediate decay product, Sb (t, = 2.73 yr), acts to shield 
12*Te from most of the "Sn decays, and we calculate an upper 
limit of 0.1% for the interference at Te from the Sn (n, y, B, 
B) reaction. Interference from he (n, 2n) reaction on “Те is 
expected to be negligible; for these reactions, О э 8 MeV. 

The results of counting data accumulated from 5 February 
1978 to 28 May 1978 are shown in Table 3, corrected for the 
fission interference discussed above. It should be stressed that 
we measured only relative abundances of tellurium isotopes in 
the monitors and in the samples. The maximum variation that 
Smithers and Krouse™ observed in isotope ratios in six natural 
tellurides and two commercial tellurium salts corresponds to a 
fractionation of only 0.0596 per mass unit, variations which 
could not be detected by the techniques used in this study. We 
therefore assume that the tellurium in our monitors has normal 
values for isotope ratios, and that the activity of each isotope, 
'*YTe, is iroportional to the abundance of the stable (n, y) target 
isotope, "Te. Thus, the activities shown in Table 3 can be 
expressed in an analogous manner to that given for xenon 
isotopes in equation (1). 


gias = ('Te/ Te), au/ (Te/ Te) anra (2) 


The results of our analyses on tellurium isotopes in Allende 
residues are shown graphically in Fig. 4. As ‘Te may contain a 
radiogenic decay product from in situ decay of a precursor 
isotope produced in the r-process, "Sn (tj = 10° yr) (ref. 51), 
the abundance of Te is not used to define the general anomaly 
pattern of tellurium isotopes trapped in these residues. No data 
are available on the isotopic composition of tellurium in average 
carbonaceous chondrites, AVCC tellurium. Therefore, the 
patterns of isotopic anomalies shown in Fig. 4A (carbon) and 
Fig. 4B (spinels), where the isotopic ratios are normalised to the 
terrestrial tellurium standard, are not analogous to the patterns 
shown in Fig. 1 for xenon in these same residues. The xenon 
spectra in Fig. 1 are normalised to an AVCC xenon standard. 

In spite of differences in reference standards used in Figs 1 and 
4, the following observations may be significant: (1) The 
nonradiogenic isotopes of tellurium and xenon in Allende's 
carbon, as shown in Fig. 1 and Fig. 4A, produce remarkably 
similar anomaly patterns. Both elements are enriched in the 
heaviest isotopes, '*°Te and 5Xe, and in the lightest isotopes, 
"Te and ‘*Xe. These isotopes are produced on a very short 
time scale by ће r and p processes in supernova explosions 7^. 
(2) The spinel-rich fraction of these minerals (Figs 1 and 4B) is 
enriched in the intermediate mass isotopes of each element, 
Xe and “Te. These isotopes are generated over long periods 
of stellar evolution by the s process!^"'. (3) The existence of 
isotopically anomalous tellurium in Allende cannot be 
explained by a single AVCC-type tellurium, since the isotopic 
spectrum of tellurium in carbon is obviously different from that 
in the spinels. (4) The spinel-rich fraction of Allende residues is 
enriched in ‘Te (Fig. 4B) but not in ‘Xe (Fig. 1). This 
apparent discrepancy between the abundances of r products in 
tellurium and xenon may indicate that etching the Allende 
residues has separated the r and p products of tellurium, just as 
stepwise gas extraction separated the r and p products of xenon 
(Fig. 3). Or this may be due to differences in the reference 
standards for the xenon and tellurium spectra, that is, it is 
possible that AVCC tellurium is systematically enriched in ‘Те 
relative to terrestrial tellurium. 


Nucleogenetic heterogeneities in element 
abundances 

In using the results of this study to evaluate the merits of 
models suggested for element synthesis shortly before con- 
densation" ?, it is imperative to consider the constraints 
imposed by earlier analyses?5 on noble gases in Allende's resi- 
dues. These measurements revealed elemental abundances of 
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Табе 3 Rabos of y-ray тети detected from actrvated teDurorm motopes 





y-Boerpes 

Carbon: Spo Carbon detected Hak-hfe 

Isotopes terrestra! terrestrial speneis (MeV) observed 

Dip, 1069226 1023419 1054414 0 573 20-30 d 

1206 — 1043225 — 1001224 1037+22 0 159 120d 

35, — 976-05 1024406 95.4405 0 035* 58d 

1277 — 10514241 1004439 1034436 0418 110d 

129 = 1000 = 100 0 1000 0696,0 027% Md 

131ге 1114+40 1175434 — 948217 0775, 0850 30h 
* Counted with mtunmc Go detector 


helium and neon which correlate linearly with abundances of the 
r products in xenon’””’’, as shown in Fig. 5, and the correlations 
yield zero values of helium and neon at ‘Xe/'*Xe= 
0.32+0.01. This value of 75Xe/"?Xe contains the range of 
isotopic ratios for planetary xenon in air, carbonaceous chon- 
drites and ureilites. It is now widely accepted that variations of 
the '*Xe/'*Xe ratio in carbonaceous chondrites may be 
nucleogenetic!?9-12-2*. and that stellar evolution selectively 
depletes low-Z elements from the hotter stellar interior". It can 
be concluded that normal, planetary xenon was synthesised in 
the hot stellar interior and that the inertness of noble gases 
made it possible for these elements to preserve a record of both 
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Ең. 4 Isotopic compositions of tellurium in Allende's carbon (li) 
and spinels (O) normalised to that in the tellurium monitor (A) in 
the manner indicated by uation (2). Since '**Te may contain the 
in situ decay product of Sn, it is not used to define the isotopic 
abundance pattern of trapped іеПипит. A, The anomaly pattern 
of tellurium isotopes in carbon resembles that observed for xenon 
isotopes (Fig. 1) in carbon; B, the anomaly pattern of tellurium 
isotopes in spinels reveals an enrichment of the s product, “Te, 
and the r product, Te. 


elemental and isotopic heterogeneities which existed before 
condensation. Most other elements formed compounds which. 
were chemically segregated into different minerals of planetary 
solids. Smali variations in the isotopic compositions of normal 
planetary xenon, as seen in bulk ureilites?^*, carbonaceous 
chondrites**, and air/^5, are identified in Fig. 5 at values of 
P*Xe/!?Xe = 0.313, 0.322 and 0.330, respectively. Correlation 
coefficients between the elemental and isotopic ratios shown in 
Fig. 5 are between 99.2% and 99.9%. It has been reported” 
that a plot of "*Xe/'?Xe against "5Xe/'?Xe for xenon in these 
same residues rave a correlation coefficient of 9896. 

We did not determine helium and neon in our study but have 
used the trends shown in Fig. 5 in interpreting our results, since 
the results of other studies on noble gases in residues of . 
Allende?7*2" and Murchison™ confirm these correlations. 
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These correlations are also seen in bulk noble gases of 
meteorites. Most carbonaceoys chondrites contain heltum and 
neon, and stepwise heating! or chemical etching experiments** 
on carbonaceous chondrites reveal the presence of an 
anomalous xenon component with ™Xe/"Xe>0.32. 
However, Marti and Wilkening” report that the stepwise 
release of gases from the Kenna ureilite revealed the presence of 
a single xenon component with ?5Xe/'??X e = 0.312, but they 
found no evidence of trapped hellum or neon although the 
ureilite contained large amounts of heavy noble gases. 


Conclusions 


The presence of isotopically anomalous tellurium in Allende 
provides additional evidence for the suggestion that isotopically 
anomalous components in xenon in carbonaceous chondrites 





(Low Z/High Z) elemental ratio 
5 
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RE. 5 Correlations between values of the isotopic ratio, 
t /???Хе, and elemental ratios of (low-Z/high-Z) noble gases 
in residues of Allende”. Measured values of elemental ratios are 
multiplied by constanti so that all six ratios can be shown A 
Values of (22Ne/'3?Xe) x 60 are depicted by OR, CHeí )x 
0.25 by (A), (22М№е/%Аг) x 4,000 by (8), (°Ме/* Kr) x25 by (0), 
(*He/) Ar) x 10 by (A), and (*He/**Kr) x 0.04 by (O). The cor- 
relations yleld zero values for the elemental abundances of helium 
and neon at a value of !2Хе/122Хе =0.32+0.01. This cor- 
responds to the '"^Xe/' Xe ratio of bulk xenon in air, carbo- 
naceous chondrites, and ureilites, as shown at "5Xe/ 7? Ke = 
0.330, 0.322 and 0.313, respectively. 


are — nucleogenetic^?7^ 7*9? rather than fission 
products^2527455* The following observations are difficult to 
explain by alien grains carrying nucleosynthetic products from 
supernovae'^ or red giant stars!^^: (1) The carbon grains have 
a normal value of !2С/?С (ref. 30), (2) the carbon contains 
anomalous xenon, krypton and tellurium and normal helium 
and neon”, (3) isotopic ratios of xenon enriched in в products lie 
on the correlation line defined by isotopic ratios of xenon 
enriched in r and p products (Fig. 3A, C), and (4) there was no 
helium or neon ín the primitive noble gas component which 
contained normal, planetary xenon (Fig. 5 and ref. 59). Trapping 
of alien nucleosynthetic elements from a nearby supernova"! 

onto a matrix of isotopically normal material can explain obser- 
vations (1) and (2), but not observations (3) and (4). The 
observation that r and p products from the supernova event are 
not mixed (Fig. 2, Fig. 3B, D-F, Fig. 4) also requites that the 
injected material remain heterogeneous as it was transferred 
from the supernova to the solar system. Even if this occurred, it 
seems highly unlikely that the abundance pattern of xenon 
isotopes from supernovae’ and red giant stars™*™ would be 
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mirror images and that these two alien forms of xenon would be 
fortuitously trapped in meteorites in which the bulk xenon 
isotopes display an intermediate abundance pattern (Fig. 1). 

The isotopically anomalous components of tellurium, xenon 
and krypton observed in this study can be understood as 
remnants of the different nucleosynthesis processes which 
collectively produced the chemical elements of the Solar 
System. The opposite anomaly patterns of xenon (Fig. 1), the 
incompletely mixed r and p products in xenon (Fig. 2, Fig. 3) and 
in tellurium (Fig. 4), the association of isotopically anomalous 
high-Z elements with isotopically normal low-Z elements, and 
the absence of helium and neon in the noble gas component with 
normal, planetary xenon (Fig. 5, ref. 59) are consistent with the 
suggestion that our Solar System formed directly from the debris , 
of a single supernova!^ 75, 
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The DNA sequences for the origins of replication of the 
lambdoid bacteriophages 680, 434, $21, and Aimm21 
(identical to 21) have been determined and compared to 
the А structure. Two presumptive elaborate binding sites for 
two initiator proteins have been identified in their outer 
sections, while a replicational primer start site seems to be 
located in their centres. 





BACTERIOPHAGE A initiates DNA replication bidirectionally 
from a unique site on its circularised genome. This site has been 
located at approximately 80% of the linear DNA molecule 
measured from the left end'*. A group of cis-dominant, repli- 
cation-defective A phages (A ori ) has been isolated**, and four 
such mutations have now been characterised by DNA sequence 
analysis?^. All are located within the A О gene’, immediately to 
the left of an EcoRI restriction site at 8196 A (ref. 8). While the 
segment of A DNA covered by the ori” mutants (comprising 63 
base pairs, ref. 5) gives a lower limit for the A origin sequence, a 
202 base pair upper, functional limit has been observed in 
hybrid plasmid cloning studies’. 

The lambdoid phages 434, 621, and $80 are genetically very 
similar, and can exchange functionally corresponding though 
not necessarily identical (or heteroduplexing) segments of their 
genomes with A or with each other'^ 7. Heteroduplexing DNA 
segments can also be observed in electron microscope analysis of 
pairs of lambdoid phage DNAs’*""*. In particular, the regions 
surrounding the origins of replication, although located at 
somewhat different positions within the various phage DNAs, 
form heteroduplexes among the subgroup A, 434 and $21, 
whereas the corresponding region of 680 DNA seems to be 
different, and heteroduplexes with A only in a right-hand section 
of that region. Genetic observations'? also indicate exchange- 
ability of the analogous gene O products among A, 434 and $21, 
while the $80 O function is not exchangeable with any of the 
others. The $80 O protein is also different in size". The 
products of the various P genes located to the right of the O 
genes can, however, be exchanged among all members of this 
group (even if only asymmetrically in one case"), although 
functional differences can still be detected'*. 

While the origin of replication constitutes at least part of the 
replicator structure as proposed by the replicon hypothesis’’, 
the phage coded proteins O and P seem to fulfill the role of 
specific initiator proteins also predicted by this model. And the 
specific binding of the phage's own initiator protein(s) to its 
replicator structure seems to determine at least in part the 
individuality of these phage replicons, as being distinct from the 
cellular genome. In addition, besides the requirement for a 
supercoiled, circular DNA substrate", initiation of A replication 
has been shown to depend on local transcription at or near the 
origin of replication (transcriptional activation) 7*. When 
initiated, A DNA synthesis requires most of the proteins that are 
essential parts of the Escherichia coli replication machinery, 
including dnaB, dnaG, and dnaE (polymerase Ш)'“. 

Detection (in a colE1-A hybrid plasmid system) of a second, 
unconnected replicator element located within the cII gene has 
led us to redefine the A (lambdoid) origin of replication as a 
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signal structure that constitutes (only) the start site for a repli- 
cational primer synthesis, most probably catalysed by dnaG 
coded primase?. DNA strand separation is a prerequisite for 
daughter strand DNA (or RNA) synthesis, and by definition the 
origin of replication in a preceding step must also be the origin of 
strand separation during initiation; strand separation also seems 
to be required for the action of ргітаѕе?° We assume, therefore, 
that facilitation of local DNA strand separation, and hence 
exposure of a promoter-analogous primase binding site^^^, will 
be a basic property of the origin of replication. In addition, it 
may possibly also be involved in attachment of the DNA repli- 
con to a structurally organised replicatien site (replisome), and 
in protection of the nascent replicational primer 5'-end (for 
discussion see ref. 28). 

To look more closely at the lambdoid origin of replication we 
have sequenced the 434, 621 and $82 origin segments and 
compared them to A (ref. 6). On the basis of this analysis, the A 
(lambdoid) origin of replication can be ceduced from structural 
considerations to consist of 156 base pairs, extending in both 
directions from its 63 base pair minimum, and included within 
the 202 base pair maximum size as mentioned above. 


Aligning lambdoid origin DNA 
sequences in parallel 


The various origins of replication were sequenced using the 
dimethylsulphate /hydrazine technique’ (Figs 1 and 2). The 434 
and $21 sequences are almost identical with A, but the $80 
DNA sequence differs from the others fcr most of its length. All 
four DNA sequences, however, are identical or at least nearly 
identical (see boxes in Fig. 3) in several stretches within the 
functional limits of the A ($21) origin". The largest of these 
stretches is 31 base pairs long with only two internal A/@80 
non-homologies (one is also found in 621 DNA), and includes 
the EcoRI cleavage site common to ali of them. The coding 
frame for this part of the O gene sequence also seems to 
be the same. With the $80 DNA sequence clearly diverging 
from the other lambdoid DNA sequences to the left of 
position A:1,099/480:1,100 and to the right of position 
A:1,169/680:1,170, we regard the 31 base pair identical 
stretch to be a fixed point around which all the origin sequences 
can be aligned both structurally and functionally. 

Against this background, A/¢é80 DNA homologies provide 
positive evidence for functionally important segments within the 
origin of replication structure, which can be cross-checked 
against defective A ori” mutant^? or cther partial deletion’ 
sequences. The sequence deviations within the A/434/21 
group are considered to point to positions of minor functional 
importance. Although some of the sequence deviations between 
$80 DNA and the other lambdoid phages may similarly point to 
positions of minor importance, others should indicate specific 
alterations to serve analogous, but phage-specific functions. 

When the DNA sequences of the lambdoid origins of repli- 
cation are aligned in parallel they display a surprisingly complex, 
but analogous order of symmetry elements. Taking other 
characteristic features into account, three distinct regions with 
very little overlap (Fig. 3) can be identified. Besides these three 
sections there are two short external tail segments, which differ 
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Fig. 1 Phys:cal maps and schematc protocols 
for the sequence analysis of the оп regions of 
lambdosd phage DNAs. в, Sequence analyus of 
ота ое 

other lambdoid 


analysis of the on-cegion 

phages. Sequencing | was laine with 
plasmid pHL81 DNA’, carrying the on-reqgon 
of phage 434, al DNA, and plesond 
Advunwm21AB5 DNA™, carrying the on-region. - 
of phage А owm21. Double-stranded DNAs are 


ыпіс 
fragments used for sequencing, each carrying 
one ood labelled. An open circle indicates а 
labelled 5'-end, and а line extending to the right 
of the circle, for example, represents the F-strand 
of a fragment used for sequence determination, 
in 5'- to 3'-direction A 3'-end labelled is 
marked by a square. The sobd part of each hinc 
Indicates the portion of the fragment for which 
soquence 


Aoall-EcoR1 fragment of pHL81-DNA) are 
not explicitly designated in tbe drawing 





in sequence for A and $80 and which do not include such 
structural symmetries; they probably do not belong to the origin 
of replication proper. An 8 out of 9 base pair identical sequence 
in the left tail segment may be coding for an essential element in 
the O protein structure, because it is read in the same frame: 
Ser-Glu/Ala-Trp. Only one half of an (additional) inverted 
repeat sequence is retained within the A right tail sequence, the 
second half is located beyond the 202 base pair maximal origin 
boundaries —this may even be used as an argument against the 
remaining tail segment’s being of any importance. 


Conserved length of unique composition 
in the central region 


The central (B) section (A 1,099—1,135) of the lambdoid origins 
of replication consists of a stretch of DNA sequence which is 
uniquely rich in A in the /-strand, and in T in the r-strand, 
including an uninterrupted sequence of 15A +3G in the A origin 
DNA, as first observed by F. Blattner and colleagues. While 
this general characteristic is clearly seen in the $80 origin DNA, 
the $80 sequence is of slightly less extreme composition. There 
appear to be three segments of identical or nearly identical DNA 
sequences in a section B A/$80 comparison (see boxes in Fig. 3) 
which may be indicative of their functional importance, but the 
intervening groups of nucleotides are also rather similar and are 


identical in length, except for the deletion of one base pair in the: 


$80 DNA (corresponding to A: 1,136) at the junction between 
the origin B and C segments. 

In contrast to the flanking regions A and C, the central section 
of the origin of replication does not contain any inverted repeat 
sequences with the potential for being folded into single stran- 
ded hairpin structures; instead it very characteristically does 
contain DNA mirror sequences (true palindromes). One of 
them, in the A-DNA group, extends over 28 base pairs with a 
single (A, $21) deviation only (considerably disrupted, however, 
in 434 DNA). It is immediately followed to the left by a second 
one of 12 base pairs (1 deviation). As a result of several 
nucleotide exchanges, the very long DNA mirror sequence is not 


prominent in the $80 origin of replication DNA; it is in part 
‘suppressed’ by another, perfect 15 base pair mirror sequence, 
which asymmetrically overlaps with the first. Since an asym- 
metric DNA composition of the kind observed in section B 
would contribute to forming such mirror DNA sequences, they 
can still be maintained to be accidental, and their part in the 
overall origin function—if any—remains uncertain. 

Segments of double-stranded DNA sequence of the 
composition observed for section B should have very low mel- 
ting points as a result of their high A-T contents. According to 
reference data” the Ты can be calculated for the A and $80 
section B DNAs to be about 78.5 °C and 79 °C, respectively (in 
1xSSC; 12°C below А DNA average). Specialised sections of 
such sequence, when their strands become separated in an RNA 
polymerase catalysed transcriptional activation reaction (see 
below), should transiently be converted into a rigid, open helical 
conformation, due to the purine stacking interactions in their 
separated /-strands. 

Specific sequences exposed in (protein coated) single-stran- 
ded templates are known to be required for binding and initiat- 
ing primer RNA synthesis by dnaG coded primase, and the same 
sequences, if present in double-stranded DNA, will not be 
recognised by this enzyme”. In a A-colE1 hybrid plasmid 
genetic analysis a replicational primer synthesis has been 
observed to be initiated within the origin of replication boun- 
daries in an asymmetric, only right to left orientation, and to be 
insensitive to an inserted transcriptional terminator?..A repli- 
cational primer synthesis, therefore, seems to be catalysed not 
by RNA polymerase, but most probably by primase, already 
known to be involved in initiation of DNA replication in other 
systems?^7*, The central section of the origin, which coin- 
cidentally has a very low melting po int, and contains the DNA 
sequences analogous to the G4origin^"^, also in a right to left 
orientation, seems, therefore, to be the most obvious choice for 
an initiation site for the A primer synthesis observed in vivo. This 
is confirmed by the fact that the RNA polymerase is not bound 
to various $80 DNA fragments carrying the origin of repli- 
cation, in a filter binding assay (in 125 mM KCl, 10 mm MgCh, 
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20 mM Tris НСІ (pH 8.0) at 37 °C, with competition by poly(rI) 
(ref. 31, results not shown). The overall rifampicin sensitivity of 
А replication!52??*?? may then have to be attributed to the 
preceding RNA polymerase catalysed transcriptional activation 
of the origin structure, usually in a left to right direction across its 
location. 

Asymmetric oligo dA: dT segments have also been observed 
in other, unrelated double-stranded origins of replication*’, and 
A-rich sequences for single-stranded phage DNA origins**”’. 
Comparison between their sequences may lead to the 
identification of a promoter-equivalent primase signal structure. 

Two A origin-defective mutants, in which different parts of 
section В are deleted (А 799:1,098-1,109; A 796:1,116-1,130) 
have been sequenced to date’. Both of them show a completely 
defective mutant character. 


Two overlapping DNA hairpin loops 
in the right-hand section 


The origin section C shows two different characteristic organis- 
ational features which are both contained in the same stretch of 
the DNA. One is the exceptional, 31 base pair sequence, which 
is identical (with two exceptions) for all four phage DNAs. 
Second, this section contains two almost perfect inverted repeat 
sequences which overlap asymmetrically. On DNA strand 
separation the inverted repeat sequences could give rise to two 
different kinds of DNA hairpin structures (see Fig. 4). These 33 
base pairs at the origin of replication (A :1,136-ф80:1,168) 
therefore apparently have to fulfill triple functions. First they 
code for 10 amino acids of the gene O product, and second 
and third, they act as parts of the longer and the shorter DNA 
hairpin loops. DNA segments with multiple functions have also 
in other cases been shown to be highiy conserved throughout 
evolution™. 

Because the section C sequences are almost identical in all 
four phages, any candidate initiator protein(s) binding to them 
must also be identical or at least exchangeable among all four 
phages. These should, therefore, be the phage P proteins, or one 
of the host initiators, such as the dnaB protein (or a complex of 
both). 

If the A origin of replication is cut within section C at the 
EcoRI restriction site and is fused onto various foreign, EcoRI 
terminated fragments, the overall replicational activity (in the 
presence of the О protein) will drop to 3-5% of its original 
value, as observed in the A-colE1 hybrid plasmid system’. This 
indicates that section C is an integral part of the overall A 
replicator structure. The functional leakiness of the deletion 
variants may be due to either the activity of the remaining 
fraction of section C DNA, or else may indicate a potentiating 
rather than a basic function for section C. 


DNA cloverleaf structure in 
the left-hand section 


Section A of the lambdoid origins of replication displays the 
largest number of symmetry elements (Fig. 3). These are 
organised in the form of direct repeats, which consist internally 
of an inverted repeat substructure. Also, the direct repeats are 
very regularly spaced within the section A sequence, and there- 
fore higher orders of symmetry involving several such elements 
can be considered. All such considerations of structural sym- 
metry originate from the multiple repetitions of a basic sequence 
‘theme’ (boxed in Fig. 3), alternating in direct and inverted 
orientations. While the A and $80 linear section A DNA 
sequences differ from each other, they are organised in a clearly 
analogous manner with the total and very complex arrays of 
symmetry elements present in nearly identical arrangements. 
The sequence 'themes' basic to all of these analogous configura- 
tions, however, are different, even in length: A, 434, 421: 
GAGGGAT; $80: CGGGAA. 

If DNA strand separation is accepted as likely to occur at the 
origin of DNA replication, any one of the section A inverted 
sequence repetitions could be folded into a single-stranded 
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Fig. 2 Autoradiographic patterns of DNA sequencing gels after elec- 
trophoretic separation of the chemical degradation products of various 
origin DNA restriction fragments. The lanes designated by G, A C, C > T, 
and C+T display the products of the corresponding reactions. DNA frag- 
ments derived from the various origin of replication regions as observed in 
preceding restriction mapping have been terminally labelled with 

P-phosphate at either their 5'-ends by using polynucleotide kinase and 
[у-32р] АТР (ref. 29) (a-b) or at their 3’-ends by DNA polymerase I апа 
[а-22РМАТР (refs 37, 38)(c). For DNA secuencing the dimethylsul- 
phate/hydrazine technique" has been used throughout this work. The 
numbers to the right of each gel refer to the corresponding nucleotide 
positions in the /-strand DNA sequences shown in Fig. 3, while arrows to the 
left (in b and c) indicate some of the sequence deviations in the ori regions of 
pHL81( that is, phage 434) DNA (5), and Adviasum21AB5 DNA (c), with 
respect to the homologous A DNA sequence”. The deviations in the ori 
region of Advimm21AB5 DNA could also be observed in $21 DNA 
(compare legend to Fig. 3). a, Sequence pattern obtained from the 5'- 
labelled MboII fragment 338-1,046 derived from $80 DNA, which was 
recut by HaelllI at position 892. b, Sequence pattern from the 5’-labelled 
EcoRI fragment of pHL81 DNA (434 DNA) 624-1,146, recut by ВЕ at 
position 792. c, Sequence pattern from the EcoRI-linearised, and at position 
1,146 3'-labelled Advimm21AB5 DNA, recut by Taq! at position 1,466. 
The degradation products were loaded on 40 x 22 x 0.2 cm gels (a and 6) or 
90 x 160.2 ст gels (c) of 20% polyacrylamide/7 M urea, and were elec- 

trophoresed for 6 h at 1,000 V (a and b), or tor 24 h at 2,000 V (c), 


DNA hairpin structure, and therefore several 'activated' struc- 
tural arrangements are possible for a segment of such complex 
organisation. A collection of potential secondary structures is 
represented in essence by the arrows drawn in Fig. 3. However, 
the only one of these potential activated structures which 
involves all the symmetry elements at the same time, and also 
makes use of their regular spacing along the DNA of this section, 
is a DNA cloverleaf arrangement (Fig. 5). Identical superstruc- 
tures can be drawn for $80 and for A, in spite of the differences 
between their individual elements. When folded into such 
higher order of symmetry arrays, the repeated sequences of 
either six or seven nucleotides form the individual branches and 
stems of the cloverleaf structures. Quite consistently, it is also 
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Е. 3 ОМА sequences af the A (a) and 4&0 (b) ongins of repbcaton in the А (421) mmmmsanhon boundaries (982-1,182) (ref 9). The nucleotide posthons in all four 
phage DNAs аго normahsed, for 1,146 to indicate the first nucleotide (G) of the common EcoRI cleavage site located within thelr orlgm of repicaton sequences This 
is equivalent to position 1 mdicatmyg tbe first nucleotide transcribed into the рр promoted mRNA, in A DNA . Nucleotide exchanges observed for the homologous 
434 and 421 DNA in an otherwwe identical sequonce are indicated above the A sequence, the position 1,100 transrennon determined for the A 112 mutation" has also 


been 1ncluded, Selected restriction endonuclease cleavage sites are referred to in their standard abbreviations. The О gene readmg frames are by dots 
between the two lines showing the DNA sequences for both complementary strands, and the nucleotide segments deleted in three A on™ deletion m are also 
indicated (————): reading from left to nght, A 793, А r99 and A r96. Double strand boxes mark segments of 4/480 DNA homology, single strand boxes point out 


multiply repeated sequence ‘themes’ present in the left sections The symmetry elements observed in the ongm DNAs are indicated below the sequences. Direct 
repeats have been marked by repetitive arrows, inverted repeats by two arrows pointing towards their invermon centre (square), the arrows mdicating a mirror DNA 
sequence have been onentated away from гіз centre (tnangle). О. T/A · C symmetry deviations in mvorted repeats have been indicated by one dot (m the +-strand 
purine location), А G/T C mismatches by two dots (m both locations), vertical bars m а mark positions of nucleotides inserted or deloted over a perfect match. In 
the left parta, the lower-most arrangements of symmetry elements correspond to the activated DNA cloverleaf structures presented m Fig. 5 Three structurally 
different sections of the ongin sequences as deduced from the distribution of symmetry elements are indicated at the bottom (A, B, С). In comparing the origin DNA 
sequences of A, #21 and bybnd А mun21 DNAs (plasmid Advorun21A B5 (ref. 36), and phage А mm21 (ref. 11)) we observed that the hybod А imm21 DNA m this 
region consists of 421 rather than A DNA. This has been conctuded from the presence of the exchanged ф21 nucleotides usted of the A specific nucleotides at every 
divergent position analysed. 1,011, 1,143, 1,182, 1,194 (and 1,233, not shown) The nucleotide exchange СТ at posrbon 1,182 results m an addrbonal San3A 
recognrhon site not present in A DNA, which has been used in our ongin minimisation cloning stuches” Therefore, the origin huts as indicated are actually those of 
421 DNA, which however should also apply to the nearly xlentical A DNA Restriction analys of $21 and А imm21/Advunm21 DNAs m comparison with the A 
DNA О and P gene sequences (ref. 6 and E Schwarz, unpublished) resulted m recognition of a number of restriction sites present m both $21 and A umm21 DNA, but 
not present m А DNA, up to at least the centre of the P gene. Only to the right of the P gone is the A umm21 DNA like A DNA (not shown). А 0nm21 and $21 DNA 
have also boon sequenced and compared to А DNA in the оор and po promoter regions”, and m this segment, to the right of the ‘A unm 21 boundary’ at position 595 
(ref. 37) all three DNAs are identical for at least 117 bese pairs From these results we wish to conclude that the recombination event leading to A urun21—(ref. 11) 
took place near the right rather than the left end of the oop-O-P homologous section of A compared with 21 DNA. While position 595 now may have to be called a 
"virtual boundary’ with respect to the A mrun21 creation event, it can still be expected to mark the effective boundary of non-homology compared with homology in a 
Б phage А unm21/A recombinstion or DNA heteroduplex analysis. ' 
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the most complex cloverleaf configuration, which results in the 
smallest number of hairpin mismatches (Fig. 3). This is parti- 
cularly obvious for the altogether smaller (77 base pair 
compared with 85 base pair), and most perfect $80 DNA 
cloverleaf, which in all of its three hairpin branches only contains 
a single А-С/С.Т (l-strand/r-strand) mismatch, due to an 
aberrant A:T instead of G:C in position 1,074. 

The potential A, 434, and $21 DNA cloverleaf structures have 
their branches and stems expanded over the $80 DNA clover- 
leaf size by one hairpin base pair each. Although this should add 
to their stability, they do include an increased number of 
mismatches (three within the branches, one or two within the 
stem, all of the G: T/A- C type, and some other deviations 
concerning the left branch). Some of these aberrations may 
result from amino acid sequence requirements in that part of the 
O protein structure, for which the origin DNA sequence is 
coding in addition to its fulfilling DNA replicator functions. 

Besides yielding nearly perfect cloverleaf branches only the 
origin cloverleaf model also succeeds in placing all the four 
regular, significantly A-rich intervening sequences into a 
specific, symmetrical arrangement of their own ('connecting 
stretches’, 680: AAAA, A: AAAAN, with few deviations only). 
Stacked А, groups in between the cloverleaf branches are 

to aid in lining up the protein-complexed individual 
cloverleaf elements for tetramerisation. The three more variant 
intervening groups which generally consist of A-rich, 
pentanucleotide sequences, through cloverleaf folding become 
located into symmetrical positions of their own too, and form the 
single-stranded top loop sequences of the individual branches. 
Both groupe are necessary parts of the overall cloverleaf struc- 
ture, in addition to the cloverleaf branches proper. Obviously, 
the cloverleaf stems because of their external connections have 
to deviate somewhat from a regular cloverleaf branch 
configuration. They are still close enough in their structural 
arrangements, however, to qualify for a fourth branch of the 
section A DNA cloverleaves (more fully in the A case). 

An additional point favouring the hypothesis of a higher order 
DNA cloverleaf structure is that it can be built from small, 
individual hairpin loops used as building blocks, which are then 
converted into a large superstructure, through a secondary, 
symmetrical rearrangement (of protein subunits bound to 
them). In our model to explain the mechanism of transcriptional 
activation of the origin of replication we expect RNA poly- 
merase to act asa DNA strand separation agent which is able to 
catalyse the formation of such hairpin loops within the non- 
coding strand, while both strands during transcription are being 
separated internally in the enzyme molecule’. Only rather short 
DNA hairpin loops, however, are likely to be accommodated 
by the enzyme molecule in such a mechanism, and activated 
origin structures using larger-sized individual DNA-hairpin 
configurations? (which in the middle also would contain rather 
weak sections, see Fig. 3) seem to be disfavoured in this kind of 
an activation reaction, while a stepwise formation of individually 
activated cloverleaf branches would be possible. 

We interpret an activated section A origin cloverleaf structure 
to represent the single-stranded (tetramer) DNA binding site for 
one of the proteins active in initiation of phage DNA replication. 
As judged from their analogous, but individual DNA structural 
designs, the initiator proteins binding to the $80 or A DNA 
cloverleaves should also be analogous, but different and non- 
exchangeable between the two phages (exchangeable, however, 
within the group of A, 434, and $21). The obvious choices for 
proteins of such specificity have to be the O proteins of all these 
four phages, ог more precisely their N-terminal domains", The 
design of the DNA cloverleaf structures seems to predict their 
binding of four identical O protein subunits, each of which may 
capture one of the RNA polymerase activated cloverleaf bran- 
ches (as indicated in Fig. 5 in a rather general way). The DNA 
bound protein tetramer in turn is expected to aid in stabilising 
the overall DNA~protein conformation through protein—pro- 
tein interactions. With'an activation complex (sections A-C) 
first installed in the non-coding, A-rich l-strand, the comple- 
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mentary  r-strand would stay single-stranded, and 
therefore would have a chance of also being converted into 
protein-complexed secondary structures, even without a special 
activation mechanism of its own. While a cloverleaf activated 
state structure of the origin section A DNA (on its own) would 
be clearly less stable than its double-stranded ground-state 
conformation, the energy to be contributed by a cloverleaf 
DNA-initiator protein binding reaction, in order to compensate 
for the formation of single-stranded sections within this struc- 
ture, has been calculated to amount to not inaccessible values for 
the protein subunit-cloverleaf branch interaction compared 
with other protein-DNA binding reactions. 

Опе of the origin defective mutants, A r93, has been shown to 
delete 24 base pairs (1,068-1,091) of the section A DNA (ref. 
5), which if projected upon the A cloverleaf model would 
correlate with exactly its right branch and lower right connecting 
stretch removed. The observation of a slight degree of repli- 
cational leakiness for A r93 (ref. 4), conceivably might not be in 
disagreement with a four-branch cloverleaf model, assuming a 
very low rate of activity for a crippled, strained three-branch 
doverleaf that might be formed in that A ori” mutant. The 
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Fig.5 Model proposed for the activated state structures of the 480 (a), and A, 434 and 421 (b) origin of replication DNAs Only the restriction cleavage sites шипа 

tho A (#21) origin m its maximum functional sire are mdicated; for mverted repeat and DNA mirror sequence symbols ses Fig. 3 Segments of ф80/А DNA bomology 

aro marked by boxes, segments of ¢80/G4 and of 4/04 DNA homologies in the central origin sections are inchcated by lines above the -strand sequences, with dots 

pointing out misnatch posiboos (G4, 170-172, 175-180, and 183—202 (ref. 26)). Four subunits of the (О) proteins supposed to be binding to the ongin cloverleef 

DNA structures have been indacated m a rather goneral way. Mismatches m the section A cloveriecef branches, and m the section C (larger) hairpin stems are marked 
i by dots. 


Nature Vol. 277 22 February 1979 


analysis of a A r93 pseudorevertant DNA has shown the deleted 
section A sequence not to be re-installed**, and therefore proves 
the A793 defect not to be due to the loss of the indicated 
segments as such, but to the disruption of an origin superstruc- 
ture, of which these section A sequences are a constituent part. 
In replication-defective A #12 (ref. 3) a transversion at position 
1,100 (ref. 6) points out the only single nucleotide so far known 
to be of functional importance. Quite consistently, in construct- 
ing the two different DNA cloverleaves, the constant ACA 
group surrounding this position had to be placed into an iden- 
tical situation with respect to both structures, as in fact both of 
the cloverleaves are located almost exactly in register with 
respect to the central sections, or to the section C DNA hairpins 
(36 compared with 35 base pairs for tbe smaller, 39 compared 
with 37 base pairs distance for the larger section C hairpins). 
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It is certainly obvious that our model for the activated, 
single-stranded functional structure of the lambdoid origin of 
replication as deduced from DNA sequences and from genetic 
studies”, needs to be studied further biochemically, both in vive 
and in vitro. However, sandwiching of a primase recognition site 
which is kept in a single-stranded, rigid conformation by two 
different initiator proteins, which in turn are complexed to two 
adjacent, elaborate DNA binding sites, seems to be able to 
explain both the basic structural as well as functional designs of 
such replicator signal elements. 
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Domains and the hinge vias of an 
immunoglobulin heavy chain 
are encoded in separate DNA segments 
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A 6.8-kilobase DNA fragment containing the sequence 
coding for the constant region of the mouse immunoglob- 
ulin y; heavy chain was cloned from total cellular DNA. 
Electron microscopic and nucleotide sequencing studies 
showed that the three protein domains and the hinge region 
are encoded in separate DNA segments. 


SOME higher cell genes consist of informational DNA inter- 
spersed with silent sequences. Eukaryotic cistrons are often 
transciption units containing alternate regions to be excised 
from the primary transcript, introns, and to be left in the mature 
messenger RNA for expression, exons’. The first indication of 
such a mosaic gene structure was obtained in the 28S ribosomal 
RNA gene of Drosophila melanogaster^?. This observation was 
followed by discoveries of an intron within the RNA leader 
regions of the human adenovirus late genes**. Introns were also 
found in the protein-encoding regions of mouse immunoglob- 
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ulin А -chain genes’, rabbit and mouse f-globin genes’, hen 
ovalbumin репез”!°, and in yeast tRNA genes’ t”, More 
examples are accumulating. These studies show that introns are 
widespread in higher cells and their viruses, but the functions 
and origin of introns remain unclear. 

Both light and heavy chains of immunoglobulin molecules 
consist of two functionally differentieted regions: the amino 
terminal variable (V) region and the carboxyl terminal constant 
(C) region. The V region recognises and binds antigens while the 
C region exerts various effector functions such as interaction 
with cell surface membrane and complement. Amino acid 
sequence studies have shown that both light and heavy chains 
consist of homology units/*?)^, For instance, the C region of a 
y-class heavy chain contains three homology regions, CH1, 
CH2 and CH3, each of which is similar in size (about 110 
residues) and homologous to the C region of a light chain", 
Furthermore, the V regions of both light and heavy chains may 
also be related to the C region based on the arrangement of 
intrachain disulphide bonds and their size, and the presence of a 
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Fig. 1 Southern hybridisation of pH21-1 cDNA to myeloma МОРС 21 or cloned IgCy,;-1 DNA. A, 
2 mg of high molecular weight DNA extracted from myeloma MOPC 21 was digested to completion with 
EcoR1 and separated on 0.8% horizontal agarose gel slab (20x 40x 1 cm) іп TA buffer (40 mM 
Tris-HCl, 5 mM Na-acetate, 1 mM EDTA, pH 7.9) at a constant current of 50 mA for 4 days. To detect 
the y, gene-positive DNA fragments, a 0.5-cm wide section of the gel was cut out from the centre in 
parallei with the direction of electrophoresis, and was blotted onto a nitrocellulose filter (Schleicher- 
Schuell, BASS) for 3h as described by Southern”. The filter was incubated at 65 °С for 12h in the 
presence of 2x 107 c.p.m. of denatured, nick-translated pH21-1 cDNA (specific activity 2 х 10* c.p.m. 
per wg) as described elsewhere!?. The figure shows an autoradiogram of the filter after 6 h of exposure. 
The molecular size of the y, gene-positive band was estimated from its relative electrophoretic mobility 
to Hindlll fragments of phage A DNA. For the cloning, DNA was recovered from the preparative slab 
gel as follows. Hydroxyapatite (Bio Rad, DNA grade) washed with TA buffer was mixed with an equal 
volume of 0.8% melted agarose (in TA buffer) and the mixture was poured into the 0.5-cm wide vertical 
slot in the centre of the gel slab and into a parallel slot of 0.5-cm width located near one edge of the gel. 
The gel slab was rotated 90° and electrophoresis was continued at 150 mA for 4 days to let DNA 
fragments migrate into and bind to the embedded hydroxyapatite. Hydroxyapatite containing y; 
gene-positive DNA fragments was identified from the autoradiogram of the Southern gel blot, and a 
0.5-cm thick slice of the hydroxyapatite cake in this region was cut out. The slice was suspended in 1 ml of 
saturated KI solution and heated at 65°C for 15 min to melt the agarose. The hydroxyapatite was 
collected by centrifugation and was washed with 3 ml of 10 mM КРО buffer (pH 6.9). The DNA was 
eluted from the hydroxyapatite with 0.5 mi of 0.6 M KPO, (pH 6.9) buffer and the hydroxyapatite was 
removed by centrifugation. The DNA was dialysed against 10 mM Tris-HCI pH 7.9 containing 1 mM 
EDTA and was concentrated by ethanol precipitation. B, 0.5 ug of cloned Ig Cy;-1 DNA was digested 
with EcoRI, separated in a 1% agarose gel and stained with 0.5% ethidium bromide (lane 6). DNAs were 
transferred onto nitrocellulose filter and hybridised with 2x 10° c.p.m. of nick-translated pH 21-1 
cDNA (2x 108 c.p.m. per ug) (lane с). Hindlll-digested phage A DNA (0.5 ug) was separated in the 





weak homology between these regions'"".. These studies 
suggested two important points on the structure and evolution of 
immunoglobulin molecules. First, homology regions may have 
similar three-dimensional structures, each consisting of a 
compact globular domain. This hypothesis was directly 
confirmed by X-ray crystallography'*’’. Second, the presence of 
the internal homology suggested that both light and heavy chain 
genes evolved by duplication of a primordial gene that codes for 
a polypeptide chain with a size of a single homology unit". Our 
previous studies on A and « light chain genes demonstrated that 
the V and C domains are encoded in separate exons^'*?, We 
here report that the three C region domains of mouse у; heavy 
chain as well as the chain-linking hinge region between the CH1 
and CH2 domains are encoded in separate DNA segments. 


Identification and cloning of an EcoR1 
fragment carrying a Cy, gene 


High molecular weight total cellular DNA extracted from 
MOPC 21 myeloma was digested to completion with EcoR1 and 
the resulting DNA fragments were analysed by the Southern gel 
blotting technique?" using as the hybridisation probe a nick- 
translated cDNA clone (pH21-1) prepared from MOPC 21у, 
chain mRNA. Asshown in Fig. 1A, we detected a single band of 
6.8 kilobases that hybridised with the cDNA probe. Rogers et al. 





Table 1 Length measurements of R-loop molecules 





Segment Length (kilobases) N 
A 3.29 x 0.13 48 
B 1.922: 0.12 68 
Ri 0.28 +0.05 64 
R2 0.34 +0.05 53 
R3 0.42 +0.08 60 
п 0.51 +0.09 45 
12 0.18 + 0.03 14 
Па 0.37 + 0.06 29 





The R-loops R1-R3 were measured in double-stranded molecules, in 
which the intervening sequence I, was stretched out or seen as an 
intron-loop, and I; was seen only in stretched out molecules (Fig. 25). In 
the single-strended DNA-mRNA hybrids the intron 1,, is shortened 
because of the annealing of the hinge coding region. Iı» is not measur- 
able, but probably is about 100 base pairs long. The hinge region must 
be within 140 base pairs from the 5' end of the R2 coding region. Values 
are given «s.d. N, numbers of measured molecules. Measurements of 
R-loop molecules were made with a Numonics digitiser and the data 
analysed with a Hewlett Packard HP9825 calculator. 


same gel as a size marker (lane a). The third largest HindIII-A fragment is 6.6 kilobases long. 


sequenced the y, cDNA and found that it contains sequences 
coding for part of the Су; region that extends from amino acid 
residue 287 to 439?'. We conclude that the 6.8-kilobase EcoR1 
fragment contains at least part of the Cy, DNA sequence. 

DNA fragments in the 6.8-kilobase fraction were recovered 
from the preparative agarose gel and were ligated with the 
isolated DNA arms of an EK-2 vector, phage А рї WES". The 
recombinant DNAs were packaged in vitro into phage coats”? 
and plaques were screened by in situ hybridisation using the 
nick-translated Cy, cDNA clone as probe”. Screening of about 
2 x 10° independently arising plaques lead to the identification 
of eight positive clones. When digested with EcoR1, DNA from 
the eight phage clones gave, in addition to the left and the right 
DNA arms of the vector, a 6.8-kilobase DNA fragment that 
hybridised with the Cy, cDNA probe. The results of one of the 
eight phage clones, IgCy,-1, are shown in Fig. 1B. 


The Cy; gene is split 


The position of the Cy,-coding region in the 6.8-kilobase DNA 
fragment of the IgCy,-1 clone was determined by electron 
microscopy. R-loop molecules were formed between the cloned 
DNA and a у; chain mRNA purified from МОРС 21 myeloma 
cells”. Figure 2 shows the various R-loop structures observed. 
Most of the molecules have three small R-loops, R1, R2 and R3, 
that are separated by two double-stranded intervening DNA 
segments (I1 and I2) (Fig. 2a). In all molecules a short RNA tail 
could be observed at the largest R-loop (R3), and in some 
molecules a longer RNA tail extends also from the shorter 
R-loop (R1). 

The sites of R-loops and intervening DNA segments are 
summarised in Table 1. The intervening DNA segment between 
R2 and R3 (I2) is very short and cannot be visualised as a clear 
double-stranded loop, rather it appears as a little knob separat- 
ing the two R-loops. The length of the two intervening DNA 
segments can best be measured in those hybrids where several 
mRNA fragments have annealed to the same DNA fragment 
(Fig. 25, c). The lengths of R1 (280 base pairs) and R2 (340 base 
pairs) roughly correspond to the size of a DNA segment coding 
for a single domain (100-120 residues) of an immunoglobulin 
chain, while the length of R3 (420 base pairs) is slightly larger. 
We interpret the various parts of the observed R-loop structure 
in the following way. R1 and R2 correspond to the DNA 
segments coding for the CH1 and CH2 domains, respectively, 
while R3 probably encodes the CH3 domain and the presumed 
3'-untranslated region of y, chain mRNA. This interpretation is 
supported by the length and the location of the two RNA tails 
observed in the intact R-loop structure (Fig. 2a). The short 
(— 200 bases) and the long (~ 400 bases) RNA tails can be 
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interpreted to represent the poly A and the V-coding sequence 
at the 3'- and the 5'-end of the mRNA. 


Correlation between exons and the domain- 
and hinge-coding DNA segments 


In order to confirm the interpretation of the R-loop structure 
described above, we constructed a restriction enzyme cleavage 
map of the IgCy.-1 clone and determined the nucleotide 
sequences of the relevant regions (Fig. 35, c). 

In determining the nucleotide sequences we first concentrated 
on the five regions (indicated in Fig. 3c as I, II, IV, V, and VI) 
that cover the ends of the three major exons. In so doing we 
discovered that coding at the right end (see Fig. 3c for orien- 
tation) of exon 1 and the left end of exon 2 leaves about 13 
amino acid residues around the hinge region (Fig. 3d) unac- 
counted for. DNA sequencing revealed an additional exon 
(exon H) that codes for this cysteine-rich region within the 0.5- 
kilobase DNA segment separating R1 from R2. Electron micro- 
graphs of single-stranded DNA-mRNA hybrids (Fig. 2d, e) 
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are consistent with the presence of exon H. When y, mRNA was 
hybridised to denatured IgCy,- 1 DNA, it annealed to the hinge 
region, thus forming another short intron 11b that is similar in 
size and appearance to 12. We thus call the four protein- 
encoding DNA segments exon 1, H, 2 and 3, and the three 
non-coding intervening DNA segmer ts intron B, C and D as 
indicated in Fig. 3c. We also call the non-coding DNA segment 
to the left of exon 1 intron A because we anticipate the presence 
of another short exon further upstream (that is, towards the left 
in Fig. 3) that codes for the V-C junction region (J region)? in 
analogy to the structure of a A light cbain gene. 

The DNA sequences in the six regions (I- VI) indicated in Fig. 
Зс are shown in Fig. 4. Also shown in Ер. 4 are part of the amino 
acid sequences of MOPC 21y, chain as determined by 
Adetugbo”*, and the nucleotide sequences predicted from the 
amino acid sequence. Coding in excn 1 begins with Ala at 
residue 121 and ends in Val at residus 215. Coding in exon Н 
starts with the Val and ends in Val a: residue 228. Coding in 
exon 2 starts with the Val codon and eads in Gly at residue 335. 
Finally, coding in exon 3 starts with the Gly residue, The entire 





Fig.2 Left: electron micrographs of R-loop molecules (a-c) and RNA-DNA hybrids (d, e). The EcoRI-digested lgCy;-1 DNA was incubated with MOPC21 y; 

mRNA under R-loop conditions at 57 °C 18 Single-stranded DNA-mRNA hybrids were formed after heat denaturation and incuba:ion of the R-loop mixture at 

60 °C. The molecules were mounted for electron microscopy by the formamide-cytochrome c spreading method ^^^! Three R-loops. Ry, Ro, Ry are separated by 

two intervening sequences I, and I,. When two separate mRNA molecules hybridise to different R-loops, the intervening sequences-are stretched out and can be 

measured (5, c). In single-stranded hybrids (d, e) it is possible to resolve also the small intron I, which separates the hinge coding region from the intron la and 
which appears as a small knob beside 1;4. Right: schematic interpretation of the hybrid molecules. 
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FM.3 а, R-loop map of the 6.8-kalobase insert. Heavy broken Hnes and heavy solid Imes represent МОРС 21 yı mRNA and double-stranded DNA, respectively. 
Duplexes between fine sobd Hnes and broken ines аге DNA-RNA hybrids. Fine solid Hnes are replaced single-stranded DNA The numbers inchcate lengths of 
various parts in kilobases. 5, A map of the 6.8-Kilobase msert obtained by the combination of resinction enzyme digestion and R-loop formation. The whole 
IgCy;-phage DNA was digested either with one of the mdicated enzymes or with that enzyme plus EcoRI and seperated in а 1% agarose gel. Comparison of the single 
and the double digestion patterns allowed us to localise the outmost cleavage sites of each enzyme on the 6 8-kflobese insert Addrhonal cleavage sites were identified 
by comparison of the electrophore«as patterns obtained after digestion of the wolated 6.8-lnlobese insert with one emzyme or various combinations of two enzymes. To 
correlate the restrichon map with the R-loop map, we analysed R-Joops formed between the +, mRNA and the insert which bad been digested with respective 
enzymes. The cleavage sites identified this way are underimed. R1, R2 and ЕЗ in (a) correspond to Ex1, Ex2 and Ex3 in (5) respectively. c, Detailed restriction 
enzyme map around the exons Sites for Haelll and Hinfl were mapped m the five molated pieces generated by Taq and Bam cleavage of the 6 8-kilobase meert. For 
each ptece m turn, parallel digests were done with Ноа and Hirt, and the products were electrophoresed on 6% polyacrylamide. They were compared with 
similar digests of the whole insert. By noting the ште of the fragments which were present only m the digests of the whole insert, and of the fragments generated from 
them in the Bam- and Taq-cut material, most of the sites around the Bam and Tag utes could be located. Within and between exon 1 and exon 2 all the remaining 
sites could also be identified, since there was only one way in which tho fragments observed on single and double digósts could be self-consistently ordered Two small 
(30-40 base pairs) Hae II fragments had to be postulated to make up the total length of thig горюа One of these was confirmed, and some remaining ambiguities were 
resolved by labelling the 5’ ends of Bam -cut proces of the 6.8-kilobase insert with [7-~“PJATP, cutting with Hinf, molating the single end-labolled fragments by 
preparative gel electrophorems, and analysing polyacrylamide gel electrophoresis, and analysing partial digests of them by Hae III. Within exon 3, the 
217-bese peir Hae Il] fragment was identified by comparison with a Has II digest of pH21-1, the cDNA clone, m which the same fragment is present The undertined 
cleavage sites were confirmed by Southern gel blotting analysis using the pH21-1 cDNA probe. The lengths (in base pairs) of introos and exons are besed on the DNA 
sequencing data as well аз on the size estimation of restriction fragments. Hinge coding remon (exon Н) was located between exon 1 and exon 2 by DNA sequencmg 
(see text). The roman letters indicate six regions that were sequenced. Hormontal arrows indicate actual fragments used for sequencing. In, mtron, Ex, exon. d, 
Correlation of domains and hinge of МОРС 21y; heavy chain to four exons of Cy; -1 DNA. Numbers represent the ammo acid postions at the domain-hmge or 
domam-domam boundanes Numbering starts with the first NH -terminal asperagine of tho y; chain 


uence of the МОРС 21 y; chain was determined conclude that each of the three Cy, domains and the hinge 


by Adetugbo”. While the presence of the sequence homology 
among the three C region domains is obvious, the exact domain 
boundaries are ambiguous. Nevertheless, examination of the 
internal sequence homology in the у; chain and comparison of 
its sequence with that of a human y; chain", for which the three 
dimensional structure of the Fab fragment is available!^!? 
makes it possible to draw every domain-boundary within short 
regions that contain no more than a few amino acid residues. 
Thus CH1-hinge, hinge-CH2 and CH2-CH3 boundaries can be 
placed around residues 214—218, residues 2277-228, and resi- 
dues 332-335, respectively. Furthermore, the amino terminal 
end of the CH1 domain is around residues 115-122. The 
nucleotide sequences show that in all cases coding ends or begins 
with a residue that lies within one of these inter-domain regions 
deduced from structural analysis of the protein. Since it is 
extremely unlikely that such a correlation is a coincidence, we 


region are encoded by separate exons. Indeed one may look at it 
in the opposite sense and say that the exact ends of domains and 
the hinge region are defined by the intron-exon boundaries on 
the DNA. 

In the coding regions the fit between the determined and the 
predicted nucleotide sequences is good. However, note the 
discrepancies in 10 codons in the regions shown in Fig. 4. Of the 
10 differences, 9 are due to exchange or permutation of residues 
at nearby positions (for instance the Pro-Ser exchange in exon 1) 
and the tenth is between Ser and Thr. Thus these discrepancies 
are probably due to errors in determination of the amino acid 
sequence. Arg-Lys exchange in exon 3 was found previously?! 
in the sequence of cDNA clone, pH21-1. 

Are there any additional introns within the DNA segments 
coding for the three domains? The entire sequences of exon 1 
and exon 2 segments have been determined (K. H. and H. S., 
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unpublished), and no coding gaps were found in these regions. In 
exon 3, sequencing has not been completed, but the 220-base 
pair HaellI-HaellII fragment arising from exon 3 co-migrates 


with the equivalent fragment from the pH21-1 cDNA clone ina 


696 acrylamide gel. It seems that there is no intron within 
domain-encoding segments. 


Nucleotide sequences at the splice sites 
Tuo OUR pu in pst once аге кошкышо 
during роса the primary RNA transcript by splicing of 
exon sequen The nucleotide sequences of the putative 
splice sites in the Cy; gene are listed in Fig. 5 together with the 
splice site sequences of the A; and Ал light chain genes which we 
previously determined’””. As in all other known split genes, the 
exact points of coding interruption are ambiguous because of the 
redundancy near the opposite ends of the introns. Thus a single 
nucleotide G is repeated near the two ends of intron B, a 
dinucleotide AG near the ends of introns C, and a trinucleotide 
AGG near the two ends of intron D. By comparing sequences 
near the ends of six ovalbumin gene introns Breathnach et аі! 
found that it is always possible to choose cutting points so that 
the base sequence of an intron begins with.GT and ends with 
AG. This rule applies to the two small introns of A chain 


f 


D GAAGGTTTGGTCCTGTCCTGTCCTGTCTGACAGTGTAATCACATATACTTTTTCTTGTA: 
СТТССАААССАССАСАССАСАССАСАСАСТСТСАСАТТАСТСТАТАТСАААААСААСА' 
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genes'”°, the six introns of SV40™ and thé small introns of 
B-globin genes". While intron C and introid ч the Cy, chain 
gene also obey this rule, intron B does not. Berause of the G 
repetition intron B either begins with GA and ends with CA or 
begins with AG and ends with AG. Another generalisation that 
can be made for the sequence near the ends of introns is an 
apparent presence of a basic sequence of several bases from 
which all known marginal sequences can be derived with no 
more than one or two base changes’'**. In particular we noted 
that all three introns of immunoglobulin A chain genes have the 


.sequence AGGTNAG near the 5’ end (relative to the direction 


of transcription)”. While introns C and D of the Cy, gene have 
the same sequence at the analogous positions, intron B seems to 
have a quite different sequence. Sequence similarity near the 
3'-end of introns is somewhat less, but Y AG is shared by all 
introns of the A and the y; chain genes. In addition, as in most 
other introns, sequences rich in pyrimidines precede the basic 
sequence near the 3' ends of Cy, introns. 


Deletion mutants 


The correlation between exons and domain- or hinge-encoding 
DNA segments immediately drew our attention to the fact that 
mutant or variant immunoglobulin chains are often found in 
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Al aLysThrThrProProThrValTyrProLeuAlaProGlySer 
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TAGACCACCGAAGAGTAGAGGTCTGGGGTCATTGTGTATCGAAAGA 


228 238 


CCCAGCGAGACCGTCACCTGCAACGTTGCCCACCCGGCCAGCAGCACCAAGGTGGACAAGAAAA! 
PEBRICNOUOTQGORCROGACGTSCOANGONOI EGO COO a аретеатетаена 


ATCTGGTGGCTTCTCATCTCCAGACCCCAGTAACACATAGCTTTCTCTCCACA| 


ACNAARGTNGAYAARAARATYGTN 


GAGGACATATAGGGAGGAGGGGTTCACTAGAAG 
TCCTGTATATCCCICCTCCCCAAGTGATCTTC 
2165 - 220 220 
ValProArgAspCysGlyCysLysProCysIleCysTyrVal 
BTNCCNSGNGAYTGYGGNTGYAARCCNTGYATS TGYACNGTN 
CCAGGGATTGTGGTTGTAAGCCTTGCATATGTACA 
CGGGTCCCTAACACCAACATTCGGAACGTATACA 


AAGTCAGTC 
TTCAGTCAG 


Va ar Thr Leu 


240 
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GTNCCNGARGTNTC CN 
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CCTATTTCCACCTTTCTTICTTCATCCTTA 
GGATAAAGGTGGAAAGAAGAAGTAGGAA 
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GTNTTYAT NTTYCCNCCNAARCCNAARGAYACNLTALTA ATAACNGTN 
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CAGAAGTATCATCTGTCTTCATUPICCCCCCAMAGCCCAAGGATOTGOTCACCATTACTCTG 
TAGTAGACAGAAGTAGAAGGGGGGTTTCGGGTTCCTACACGAGTGGTAATGAGAC 


336 318 


GlyLysGluPheLymCysArgValAsnBSerAlaAlaPheProAlaProIleGluLysThrIiIleSerLysThrLysGly 
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GCNGCNTTYCCNGCNCCNAT, GARAARACHAT 
GGCAAGGAGTTCAAATGCAGGGTCAACAGTGCAGCTTTCCCTGCCCCCATCGAGAAAACCATCTCCAAAA! 
CCGTTCCTCAAGTTTACGTCCCAGTIGTCACGTCGAAAGGGACGGGGGTAGCTC TTTTGGTAGA! 

* Teqr 





AAGY 
vTCNAARACNAARGGN 

GADGCTGCAGTGTGTGACATAGAAG 
CTCTCGACGTCACACACTGTATCTTC 


PstI 


GlyLysProArgAlaProGl nValTyrThrIleProProProLysüluGl nMet 
GGNAARCCN Ce GCNCCNCARGTNTAYACNATÀ yCCNCCNCCNAARGARCARATG 


GACCGAAGGCTCCACAGGTOTACACCATTCCACCTCCCARGGAGCAGNTG 
GTC TOCE TICCCACGTOTCCACATGTGGTAAGGTGGAGGGTICCTCGTCTAC 


Fig. 4 Partal nucleotide sequences of clone IgC 71-1 Nucleotide sequences of the aix regions, I, H, Ш, IV, V, and VI indicated in Fig. 3c are shown. For DNA 
sequencing, 2 mg of phage IgCy;-1 DNA was cleaved with KpnI and XbaI and separated on а 5% polyacrylamide gel (20х40 х 0.5 cm). The 2.5-kilobese 
electrophoretically 


Xbal-KpnI.fragment (see Ру. Зс) containing the Cy;-codmg sequences was eluted 
IL Taqi ог Hincll, troated with bacterral] alkaline phosphatase 
polynucleotide kinase (P-L Biochomecais) and [y-**P]ATP (Amersham), and sequenced by the method of Maram and Gilbert* 


fragment was then cleaved with НЫП, Hae 


from the gel and washed by ethanol precipitation, The 
(Worthington), end-labelled with T4- 
with a few modifications. Cleavage 


reachon at A and G was performed ss follows (A. Maxam, personal communication). A mixture of end-labelled DNA and 1 иф of carner calf thymus DNA was 
V incubated in 23 pul of 87 mM pyridine formate pH 2 at 20 *C for 90 min. After lyophilisation, 20 ul of 0.5 M piperidine was added and the mixture was heated at 90 *C 


for 30 mun in a sealed 


capillary. The sample was then lyophilised three times, dissolved in 10 11 of 0.1 M NaOH and 1 mM EDTA, and combined with 10 l of 
uree-dye mixture. For G, C and T and C reactions, the conventional method was used excopt 


that was omitted from dimxthyl sulphate and hydrazine 


Mg-acetato 
stop solutions. Reacted samples were soparated in thin polyacrylamide gels (20x 40x 0.035 cm) at 1 5 kV as described by Sanger and Coulson*? The figure also 


shows partial ammo acid sequences af the y chain from myeloma МОРС 21 


аз well as the nucleotide 


sequences predicted from the amino acid sequence, Amino 


aids which do оо iudico those predicted торт опт ncieorkle sequacxe та Ба Бу кб, and tho predicted acs it acida are нента in НЗ Уса Ben 


indicate posable ritron-exon boundaries. Cleavage sites for some restichon 


are underfined. Amino acid numbering begins with the asparagine at the 


endonucdesses 
NHa-teriimnal end of the mature y; chain from МОРС 21. N: A, G, C, œ T. R: A œ G. Y: Cor T. 
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. Fig. 5 Sequences around the sphce sites of three 
Nucleotide sequences around 


A i CH1 mmunogiobulin genes. 
i i n ~CTTTYTCTTGTAGCCAAAACGACACC the splice artes of the 1gCy;-1 clone as well as those of 


IgCYi-1l 


z L * 
Igl3a [ GCTCTCTGC --2---—TACCTO 


L Аф small 
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which an entire domain or the hinge region is deleted. Franklin 
and Frangioni reported several examples of so-called human 
heavy chain disease proteins with such characteristics”. In the 
present context, one mouse y, chain mutant isolated from 
cultured MOPC 21 myeloma cells is of particular interest”. This 
mutant, called IF2, lacks the CH1 domain extending from 
residue 121 to residue 214. The deleted amino acids are exactly 
those that are encoded by exon 1 (Fig. 4). The so-called C, 
fragment found in myeloma MPC 11 may be another example”. 
The sequence of the amino terminal region of the C, fragment 
that had been synthesised in a cell-free translation system under 
the direction of purified C, fragment mRNA has been deter- 
mined 2°. The sequence suggests that the C, fragment is 
synthesised in the cells as a precursor carrying a hydrophobic 
leader peptide at the amino terminus. In the precursor a 17- 
residue long leader is directly attached to the C, region peptide. 
Our previous results showed that both the leader and the V 
regions are encoded in separate exons in mouse A chain 
genes’ ™. If the same applies to к chain genes, the C, fragment 
precursor may be considered as a deletion variant in which the 
entire peptide encoded in the V-coding exon is deleted. 
Assuming that the splicing enzyme can potentially bridge two 
non-adjacent exons, then all deletions which begin in one intron 
and end in another could generate a single mutant protein in 
which the entire polypeptides encoded in exons between the two 
introns are deleted. Alternatively, a mutation at or near a splice 
site, whether it is a deletion or a base change, could perturb the 
splicing pattern such that the entire sequence in one exon is 
skipped in the mRNA. For instance, certain mutations near the 
intron B-exon Н boundary may block splicing of exon 1 with 
exon H andin turn may promote its splicing with exon 2. Cloning 
and analysis of the relevant DNA fragments from mutant cells 
will test these models directly. | 


Evolution of immunoglobulin genes and 
origin of introns 

How splicing arose in evolution is unknown. Crick has suggested 
that splicing was originally a protection mechanism, evolved by 
the host organism to reduce the damage being inflicted by the 
insertion of nonsense sequences in the middle of the gene (F. 
Crick, personal communication). In this hypothesis, the introns 
are viewed as DNA elements that were once inserted more or 
less randomly within a pre-existing gene. The placement of 
introns in ovalbumin and 8-globin genes indeed seems to be 
random. However, the presence of introns at the regularly 
spaced boundaries of domain-coding DNA segments and at the 
boundaries of the domain- and hinge-encoding DNA segment is 
in apparent contrast to such a ‘random’ insertion of DNA 
elements. To explain the regularity observed in the location of 
the introns we propose the following scheme as a possible and 


13А fcontains an embryonic Vin gene) and 
1g303A~ (contains a myeloma (V+C) A; gene) are 

summarised. [utron-exon boundaries defined by the 
сиз . GT-AG rule" aro indicated by vertical hnes The 
TC short ‘common’ sequences near the 5'- or 3’-end of 
introns are underlined. In case of intron B which does 


CH2 and CH3 designate the three constant 
domains of the y; heavy chain. L, V, J, and C deng- 
y nate the hydrophobic leader, variable, joint, and 
constant region of the A; or Ay Hght cham 


likely process of the evolution of an immunoglobulin heavy 
chain gene. It is likely that when the putative primordial gene 
duplicated, the unit of duplication was substantially larger than 
the unit of translation. As DNA duplication is likely to involve 
some form of illegitimate recombination which makes use of 
accidental short sequence homology, there is no a priori reason 
why a domain coding DNA segment would be duplicated 
immediately adjacent to itself. Most probably, the duplicated 
DNA would contain a spacer between the two domain-encoding 
DNA segments. One obvious way to fuse the DNA segments is 
to delete the spacer. But, for exactly the same reason as given 
above for the duplication step, such a deletion is probably a rare 
event. Instead, the organism might very well have resorted to a 
pre-existing splicing mechanism that might have developed 
under an evolutionary pressure such as that suggested by Crick. 

How did the necessary splice sites arise at or near the ends of 
the domain-encoding DNA segments? One possibility is the 
primordial domain gene was itself an intact exon bound by splice 
sites. Alternatively, splice sites might have been created de novo 
by drift at the proper regions after duplication. In most cases, 
there seems to be a basic sequence of four to six bases to which 
sequences near the margins of introns are related in varying 
degrees. While it may not be difficult to imagine that a proper 
sequence of this length is generated rather frequently by drift, 
the specificity provided by these sequences cannot be sufficient. 
The same sequence is also found within exons™. The obvious 
possibility is that combination of some higher order structure 
and the sequence information determine the specificity. 

To generate the four-domain heavy chain gene the process 
outlined above is imagined to have been repeated. An additional 
aspect of the evolution of heavy chain genes is the generation of 
the hinge-coding exon. While it is possible to imagine that this 
exon arose from part of the ancestral intron between exon 1 and 
exon 2, there are two more interesting possibilities. One is that 
the hinge evolved by reduction of an extra C region domain 
corresponding to the CH2 domain which is found in place of 
hinge in ц and є chains ^. The other is the DNA segment 
containing the hinge-coding sequence with or without ready- 
made splice sites at its margins was inserted into the ancestral 
intron between the exon 1 and exon 2. 

Whichever variation of the model described above is more 
likely to be correct, it suggests that the splicing mechanism, 
with or without recombination at the DNA level, enables an 
organism to create a new gene by assembling DNA pieces each 
coding for a polypeptide chain of some functional use!. If such a 
gene creation process indeed took place in evolution, some cf 
the present day introns should be regarded as spacers between 
assembled exons and not as insertion sequences per se. As 
suggested by the hinge-coding exon and the hydrophobic 
leader-coding exon’™, the correlation between a clearly defined 
protein domain and an exon is not a necessary element of the 
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proposed gene creation process. A DNA segment that codes for 
a protein of some function and flanked by splice sites, whether 
they arose from the margins of insertion elements or by muta- 
tional drift, can combine with another such segment coding for a 
protein of a similar or an entirely different function. The 
function could be for binding with a specific ligand, for providing 
disulphide bridges or even for simply providing a peptide that 
can stabilise the overall structure of the newly created protein. 
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Photon decay in curved space-time 


RECENT astrophysical observations! have raised doubts as to 
whether the large redshifts of distant galaxies (the Hubble 
redshift) are due entirely to cosmological expansion. The 
strongest argument? in favour of cosmological expansion is that 
there is no known hypothesis consistent with the laws of physics 
(other than the Doppler shift hypothesis) that can explain the 
observed redshifts. An alternative explanation—a gradual 
energy loss of photons due to their interaction with curved 
space-time—is considered here. The basic premise is that 
because photons have a finite spread they are subject to tidal 
stresses and that this provides a mechanism for the transfer of 
momentum from the photon to the mass producing curved 
space-time. Any transfer of momentum without an equivalent 
transfer of energy will destroy the concept of the photon as a 
single elementary particle. It is therefore postulated that the 
interaction of the photon with curved space-time causes it to lose 
energy in the form of very low energy secondary photons. As 
well as providing an explanation for the Hubble redshift this 
hypothesis can also explain the solar limb effect, that is, the 
increasing redshift of solar spectral lines as the viewpoint 
approaches the limb of the Sun. 

Most texts that consider the passage of light in curved space- 
time equate the trajectory of a photon to that of a light ray, 
thereby neglecting any lateral spread the photon may have. If we 
exclude the possibility of infinite energy density then in some 
sense not yet defined a photon must have a finite non-zero 
cross-sectional area. A better model for the photon is a bundle 
of light rays. The effect of the tidal stresses on this bundle is 
shown by their relative deviations from a central reference 
geodesic. An appropriate coordinate system is an orthonormal 
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Riemann coordinate system that is parallel transported along 
this central geodesic. Furthermore, every point along the central 
geodesic is uniquely labelled by the value of an affine parameter 
T. As the deviations that are linear in т given only reversible 
focusing (or defocusing) effects they will be ignored and we shall 
consider only the irreversible deviations that are quadratic in т. 
These are given by the familiar equation for geodesic deviation. 
The propagation of light in curved space-time is identical to 
propagation in a medium with a heterogeneous refractive 
. As the solution of Maxwell’s equations is much easier for 
a айе: сазе this approach is adopted here. The refractive 
index that gives the same geometric behaviour of light rays as the 
deviation of geodesics is radially symmetric about the axis of 
propagation and has the form 


n = (1—e7((x7)?+(x°)*))? (1) 


where є is a small constant and the central geodesic is along the 
x! axis. Then to order в propagating wave solutions can be 
found with a gaussian amplitude distribution in the radial direc- 
tion and requiring the dispersion relationship 


00 = c^ k8 + 2ewec Q) 


where wo is the circular frequency and ky is the wavenumber. 
This gives a group velocity of v = (1—&/kco)c, where c is the 
velocity of light along the reference geodesic. 

Equation (2) can be interpreted as giving the wave packet an 
effective mass of m = (28/ kg) "^ (E,/ c?) where Es = Ao, is the 
energy of the wave packet. The basic hypothesis here is that the 
same result applies to a photon in curved space-time and that 
this effective rest mass is just the energy of two secondary 
photons that are being emitted. Two secondaries are required to 
preserve spin. Each secondary has a wavenumber k = ($sk;)!^^. 
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The Heisenberg uncertainty ‘principle (Ak, Ax —1) can be 
applied to one of the secondary photons to estimate the rate of 
production of these secondaries and hence the rate of energy 
loss by the primary photon. Then with Ako = =k = sko)” the 
distance between secondary emissions is given by Ax- 
(deka). Then the energy loss rate is equal to 24 Ako/Ax, 
which is 


Finally, it is possible to find the ndence between the 
parameter в in the refractive index equation and the equation of 
geodesic deviation. For a light ray travelling along the x-axis in 
ee ee ee кеш 
0 1 

ds" e Combining this with equation (1) and the equa- 
tion Tor geodesic devintiog ара 

dx? ах? 

dr dr (9 


with £, 8=0, 1,2,3 where Rs, is the Riemann-Christoffel 
curvature tensor, and the distance is now measured by the more 
general affine parameter r. 

Evaluation of e is readily done in the Post-newtonian approx- 
imation to general relativity. In this approximation the metric 
tensor is diagonal with elements 

Boo 7 — (1 24 +247) 
& 71-24 (1=1, 2,3) 
where $ is the newtonian gravitational potential. The result is 


re 3 =] 
2— — ——— ——— 
SON MU G2 У, (= (5) 
with the coordinate x' being used as the affine parameter. This 
gives в the dimensions of inverse length. For a system of uniform 
density p we can use Poisson's equation to get from equations (3) 
and (5) 


= (Кз + R32). — 





z * -(5=9 Us 6 


ee +x has been made. Near a single mass 
GM 
like the sun we have $-— 2, Biving 


2GM 3 
1 dE oe x (т) 


Ej dx cr? 2r 
Note that equation (6) comes from the first term in equation (5) 
which is linear in ф whereas equation (7) comes from the other 
terms that are quadratic in ¢. 

As the energy loss rate predicted by equation (6) is propor- 
tional to the photon energy the observed frequency shift cannot 
be distinguished from a doppler shift. It is of interest to deter- 
mine whether equation (6) with the density of the intergalactic 
medium can account for the Hubble redshift in a static universe. 
For a density of n hydrogen atoms m ? the predicted redshift is 


© z-(A—-Aog/Ao Se P —12 Hx (8) 


where H —5.59x 10 7n Pm. In more familiar units this is 
51.7n'7 kms! (Mpc) *. i n with the conventional 
value of 55 kms! (Mpo)"* shows that this theory can explain 
the Hubble redshift if n «1m ? 

The most direct measurement of the density of the inter- 
galactic plasma has been made by Field and Perrenod' who find 
that the background X-ray observations come from a fully 
юше plasma at a temperature of 10*-10° K and a density of 
n=1.6C т, where C = (n®/(nY is a clumping factor. 
However, this result was obtained with an expanding universe, 
where the density at past epochs was greater than this value. For 
a static universe of constant density (but still allowing ап energy- 
loss with distance) a reanalysis of the same data gives T= 
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13x10 K and n =2.4C0™ m^? , which gives a Hubble value of 
80C 7km $^! (Mpc)7?. Unfortunately there is no direct evi- 
dence as to the value of the clumping factor C that would give a 
direct estimate of the Hubble constant. For this density the 
conventional value of 55 km s^! (Mpc) ! requires that C = 1.8 
and that there is an upper limit to the Hubble constant of 
80 km $^! (Mpe). 





06 05 04 03 02 01 0 


cos 6 
Fig. 1 The predicted (solid line) and observed solar limb effect. 
The redshift, expressed as a velocity is plotted against cos (¢) 
where ф is the angle between the line of sight and the solar radius. 
The solid line is the predicted shift from equation 9. The 
experimental results are: + Plaskett'®; A, Adam; and O, Higgs’. 
All experimental results have been corrected for an apparent radial 
velocity of 0.39 km s^! (ref. 11). _ | 


As this is only a plausibility argument several important 
corrections have been omitted. The first is that the cosmological 
curvature has been ignored. This could increase H by ~15%. 
The second is that relativistic corrections to the Gaunt factor 
(used in calculating the X-ray emission intensity) have been 
omitted. Finally the assumption of an iso-thermal intergalactic 
plasma has been made in spite of possible density variations. 
Nevertheless, I suggest that the Hubble redshift could be the 
observed result of a photon-gravitational interaction. 

Careful measurements of the Fraunhofer lines wavelengths 
show a small but systematic redshift across the solar disk reach- 
ing a maximum on the limb. The effect can test the validity of the 
second order terms in the energy loss as given by equation 7..1f ф 
is the angle between the line of sight and the solar radius, the 
expected redshift (expressed as an equivalent doppler velocity) 
is given by à А 

; 2GM | 2 (уула 
ЕЩЕ —————————— 1 em 

o(¢) Re sin (Фф) pi 3 cos? (Ф), аф (9) 
where cos? (фа) = 2/3. The effect is zero for $< po and then 
increases monotonically to a value of 0.911 km s^! at the limb. 
Equation (9) is plotted in Fig. 1 together with the observations of 
Adam*, Higgs? and Plaskett’®. All the observations have been 
corrected for a radial velocity of 0.39 km s" 7! (as determined by 
Plaskett!'). There is excellent agreement with the r.m.s. residu- 
als from Plaskett's data being 0.012 km s^! and for each of the 

others 0.05 km в". 

Integrated over the whole disk the average equivalent redshift 
velocity is 0.191 km s^! in- addition to the normal Einstein 
gravitational value of 0.634 km s^!. Limb darkening alters this 
to 0.153 km s^! (from Allen", with и, = 0.84, va = —0.20). For 
other stars with similar limb darkening the equivalent redahift 
velocity is 0.787 m/r kms"! where m and r are measured іп 
solar units. This value is not inconsistent with observations -of 
white dwarfs and may help to resolve some disagreements 
between gravitational radii me those estimated from model 
atmospheres. 
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This theory clearly predicts that if the line of sight to a radio 
source or a spacecraft passes near the Sun there will be a 
substantial redshift in the observed frequency. Observations" 
of Taurus A at 1,420 Mhz with an impact parameter of SRo 
suggest a possible shift of ~ 120 Hz, whereas observations'* of 
W728 at 1,612 Mhz showed no shift. The most precise results'**° 
are observations of the Pioneer-6 spacecraft at 2,292 MHz. A 
consistent and unexplained redshift was observed as the space- 
craft went behind the Sun, being 120 Hz at 4Re. The anomaly is 
that this theory predicts a shifts of 3,500 Hz in this case and shifts 
of —2,000 Hz for the radio sources. 

The explanation of the discrepancy possibly lies in an inhibi- 
tion effect due to the presence of the solar corona. Efficient 
emission of radiation requires phase coherence of the emitting 
mechanism over a distance of the same size as the emitted 
wavelen ghi In this case the distance required is of order k ! = 
(ska) ^. It is convenient to think of the secondary radiation 
being produced by an interaction between the primary photon 
and a gravitational wave. However, the presence of a plasma, in 
this case the solar corona, alters the velocity of the photon but 
not that of the gravitational wave. If the primary photon has a 
frequency low enough to suffer a relative phase shift of т radians 
over the emission distance the rate of secondary emission will be 
decreased subtantially. For a plasma this critical frequency, o, is 
given by o. =(2wé/ec)'” where c, is the circular plasma 
frequency. ical values for the solar corona are „= 
1.0х10 Hz at 3 Ro and 2.3 x 10, Hz at 10 Ro, showing that 
the critical frequency is well above the observational frequen- 
cies; thus strong inhibition of the interaction seems likely. 

This is not the first proposal that relates the redshift to the 
effect of mass or gravitational fields on photons. Furth" derived 
an expression for frequency shift proportional to curvature by 
analogy with an electron in a circular orbit. However, he consi- 
dered curvature in three spatial dimensions only and suggested 
that the energy loss went into gravitational waves. Stephenson!* 
proposed that there would be a redshift due to absorption or 
shielding of gravitational flux. Gillieson!? used a mechanical 
model for the.photon to explain the observed limb effect. He 
arrived at a redshift proportional to M/r. A similar dependence 
was predicted by Proisy” whereas Sadeh, Knowles and Au"? 
prefer M/ r^. Mo and Pappas?! have treated the propagation of a 
classical electromagnetic wave in a Schwarzchild field which is 
treated as an equivalent medium. They find amplitude variations 
proportional to exp (M/r). However, none of these authors 
gives theory as widely applicable as the one presented here, nor 
do they consider the production of low energy photons as a 
result of the energy loss. 

I argued previously? that the angular momentum and linear 
momentum cannot both remain invariant in curved space-time. 
The method used a classical description of the momenta as 
volume integrals of the Poynting vector and treated curved 
space-time as an inhomogeneous refractive medium. Although 
the predicted energy loss for a photon passing near the Sun is 
similar to equation (7) the over-simplified treatment of curved 
space-time makes the earlier results inaccurate. 

I thank Professor B. Y. Mills and Dr A. J. Turtle for helpful 
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Observations of solar oscillations 
with periods of 160 minutes 


OSCILLATIONS of the Sun with a period near 160 min have 
been reported by Severny et al.' and further described by Kotov 
et al^. The presence of such oscillations would lead to a 
significant increase in our knowledge of solar physics. The 
reported amplitude is of the order of 1 ms ! which is near the 
limit of observing technology. Observations described here at 
the Stanford Solar Observatory from 1975 to the present seem 
to run the reports from the Crimean Astrophysical Obser- 
vatory!? 

At Stanford the relative velocity between a central circular 
area of radius 0.5 Rs on the solar disk and most of the remaining 
area of the solar disk is measured. An optical scheme similar to 
that described in refs 1 and 2 is used and is described in detail by 
Dittmer’. 

Light from the central portion of the solar disk is passed 
through a right circular polariser and light from the outer 
portion through a left circular polariser. The solar line 
Fe 145124 A is observed and a Babcock magnetograph is used 
to measure the wavelength separation between left and right 
circularly polarised light, that is the difference between the 
velocity of the central part of the solar disk and the outer 














Cnmean Astrophysical Observatory (m s^!) 
Stanford Solar Observatory (m s^!) 








Fig. 1 pc epe M o 
the observations during indrvidual years at the Stanford Solar 
Obsereaory (ЫМ Еле) and at ths Crimean Agrophiysieal Obiecr- 
vatory (dashed line) of the difference in velocity between the 
central portion of the solar disk and the outer portion. 
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Tabie 1 Summary of Stanford and Crimean observations 





Year Observatory Dates 
1974 Crimea 4 August- 
9 October 
1975 Crimea 28 June- 
14 October 
1976 Crimea 26 
15 October 
Stanford 1 July- 
15 September 
1977 Crimea 11 March- 
24 October 
Stanford 6 Aprii- 
30 July 
1978 Cnmea 22 April- 
20 August 
Stanford 7 June- 
21 August 


The fact that the period of 160 min is exactly one-ninth of a 
day requires that extreme caution be used in asserting that the 
observed oscillations are solar rather than terrestrial. Our 
observations considered as a continuous dataset lasting several 
months (or years) have considerable power at a period of 24 h 
because we do not observe at night and because there are drifts 
in the zero level through the day. At Stanford drifts in the 
guiding system are found to cause typically a 20 ms"! drift in the 
signal baseline through a day. These drifts are removed by a 
parabolic fit. We describe here a superposed epoch analysis of 
the observations using a period of 160 min. This is equivalent to 
applying a filter that admits power corresponding to this period 
so that even if we have only noise input we will expect to receive 
8 signal in the superposed epoch analysis. The comparison of 
observations between Stanford and the Crimea then rests 
largely on the relative phase of the observed oscillations at the 
two sites. If we both are observing a solar phenomenon we 
should expect to have the same phase within observational 
error, while if we are observing terrestrial phenomena or simply 
noise we should not expect phase agreement. During each of the 
years 1976, 1977 and 1978 the phase at the two observatories 
has been nearly the same, which supports the solar origin of the 
oscillations first reported at the Crimean Astrophysical Obser- 
vatory’*. Table 1 gives the observing schedule during each year 
and the observed phase. 

Figure 1 shows a superposed epoch analysis with period 
160 min of the observations during each year at the Stanford 
Solar Observatory (solid line) and at the Crimean Astrophysical 
Observatory (dashed line). Negative velocity represents expan- 





1974 197 


Fig. 2 Time of maximum expansion in minutes from 0h UT for 

Stanford Observations (S) and Crimean Observations (C). The 

phase is computed from a harmonic analysis. The error bar shows 
the typical uncertainty in phase. 





Harmonic Phase 
14 76 1.43 -22 
28 157 0.89 —14 
32 161 0.36 8 
38 178 0.14 10 
59 280 0.78 32 
43 180 0.21 57 
60 361 0.47 82 
25 130 0.17 94 


sion of the Sun (motion of the central part of the disk towards the 
observer, note that this is the opposite of the convention used in 
previous Crimean publications on this subject) and the error 
bars are twice the standard error of the means. The zero phase in 
Fig. 1 is at 0 h UT. 

Figure 1 shows that in each of the three years the phase at the 
two observatories is nearly the same. Figure 1 also shows 
changes in amplitude from year to year that are about the same 
for both observatories. On a time scale of months there also 
seems to be similar changes in amplitude at the two obser- 
vatories, but due to the small amount of simultaneous obser- 
vations (due to weather and observing schedules) the 
significance and origin of these variations is still uncertain. 

We compute based on instrumental parameters (the size of 
the portion of the solar disk that is compared with the central 
portion of the disk) that the lowest mode of solar oscillation 
would be observed at the Crimea with twice the amplitude of the 
Stanford signal, The remaining factor of about two shown in Fig. 
1 between the amplitude of oscillations observed at the Crimea 
and at Stanford is not understood. 

Figure 1 shows an apparent drift in phase from one year to the 
next. A drift in phase computed with a fixed period is the same as 
an error in the period. This suggests that 160.0 min may not be 
exactly the correct period. Figure 2 shows the phase for all the 
yearly sets of observations available from both observatories. 
The fact that the points from both observatories tend to fall 
nearly on a straight line suggests that both sets of observations 
show solar motions. From the slope of a best fit line we compute 
a drift in phase of about 33 min per yr corresponding to a period 
of about 160.01 min. 

An unknown terrestrial effect related to the time of local noon 
could yield an agreement in phase between the two obser- 
vatories if they were separated in longitude by an integral 
number of 360?/9 intervals, as we are dealing with a period of 
one-ninth of a day. In fact the two observatories are separated 
by 3.9 such intervals, such that Stanford would have a phase 
16 min earlier than the Crimea. In the three years in which we 
have observed, Stanford tends to have a phase later than the 
Crimea. 

The apparent agreement in phase between the two obser- 
vatories as well as the fact that the period seems to differ slightly 
from exactly one-ninth of a day tends to support the inter- 
pretation that we are observing solar oscillations. The depen- 
dence of the amplitude of the oscillations on the phase of solar 
rotation recently observed in the Crimea‘ 1s also encouraging in 
this respect. Subject to the results of further years observations 
our present working hypothesis is that the oscillations are solar 
and that we can proceed towards further study of the modes 
involved and of the implications for our understanding of the 
Sun’s interior. 
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Photoelectrocatalytic reduction of 
carbon dioxide in aqueous 
suspensions of semiconductor powders 


WE report here the photoelectrocatalytic reduction of carbon 
dioxide to form organic compounds such as formic acid, 
formaldeyde, methyl alcohol and methane, in the presence of 
photosensitive semiconductor powders suspended in water as 
catalysts. Photocatalytic reaction kinetics were elucidated by 
reference to the theory of charge transfer at photoexcited 
semiconductors. 

Heterogeneous photocatalytic reactions have recently been 
used to synthesise chemical com рш thereby converting 
solar energy to chemical energy! ^. Schrauzer and Guth have 
reported the photocatalytic reduction of nitrogen on a catalyst of 
wet TiO, powder. Oxygen and hydrogen were formed through 
the decomposition of water, and ammonia and/or hydrazine 
were also obtained through the photo-assisted synthesis of 
nitrogen and water on the TiO, catalyst). Semiconductor pho- 
toelectrodes have been much investigated, with emphasis on 
electrochemical photocells converting solar energy to chemical 
and/or electrical energy**. Photogenerated carriers (electrons 
and holes) in the space charge layer of a semiconductor elec- 
trode can transfer to the reactants in an electrolyte solution, and 
cause the photoassisted decomposition or synthesis of chemical 
tompounds"*, Semiconductor catalysts may be assumed to 
undergo charge transfer across a solid-liquid junction similar to 
that in semiconductor electrodes; that is, charge transfer 
between semiconductor and redox reagents in solution would 
take the form of a conduction band and a valence band. Hem- 
minger et al. have reported that methane was formed through 
the photosynthetic reaction of gas phase water and carbon 
dioxide molecules adsorbed onto strontium titanate surfaces in 
contact with platinum foil’. Recently Halmann has reported that 
carbon dioxide in an aqueous solution was reduced to formic 
acid at the p-type GaP: photocathode in the electrochemical 
photocell with a fairly high conversion efficiency ?. 

In this study we attempted the photocatalytic reduction of 
carbon dioxide on various semiconductor photo-catalysts such 
as WOs, TiO;, ZnO, CdS, GaP, and SiC (99.5-99.9999% 
purity). In each case, semiconductor powder (200-400 mesh) 
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1.0—2.0 g was suspended in the 100 ml of purified water in a glass 
cell. Highly purified carbon dioxide gas was bubbled at 3 litres 
per min through a water-suspended catalyst shaken by a 
magnetic stirrer. The suspensions were illuminated, through a 
quartz window in the glass cell, by a 500 W Xe lamp or a 500 W 
high pressure mercury arc lamp. Illumination wavelengths were 
selected with cutoff filters. Products of the photocatalytic reac- 
tions were analysed by gas chromatography (Hitachi 163) using 
polyethyleneglycol (PEG) 200 and molecular sieve as column. 


Table 1 Summary of yields of reduced products of carbon dioxxde on 





various semiconductor catalysts 
Catalysts Yields of products 
(1.0 8/1002] Illumination HCHO CH,OH 
water) period (h) (x10? M) (x107* M) 
то» 7.0 1.1 2.3 
TiO, 14.0 18 7.8 
TiO 30.0 1.8 146 
Ti 7.0 0.0 0.0 
220 7.0 1.2 3.5 
CdS 7.0 2.0 11.7 
GaP 7.0 1.0 11.0 
SiC 7.0 1.0 53.5 
WO; 7.0 0.0 0.0 
Electrodes Yields of products 
(-1.5V Amount of HCHO CH4,0H 
уз SCE) charges (C) (x 107? M) (x107* М) 
TiOt 108 17, 11.7 
то 180 2.8 567 
p-GaP§ 240 3.6 73.0 


* ПО, suspension was illuminated with light of wavelengths longer 
than 500 nm. 

t TiO, electrode in 50 mM H3SO, aqueous solution was not illu- 
minated. 

t TiO, electrode in 500 mM H,SO, aqueous solution was not illu- 
minated. 


$ GaP electrode in 500 mM H4SO, aqueous solution was illuminated 
with light of wavelengths shorter than 500 nm. 


Formic acid, formaldehyde, and methyl alcohol were 
produced through the photocatalytic reduction of carbon diox- 
ide in aqueous suspensions of semiconductors such as TiO, 
ZnO, CdS, GaP and SiC, when the suspensions were illuminated 
with light which was absorbable for the catalyst. A trace of 
methane was also detected in the gaseous products, which were 
trapped with liquid nitrogen refrigerant. Results of quantitative 
analysis of yields of reduced compounds from photocatalytic 
reduction of carbon dioxide in aqueous suspensions are given in 
Table 1. When the experiments were carried out in the dark or 
under illumination with a light not absorbed by semiconductor 
catalysts, no reduced products of carbon dioxide were detected 
with any of the semiconductor catalysts tested; as an example 
the results with TiO, are shown in Table 1. 

The photocatalytic reactions are considered to follow the 
schemes. 


catalyst + hv ——» catalyst* (ezoa + Phu) 
for an oxidation 
H10 +2phı —> 1/20,+2H* 
for reductions 
СО, (ад) -2H* + 2e zwa — HCOOH 
HCOOH + 2H* + 265.4. — HCHO + H;O 
HCHO +2H* + 2е5,.а —> СН,ОН 
CH,OH +2H* + 2¢3,.4 —> CH, + H2O 


where eza and ph; denote an electron in the conduction band 
and a positive hole in the valence band, respectively. 

Reduced compounds such as formaldehyde and methyl alco- 
hol were best produced on SiC semiconductor catalyst after 
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ҮМ of CH,OH (x 107? M) 





Fig.1 Correlation between the yield of CH,OH and the conduc- 

tion bands of semiconductor catalysts. Dashed line denotes the 

standard redox potential of a CH;OH/H,CO, couple. Potentials 
are expressed against the normal hydrogen electrode (NHE). 


illumination for 7 h, as shown in Table 1. Figure 1 shows the 
yields of methyl alcohol by photocatalytic reduction of carbon 
dioxide as a function of the energy levels of the conduction band 
of the semiconductor catalysts. The yields of methyl alcohol 
increase as the conduction band becomes more negative with 
respect to the redox potential of H;CO,/CH;OH, whereas 
methyl alcohol was not produced in the presence of WO, 
catalyst which has a conduction band more positive than the 
redox potential of H;CO,/CH40H. 

In experiments with semiconductor electrodes, carbon diox- 
ide was reduced electrolytically to formic acid, formaldehyde, 
methyl alcohol and methane at the unilluminated T1O; elec- 
trode or at the illuminated p-type GaP electrode when both 
semiconductor electrodes were polarised at a potential of 
—1.5 V against a saturated calomel electrode for 2 h (Table 1). 
Thus electrons in the conduction band of semiconductor elec- 
trodes are able to reduce carbon dioxide in an aqueous solution. 

It has been suggested that at semiconductor electrodes, the 
charge transfer rates between photogenerated carriers in semi- 
conductors and the solution species depend on the correlation of 
energy levels between the semiconductor and the redox agents 
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Fig. 2 А schematic illustration of the energy correlation between 


semiconductor catalysts and redox couples in water. CB and VB 
denote & conduction band and a valence band, respectively. 
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in the solution", That is, the solution species of redox poten- 
tial the more positive with respect to the conduction band level is 
better reduced at semiconductors. This hypothesis is illustrated 
in Fig. 2 which shows the energy correlation at the semiconduc- 
tor-solution junction. When estimating charge transfer it is 
assumed that for semiconductor catalysts, as for semiconductor 
electrodes, photo-excited electrons in the more negative 
conduction band have the greater ability to reduce carbon 
dioxide in the solution. 

Thus the photocatalytic reaction on a semiconductor catalyst 
appears to take place through the action of the photogenerated 
carriers (electrons and holes) acting as components of a local 
cell—reduction by electrons occurring in a conduction band and 
oxidation by holes in a valence band. The estimated quantum 
yields of production for photocatalytic reduction of carbon 
dioxide were ~5.0 x 10™ for HCHO and 1.9 x 107* for CH,OH 
with a TiO, catalyst, and 5.0x 10 * for HCHO and 4.5x 10^? 
for CH,OH with SiC as catalyst, measured against the absorb- 
able incident photons. We are now investigating the detailed 
dynamics of the photocatalytic reaction on the semiconductor 
catalysts. 
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Highly efficient quantum conversion 
at chlorophyll a—lecithin 
mixed monolayer coated electrodes 


THE design of solar conversion systems based on the photosyn- 
thetic primary reactions has attracted much attention recently. 
For instance, photoelectrolysis at a chlorophyll (Chl) a—water 
aggregate coated platinum electrode 8s a photocathode has been 
studied by Fong et al.’*, and simulation of the photoinduced 
electron transfer across the thylakoid membrane as well as of the 
biological ordered structure in a chloroplast has been attempted 
by Tien et 21° using a Chl a-containing bilayer lipid membrane 
(BLM). We have already attempted to combine these different 
approaches by using a Chl a monolayer coated SnO, trans- 
parent electrode as a photoanode, and a maximum photocurrent 
quantum efficiency of 12-16% was attained with Chl a-stearic 
acid mixed monolayer systems. In that case, however, a decrease 
of the quantum efficiency was observed at Chl a-stearic acid 
molar ratios <1.0; this might be due to the formation of 
pheophytin a and/or to a possible heterogeneity of the mixed 
monolayers. We describe here how we have overcome such 
problems by using a phospholipid instead of the fatty acid as a 
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diluent for a Chl a monolayer. The hydrophobic interactions 
between, Chl a and phospholipids have been well investigated 
both in vivo and in vitro, and the physical stability and photo- 
chemical activity of СЫ a-synthetic lipid mixed layers were also 
confirmed in the BLM study’. 

Chl a was prepared from spinach as previously reported*. 
Synthetic L-a-dipalmitoyl lecithin (DPL, Sigma) was used as a 
phospholipid without further purification. An SnO; optically 
transparent electrode (ОТЕ) was used as a substrate of the 
monolayer deposition. The mixed monolayers of Chl a and DPL 
were prepared by spreading 2 x 107* M benzene solutions of Chl 
a and DPL in various molar ratios onto 10 ? M phosphate buffer 


solution (pH 7.5-8.0) in a Langmuir trough. A singlelayerofthe . 


mixed monolayer formed on the aqueous surface was deposited 
onto the SnO; OTE under the constant surface pressure of 
20 dyn cm. The electrochemical measurement setup was as 
reported previously. The electrolyte solution used consisted of 
0.1 M NazSO,, 0.025 M phosphate buffer (pH 6.9), and 0.05 M 
hydroquinone a5 a reducing agent, and was flushed with nitrogen 
throughout the experiments. Monochromatic light from a 500- 
W Xe-arc lamp irradiated the monolayer coated SnO, OTE and 
the photocurrent was measured by a Keithley picoammeter 
(Model 417) in a potentiostatic condition of +0.1 V versus 
saturated calomel electrode (SCE). 

The surface pressure-area (F—A) characteristic of Chl a-DPL 
mixed monolayer is compared in Fig. 1 with that of pure Chl а. 
The stability of the mixed monolayer, even at pressures higher 
than 24 dyn сш”! (the collapse pressure of Chl a monolayer), 
implies that the present Ch! a-DPL mixed monolayer could 
form a homogeneous two-dimensional solution. This homo- 
geneity can be also supported by the observed change in the 
absorption property of the mixed monolayer following the 
dilution of Chl a content. On decreasing the molar ratio of Chl 
a-DPL from 1:0 to 1:99, the peak position of the red absorption 
band was found to shift gradually from 675 nm due to an 
aggregated state of Chl a towards 665 nm due to the monomeric 
state, accompanying the decrease in absorbance in proportion to 
the surface concentration of Chl a. These physical and spectral 
properties indicate the formation of homogenously mixed 
monolayer as reported for other СЫ a-diluent systems*?.— . 
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A (À? per molecule) 


FMg.1 F-A characteristics of a Chl a-DPL (1:1) mixed monolayer 

and a Chl a monolayer: a, Chl a-DpL (1:1) mixed monolayer; 5, 

pure Chl a monolayer. Aqueous phase, 10°? M phosphate buffer 
(pH 7.5); ап atmosphere at 25 *C. А 
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Fig. 2 Photocurrent spectrum at 500, OTE deposited with 

mixed monolayer of Chl a-DPL (1:9). Dashed curve indicates the 

absorption spectrum of the mixed monolayer at the OTE-elec- 

trolyte interface. Composition of the electrolyte solution, 0.05 M 

hydroquinone, 0.1 M Na5SO,, and 0.025 M phosphate buffer (pH 

6.9); electrode potential 0.1 V versus SCE; incident flux of mono- 
chromatic light, 2 x 10'* photons s^! cm 7, 


When a Chl a-DPL mixed monolayer was irradiated in the 
electrochemical cell, an anodic photocurrent was always 
obtained in accordance with the electron injection from excited 
СЫ a into the conduction band of SnO;. A typical photocurrent 
spectrum, corrected for the slight background photocurrent of 
SnO,, for the mixed monolayer of molar ratio Chl a-DPL of 1:9 
is shown in Fig. 2: The magnitude of photocurrent corresponds 
to a constant incident flux of 2x 10'^ photons s^! cm ? at each 
wavelength. The photocurrent spectra coincided well with the 
absorption spectra of mixed monolayers at OTE-electrolyte 
interface. The quantum efficiencies of photocurrents were 
determined in terms of electrons flowing per absorbed photon, 
the latter could be estimated from the incident photon flux 
measured by chemical actinometry and from the monolayer 
absorbance at an OTE-electrolyte interface. The photocurrent 
quantum efficiencies obtained with mixed monolayers at 
different molar ratios are listed in Table 1, together with the 
calculated mean intermolecular distances between Chl a mole- 
cules. As the Chl a-Chl a intermolecular distance increases, the 
photocurrent efficiency also tends to increase, with a hypso- and 
bathochromic shift of the photocurrent peak positions in the red 
and blue regions, respectively. Such an enhancement of the 
quantum efficiency is attributable to the suppression of inter- 
molecular energy transfer between Ch! a molecules by the 
increase in its intermolecular distance, because the energy 
transfer inevitably accompanies an energy loss which eventually 
decrease the overall efficiency of electron injection from excited 
Chl a to SnO,. The concomitant shifts of photocurrent peak 
positions are compatible with the shifts in absorption peaks 
described above, and the absence of the characteristic peaks due 
to pheophytin a around 400—410 nm and 500—540 nm (ref. 10) 
in both photocurrent and absorption spectra of mixed 
monolayers indicates that the pheophytin formation is 
effectively suppressed in the present systems; a similar stability 
against the pheophytinisation was recently investigated by 
Iriyama (ref. 11 and personal communication). 

The maximum efficiency of 25+5% obtained in this work at 
neutral pH is relatively large, and almost twice that attained with 
the Chl a-stearic acid system®. Moreover, an examination of the 
pH dependence of the photocurrent showed that the quantum 
efficiency could reach 30+ 596 when the experiment was done in 
the electrolyte solution at pH — 5. These values are sufficiently 
larger than the quantum conversion efficiencies reported 
(107° — 107?) (refs 3, 4, 12-14) with other solar conversion cells 
using Chl a as a photoreceptor. 
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Meilanov et al.’* in their attempt to verify the semiconductor 
model of photosynthesis, found a relatively high quantum 
efficiency (12-2096) for bulk photoconductive effects in metal- 
sandwiched dry Chl layers (0.3—2 ш thick) across which a high 
voltage (30-250 V) was applied. Our system is essentially 
different in that the photocurrent is produced by a direct elec- 
tronic coupling between an excited Ch] and the conduction band 
of SnO,, not by an accelerating effect of the electric field across 
the Chl layer. 

An extension of the present experiments to the construction 
of biomimetic membranes on SnO- OTE by incorporating other 
photosynthetically important compounds into the Chl a-DPL 
mixed monolayer would be highly promising in view of the in 
vitro simulation of the photosystem II in plant photosynthesis. 

We thank Dr K. Iriyama for useful discussion, and Tien-Kai 
Li for technical assistance. This work was supported in part by a 
grant-in-aid from the Ministry of Education of Japan. 
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Enhanced CO, сое 
to compensate for : 
reduced solar luminosity on | early Earth 


CURRENT sid for the evolution of the Sun require an 
increase in solar luminosity by 25% since the formation of the 
Solar System’. Such an increase in the solar constant should 
have profound effects on the terrestrial climate, but there is no 
evidence from the fossil record of a corresponding change in the 
Earth's global mean temperature”. This apparent conflict cannot 
be explained by the apparent inability of solar models to account 
for the low observed neutrino flux’. Even models that are forced 
to fit the neutrino data require a similar increase in the solar 
luminosity. As Newman and Rood' state: “а faint young Sun is 
one of the most unavoidable consequences of stellar structure 
considerations”. We discuss here whether CO4-H30 in a weakly 
reducing atmosphere could have caused this change in the early 
Earth's temperature by the so-called greenhouse effect. 

Sagan and Mullen* suggested that the solution must lie in a 
more efficient atmospheric greenhouse effect on Earth during 
the period when the solar luminosity was low. To increase the 
greenhouse effect, it is necessary to change the atmospheric 
composition, or density, or both. Sagan and Mullen‘ postulated 
that the atmosphere was reducing during the early history of the 
Earth and found that a small amount of ammonia in the atmos- 
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phere (mixing ratio 1077-109) would provide the necessary 
opacity to outgoing infrared (IR) radiation to increase the mean 
surface temperature. In this model, the transition from reducing 
to oxidising conditions with the replacement of the NH4-H;O 
greenhouse by a CO;-H3O greenhouse comes about as a result 
of the development of widespread green plant photosynthesis 
1,000—2,000 Myr ago. A similar route was invoked by Hart’, 
who developed a more detailed model for the evolution of the 
atmosphere. 

We agree that an enhanced greenhouse effect caused by a 
change in atmospheric composition is a good solution to the 
solar constant dilemma, but we think the NH4-H4O model is 
unrealistic. Current thinking about the early atmosphere of the 
Earth is shifting away from the traditional view that called for a 
highly reduced mixture of methane, ammonia and hydrogen, for 
reasons summarised by Walker. More recent data have simply 
added strength to Walker's conclusions. As the noble gases on 
Mars show the same pattern of relative abundances as they do on 
Earth and in the ‘planetary component’ of the meteoritic gases, 
whatever fractionation process caused this pattern must have 
occurred before planet formation’. This being the case, the 
cosmic abundance ratio of 1.6 х 10* for H/Ne* gives the maxi- 
mum amount of hydrogen available for a 'captured' primitive 
atmosphere. Using the present atmospheric partial pressure of 
Ne (12.7 x 1075 bar), the maximum hydrogen partial pressure on 
the primitive Earth from this source was 10 mbar. As Walker 
has pointed out, such an atmosphere would have dissipated in 
<10* yr. The partial pressure of ammonia in this atmosphere 
would have been comparable to that of neon, but its lifetime 
against photodissociation would have been short and it would 
have been out of equilibrium with crustal rocks. 

Photochemical calculations by Kuhn and Atreya" indicate 
that ammonia would be irreversibly converted to N; on the 
primitive Earth in «40 yr if the mixing ratio were 310%. 
Eugster/^ has investigated the stability of ammonia on the 
primitive Earth and concluded that a mixture of М, and H, will 
predominate over ammonia in a normal crustal environment. 
Outgassing of ammonia after the last phase of accretion (or after 
differentiation, choosing either an inhomogeneous or homo- 
geneous model for planet formation n) seems precluded by the 
lack of free iron in the upper mantie^. As life must have begun 
after this phase in the planet's history, it seems reasonable to 
agree with Eugster'? that any initial ammonia in the atmosphere 
**was oxidised to nitrogen long before the origin of life". Small 
amounts of methane and ammonia may have been transiently 
present in later times as a result of meteoritic and cometary 
impact, but lunar evidence indicates that bombardment rates 
must have been close to their present low values ~3,600 Myr 
айо. 

In fact, the idea that the chemistry preceding the origin of life 
must have occurred in highly reducing conditions supported the 
traditional view of the composition of the early atmosphere". 
But there have been sufficient demonstrations that pathways 
towards the formation of essential pre-life compounds can occur 
only in weakly reducing conditions for this argument to have lost 
its original force. For example, Abelson’ was able to Я 
amino acids from the UV irradiation of a mixture of CO;, СО 
Na, H20 and just 1-10% H4. This seems a much more reason- 
able composition for the post-accretion (or post-differentiation) 
atmosphere of the primitive Earth*’®. It is especially unlikely 
that the ammonia-containing mixture invoked by and 
Mullen‘ (or ammonia plus methane suggested by Hart”) would 
last for 2,000—3,000 Myr after formation of the planet. But can 
this weakly reducing atmosphere provide the required green- 
house effect? The answer depends on carbon dioxide and water 
vapour, as the other gases are ineffective absorbers of IR 
radiation. 

We have tested this possibility by assuming that the concen- 

tration of CO, in the early atmosphere was much higher than the 
present value. We have coupled the evolutionary model for the 
CO, abundance used by Hart? with a radiative-convective 
CO,-climate model. (We used the model as in Augustsson and 
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Table 1 Predicted global surface temperature, T,, throughout the 
evolution of the Earth's atmosphere 





Time $ Pco; T. 


8 

(10° yr BP) (М m^) (bar) (K) 
4.25 1,039 0.31 310 (284) 
3.5 1,096 0.070 296 (284) 
3. 1,133 0.033 293 (284) 
2.5 1,171 0.018 292 (286) 
2.0 1,209 0.0086 290 (286) 
1.5 1,247 0.0029 288 (286) 
1.0 1,284 0.00065 286 (285) 
0.5 1,322 0.00032 287 (287) 
0 1,360 0.00032 290 (290) 





The solar constant, S, is taken to be 5 = 1,020 W тг? 4,500 Myr ago 
and is assumed to increase linearly with time. The CO; surface pressure, 
Рсоз is from Hart®. Temperatures listed in parentheses refer to 
deletion, within the model, of weak CO; bands at 9-10, 12 and 18 um. 


Ramanathan” except that we do not include the 7.6 um pres- 
sure-induced band of CO, in the present analysis, because of the 
lack of band absorption data for the large amounts of CO; 
considered here.) Hart's model comprises a numerical simula- 
tion of the evolution of the Earth's atmosphere over its 
4,500 Myr history, accounting for time-dependent outgassing, 
the Urey equilibrium, the onset of photosynthesis, and crude 
atmospheric chemistry to develop the time-history of the CO; 
concentration. Hart also presents NH; and CH, concentrations 
but we do not believe that these gases would persist within the 
early atmosphere. Moreover, even if CH, were present in the 
early atmosphere, this constitutes a very inefficient greenhouse 
gas. Quite obviously Hart's attempt contains many modelling 
uncertainties, but at least it produces a first estimate for the 
variability of atmospheric CO, over geological time. 

Although Нагі has considered the greenhouse effect from 
enhanced СО», as well as other gases, he uses grey gas radiation 
modelling. But the realities of accounting for enhanced CO; 
require a more detailed radiation model'^ ^. Moreover, Hart 
has used a cloud radiation model which produces strong nega- 
tive climate feedback, contrary to the findings of recent cloud- 
climate modelling studies'^"". This occurs as Hart relates global 
cloud amount to atmospheric water-vapour content, such that 
his cloud amount increases with increasing planetary surface 
temperature. But recent model predictions suggest that the 
reverse occurs (see ref. 16). Hart has additionally neglected the 
IR opacity of clouds. Thus, in his model, a warmer planet 
produces an enhanced planetary albedo due to increased cloud- 
iness, but with no compensatory IR modification, and for this 
reason his model gives negative cloud feedback. 

In the present study, we ignore climate-induced changes in 
cloud-cover fraction, following the suggestion that the cloud 
albedo and IR modifications are compensatory". Moreover, we 
do not attempt to incorporate ice-albedo feedback, as the extent 
of the polar caps seems to depend on ocean advection and, in 
turn, the positions of the continents which have changed 
considerably over geological time'*. Even without this effect, 
there are substantial uncertainties in modelling ice-albedo 
feedback". Our model mostly predicts global temperatures 
greater than those at present; neglect of positive ice-albedo 
feedback will simply produce an underestimate of these 
temperatures. We further assume that the Earth's surface 
albedo is constant and equal to its present value, ignoring 
changes caused by mountain building and surface vegetation. 

The results of our modelling are summarised in Table 1. We 
have simply assumed a total atmospheric pressure of 1 bar; the 
predicted global temperatures are not particularly sensitive to 
this assumption. The solar constant was taken to be 
1,020 W m"? (75% of the present value), 4,500 Myr ago. 

The predicted global temperatures of Table 1 suggest that 
enhanced CO, concentrations could have been the sole 
mechanism for preventing glaciation of the Earth when there 
was reduced solar luminosity. Past global glaciation would be 
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implied by climate models in the absence of an increased 
atmospheric greenhouse". Within the confines of our model 
calculations, the Earth was never more than 4 K colder than at 
present. This, of course, does not account for glacial~intergiacial 
oscillations which, on our time scales, comprise short-term 
climatic variability. 

A detailed analysis of our model results revealed that some 
weak bands of CO,, which have been neglected in previous 
studies of this problem*”, contribute significantly to the surface 
warming. These comprise two bands at 12 um, two bands at 
18 шп, and two bands in the 9-10 um region. Predicted global 
surface temperatures, deleting these weak bands within the 
model calculation, are included in parentheses in Table 1. 
Clearly, these weak bands are important for large CO; concen- 
trations. In this context, the neglect of the 7.6 um band in the 
present model would produce an underestimate of the 
computed surface temperatures by about 5-10 K for CO, sur- 
face pressures of the order of 0.1-0.3 bar. 

Our results are quite insensitive to events occurring from 
4,500 to 4,250 Myr ago. For example, if there were an initial 
global glaciation during this time period, due possibly to limited 
outgassed СО,, the CO, greenhouse effect at 4,250 Myr ago 
would be sufficient to melt the surface ice. To show this, taking 
the surface albedo for an ice-covered Earth to be 0.7, we 
estimate the corresponding global temperature 4,250 Myr ago 
to be 285 K, far too high for global glaciation to persist. 

We conclude that there is no need for ammonia to be present 
in the early atmosphere to maintain moderate temperatures 
when the Sun's luminosity was low. Carbon dioxide alone is 
sufficient, provided the partial pressure of this gas approaches 
the values suggested by the evolutionary model of Hart’. In view 
of the huge amount of CO, that has been produced over 
geological time and our lack of knowlecge about rates at which 
release and deposition occurred in primitive times, this does not 
seem an unwarranted assumption. In fact, more detailed cal- 
culations may permit us to place a limit on the amount of СО, 
that could ever have been present in the atmosphere at one time, 
as the full complement (some 70 bar) would have caused exces- 
sive warming of the Earth's surface. We are also pursuing 
applications to the atmosphere of Mars, where larger CO; 
abundances in primitive times might have provided a sufficient 
greenhouse effect to permit the flow of liquid water apparently 
required by the evidence for fluvial erosion on that planet's 
surface. 

The transition to an oxidising atmosphere on Earth between 
2,000 and 2,500 Myr ago, brought about by green-plant pho- 
tosynthesis, is then not accompanied by a transition from an 
МН,-Н,О to a СО,-Н,О greenhouse, but rather represents a 
simple increase in free molecular oxygen with the concomitant 
disappearance of CO. The composition of the intermediate 
atmosphere, spanning ~2,000 Myr from the early escape of 
hydrogen to the onset of oxygen-producing photosynthesis, was 
probably very similar to the present atmospheres of Mars and 
Venus, two planets on which any living organisms (if present) 
apparently have not been able to influence atmospheric 
composition as they have on Earth? 7. 
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2,390 Myr Rb-Sr whole-rock for 
the Scourie dykes of north-west Scotland 


THE Scourie dyke swarm intrudes the Lewisian Complex in 
north-west Scotland. The structural state of these basic dykes is 
used to subdivide the Lewisian into the pre-dyke ‘Scourian’ and 
post-dyke ‘Laxfordian’ complexes’. The ~2,700 Myr (refs 2-4) 
pyroxene-granulite facies Scourian gneisses of the Assynt area 
contain undeformed NW-trending dykes. Gneisses and dykes, 
which underwent the —1,900 Myr (refs 5, 6) Laxfordian event, 
are now deformed and metamorphosed at amphibolite facies. 
Previous K-Ar measurements for the Scourie dykes in the 
Assynt area of the Lewisian gave a minimum age for dyke 
injection of 2,200 Myr (ref. 7). Younger K-Ar ages were 
thought to reflect later Laxfordian overprinting. I report here a 
Rb-Sr whole-rock isochron age of 2,390 € 20 Myr (2с) and an 
initial "'Sr/*9Sr ratio of 0.7022 € 0.0001 (2a) for the Scourie 
dykes. 

The Rb-Sr whole-rock method is in principle more suited to 
the problem of determining the emplacement age of the Scourie 
dykes. However, the range in Rb/Sr and measured "'Sr/"^Sr 
ratios of the individual dykes is very small, and so any geological 
scatter in the data points will result in a large error in the 'fit of 
the isochron' and, hence, in the calculated age. Table 1 gives 
Rb-Sr whole-rock isotopic analyses for suites of samples from 
three Scourie dykes in the area of least post-2,700 Myr defor- 
mation and metamorphism at Scourie. The dykes at north and 
south Scourie Bay are fresh two-pyroxene dolerites", but the 
Kylesku Dyke contains amphibole replacement of pyroxene’. 

The ages and initial *’Sr/*°Sr ratios of these three dykes, 
presented in Table 2, are all within 2 sigma error limits. Statisti- 
cal tests (Student's t-test) show that the slopes of the isochrons 
are not significantly different at 95% confidence limits. There is 
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Fig.1 Rb-Sr whole-rock combined isochron of samples from ‘The Scourie 

Dyke’ (W), Kylesku Dyke (@), and ‘Scourie Graveyard Dyke’ (A). This 
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no geological or petrological evidence to suggest that these 
dykes are not cogenetic or coeval. The 33 data points combined 
define an isochron (MSWD = 2.1) which gives an age of 2,390 + 
20 Myr (2a) and an initial "Sr/*SSr ratio of 0.7022 0.0001 
(20) (Fig. 1). This low initial ""Sr/*^Sr ratio is within the range 
thought characteristic of rocks derived from upper mantle 
source regions at —2,400 Myr (ref. 9). The age from this iso- 
chron is interpreted as being close in time to the primary igneous 
crystallisation of the dolerite dykes in the Scourie region. 
Combining the three sets of data has increased the range in 
Rb/Sr ratio and considerably reduced the calculated error on 
the time of emplacement. This low +20 Myr uncertainty 
depends on the dykes being intruded at the same time and from 
the same source region. The combined Rb-Sr whole-rock age of 
2,390 + 20 Myr is considered the best estimate for the time of 
emplacement of the Scourie dykes investigated. 





Table 1 Rb-Sr whole-rock isotopic analyses for samples from three Scourie 





dykes 
Rb/Sr Rb Sr 
Sample (+2% (р.р.т. (p.p.m. Р 
по. 0.002) 10%) +10%) 876гуёббг — S7Rp/S6sr 
‘The Scourie Dyke’, north Scourie Bay (GR 151455-144458) 
MC 64 0.116 16.2 139 0.71395 € 8 0.336 
MC 65 0.103 14.9 145 0.71265+4 0.299 
МС 66 0.168 25.0 148 0.71901+6 0.488 
МС 67 0.121 18.3 151 0.71432+6 0.350 
МС 68 0.115 17.2 151 0.71363 46 0.331 
MC 69 0.180 25.8 144 0.71997 +8 0.520 
MC 70 0.170 25.5 149 0.71923 £4 0.492 
MC 71 0.108 16.4 152 0.71295 +6 0.313 
MC 72 0.148 22.7 153 0.71717 +6 0.429 
MC 73 0.154 22.7 147 0.717314 0.445 
MC 74 0.161 24.3 151 0.71806 x4 0.466 
MC75 0.122 18.0 148 0.714404 0.352 
Kylesku Dyke (GR 234330) 
MC 76 0.0920 15.3 166 0.71149 x6 0.266 
MC 77 0.1025 17.1 166 0.71221 +4 0.297 
MC 78 0.0930 15.2 164 0.71131+4 0.269 
MC 79 0.0725 13.0 179 0.70926 £4 0.210 
MC 80 0.1030 18.1 176 0.71246 € 3 0.298 
MC 81 0.0855 12.1 141 0.71074x8 0.247 
MC 82 0.0930 13.1 142 0.71163x4 0.269 
MC 83 0.0745 12.5 169 0.70980 £4 0.216 
MC 84 0.0810 13.4 166 0.71038 +4 0.234 
MC 86 0.0915 15.2 166 0.71149 x4 0.265 
MC 87 0.0935 15.1 161 0.71168 £6 0.271 
‘Scourie Graveyard Dyke’, south Scourie Bay (GR 148448) 
MC 13 0.0385 7.3 185 0.70600 +6 0.111 
MC 14 0.0395 8.5 215 0.70594 £6 0.114 
MC 15 0.0255 4.1 160 0.70458 £ 4 0.074 
MC 16 0.0460 6.9 150 0.70683 +4 0.133 
MC 17 0.0520 7.9 151 0.70708 £4 0.150 
MC 18 0.0515 73 149 0.70757 x 8 0.149 
MC 19 0.0460 6.7 146 0.70696 +8 0.133 
MC 20 0.0420 7.3 173 0.70641 +6 0.122 
МС 21 0.0460 6.5 142 0.70665 +6 0.133 
МС 22 0.0350 5,7 164 0.70569 + 4 0.101 


erence e E d 


Rubidium and strontium were separated from the 3-5-kg samples by the 
standard techniques used in this laboratory?! ^. Isotope analyses were made on a 
12-inch solid-source mass spectrometer using single Ta filaments". Sr blank was 
always better than 6 ng and Rb blank less than 2 ng. Rb/Sr ratios were determined 
by X-ray fluorescence using extended counting times (not less than 400 s) on both 
peaks and backgrounds. The precision on duplicate analyses was always better 
than 2% or 0.002 (whichever is the greater) and were checked against isotope 
dilution analyses. The value of 1.42 х 107}! yr^! was used for the "Rb decay 
constant!?. All errors are quoted at the 2 sigma level. 


The main Scourian event formed granulite facies gneisses and 
NE-SW-trending structures. A later phase of NW-SE folding 
and associated almandine-amphibolite metamorphism has been 
recognised in the Assynt area'^"^, This younger Inverian' 
event was synchronous with or occurred immediately before the 
intrusion of the Scourie dykes. The 2,390 20 Myr date for the 
emplacement of the Scourie dykes provides a minimum age for 
this Inverian event. This is significantly older than the 2,200 Myr 
age previously quoted for this event^ 971° and perhaps indicates 
that the Inverian was a late phase of deformation and retrogres- 
sive metamorphism in the major Scourian event. 


© Macmillan Journals Ltd 1979 


Nature Vol. 277 22 February 1979 


Table 2 Ages and initial 875ү/ 86st ratios of three Scourie dykes 





No. of 
Locality data points Аве (Myr) (°Sr/*°Sr)p  MSWD 
North Scourie Bay 12 2,330+60 0.7025 £3 14 
Kylesku 11 2,380 + 150 0.7023 +6 2:3 
South Scourie Bay 10 2,5802 220 0.701824 24 
Mean (Fig. 1) 33 2,390 +20 0.7022x1 2.1 


The ~2,400 Myr age for the emplacement of the Scourie dyke 
swarm indicates that the Scourian tectonic episode had ceased 
by the beginning of the Proterozoic. This area of early continen- 
tal crust then remained stable until the Laxfordian metamorphic 
and deformational event. 
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Geomagnetic intensity in 
Athens between 2000 вс and Ap 400 


MEASUREMENTS of the intensity in Athens of the geomagnetic 
field between 2000 BC and AD 400 are reported here. The 
material from which the intensity was determined consisted 
primarily of sherds from the Agora excavations. Some sherds, 
and a whole skyphos, from the collection of the Ashmolean 
museum at Oxford were also sampled. The ancient intensity of 
the Earth's magnetic field was inferred from stepwise thermal 
demagnetisation. This is essentially the technique developed by 
Thellier', with the modifications described by Walton’. 

The magnetisation was measured with a Squid magnetometer 
which was essentially that described by Walton’. Of the alter- 
ations to the apparatus the major change was to move the 
heating oven and field coils to a position below the 
magnetometer. The manipulations of the specimen were 
accomplished pneumatically. These were controlled by a small 
computer which also processed the signal from the Squid, 
printing out the components of the magnetisation, M. 

The laboratory field, H,, was applied in the vertical direction 
and, as described by Walton’, an attempt was made to minimise 
the change in the vertical component of M, М,. In practice, the 
choice of field was within 10-2096 of the correct value. Accord- 
ingly, values of M, were obtained both with a laboratory field 
applied, М, and with no field applied M°. The values of M? 
were then plotted against M? and the laboratory field corrected 
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to give that field which would have produced a stationary value 
of MË. Values were also obtained for the transverse component, 
M# and Mj. The values of M; were plotted against М, and the 
slope of the resultant line yielded the angle between M and H. 
By dividing the corrected laboratory field, H, by the cos of this 
angle the estimated value of the anciert field was obtained. 

Measurements were made, using the above procedure at 
temperatures which were nominally 200, 250, 300, 400, 500, 
and 600 °С (the higher temperatures were often omitted if the 
sample had already demagnetised sufficiently at lower tempera- 
tures). 

In addition, values of М" and My were obtained at inter- 
mediate temperatures. M! was then plotted against МУ. As no 
component of H was present in the transverse direction, МЕ 
provided a measure of the degree to which the sample had 
demagnetised. Thus the plot of М" against МУ could also be 
used to correct H. Both plots were used, and the value of H 
which was used was an average of the two. 

Finally, the angle between М? and some arbitrary direction in 
the horizontal plane was monitored. The aim of this procedure 
was to identify the presence of possible additional components 
of M introduced by reheating the pottery in antiquity. 

Attic pottery is, on the whole, quite strongly magnetised, a 
magnetisation density of 107? e.m.u. cm ? being typical. Thus in 
principle a correction for demagnetising fields due to sample 
shape should be applied. However, this correction would not 
amount to more than the difference between the value for a disk 
with the field applied along a diameter, or at right angles to it. As 
the thickness of the sample was approximately equal to the 
diameter this correction was negligible. 

A potentially more serious problem arises from demagnetis- 
ing effects due to the shape of the vessel itself affecting the 
moment produced during firing in antiquity. In an attempt to 
estimate the magnitude of this effect, samples were taken from 
the base, sides and handles of an Attic skyphos which had been 
fired between 440 and 425 BC. However, before the results 
could be assessed a more serious source of error had to be 
considered. 

Rogers (personal communication) has found that pottery is 
anisotropic: it is easier to magnetise in a direction parallel to the 
plane of the pot, than it is at right angles. It is possible to correct 
for this effect if the anisotropy ratio—the ratio of the moment 
produced in the hard direction to that in the easy direction—is 
known. The angle between the easy plane of magnetisation and 
H is known, and if the angle between this plane and the ancient 
field H^ is known, these two angles car be deduced from the 
changes in direction of M which occur on magnetisation in the 
laboratory field. The derivation of this correction factor will be 
detailed elsewhere. It turns out that the correction is simplified 
considerably if the sample is orientated so that H is either 
parallel or antiparallel to the laboratory field. 

The results obtained from the Attic skyphos were corrected in 
this way. The anisotropy ratio was adjusted to yield the best 
agreement between samples taken from the base and those from 
the side, this amounted to 0.9. For these samples, the shape 
correction, if any, would be less than the scatter in the data. 
Hence, no shape correction was made. Unfortunately, the 
anisotropy correction of the results for the handles proved 
impossible because of instrumental difficulties, and these had to 
be discarded. 

Having done this it was impossible to identify any shape effect, 
except possibly for the handles. Results for the latter, however, 
could not be corrected for anisotropy, so an unambiguous 
identification of a shape effect was impossible. In any case it 
seems that the shape correction is less than other sources of error 
for samples from the side and base, and all samples used came 
from these locations. 

The anisotropy ratio obtained from these measurements on 
the skyphos was used to correct the values obtained from the rest 
of the material. This correction amounted to between 3 and 7% 
(obviously it could not be larger than 10%). The corrected 
values for the ancient field obtained from each sherd are plotted 
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Fig. 1 The change in the ratio of the ancient intensity of the 
geomagnetic field H, to the present day value, Hy in Athens. With 
the exception of the results on the skyphos each point represents a 
single measurement made on a core taken from a different sherd. 


in Fig. 1. These results were obtained on about 80 sherds, and 
one whole vessel. Nine results were discarded because they 
displayed evidence of reheating or because alteration occurred 
before demagnetisation to a useful degree. 

The horizontal error bars represent the archaeologists's 
estimate of the error in the date for the sherd in question. The 
vertical error bars were determined from the limits on the scatter 
of the results from the Ashmolean skyphos, namely +4%. This 
represents quite an arbitrary estimate of the error involved in 
obtaining the ancient field from a fragment of pottery. The error 
may, in fact, be larger than this. For one thing the degree of 
anisotropy is not necessarily the same. Nevertheless, with few 
exceptions the error bars for different sherds from the same time 
period overlap. 

The exceptions fall into two categories. First, those sherds for 
which the field intensity was changing rapidly. In this case a 
difference in time of manufacture could lead to a difference in 
field >8% . Second, those sherds which did not, in fact, belong to 
the time period assigned, but were accidentally included. This is 
always a possibility with deposits. 

Although anisotropy is potentially a large source of error, the 
4% uncertainty in our results apparently mainly arises for 
another reason. This is clear from the scatter in the results 
obtained on the four cores from the base of the skyphos. The 
anisotropy correction for all of these must have been very nearly 
the same, but they still scatter by ~+3%. In an earlier experi- 
ment four slices from the same core yielded a scatter of «3.596. 
The reason for the scatter seems to lie in nonlinearities in the 
plots of МЇ against M} or M?. These nonlinearities occur at 
both low and high temperatures. The high temperature devia- 
tions are undoubtedly caused by physical or chemical alteration 
of the magnetic minerals. The low temperature difficulties seem 
to be connected with the cooling rate. At low temperatures, 
below ~250 °C, it seems that the relaxation times involved are 
long enough for the moment produced to be significantly 
affected by the time at temperature, and the rate at which the 
sample is cooled. 

Finally, another difficulty should be mentioned, there was 
clear evidence that some of the material had been reheated to a 
high temperature after the initial firing. This was particularly 
evident in the pottery produced after AD 200. Reheating may be 
responsible for the increased variability in the field values which 
is apparent in the results for this more recent material. 

The question now arises as to whether the results display the 
actual change in the geomagnetic intensity or just some syste- 
matic variation in the fabric. If the former is true a similar change 
should be apparent in other locations. Thus, it is interesting to 
compare these data with those obtained by Bucha? in Czech- 
oslovakia. Although the details are not reproduced, the broad 
features of the two curves agree. In fact, Bucha's material would 
probably not be sufficient to show both peaks at 600 BC and 
450 BC. Bucha’ also points out that because rotation of the core 
leads to a westward drift of roughly 0.2? yr^'; the maximum 
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should occur at about 0 BC in America and AD 500 in Japan. 
Bucha® suggests that this is, in fact, apparent in measurements 
by Bucha er ai. in Mexico and the southern US, and data 
obtained by Nagata et al.? and Sasajima® in Japan. 

A change in the geomagnetic intensity with time such as that 
shown in Fig. 1 should be useful as an adjunct to dating. It is 
tempting to conclude on the basis of the data from Europe, 
America, and Japan that the broad features of the time depen- 
dence of the field intensity at other sites may be predictable, 
using these data and the rate of westward drift. However, such a 
conclusion would be premature as this field dependence on time 
does not occur in all results obtained by others. Nor, if it is 
present, does it always occur in a time period consistent with a 
rate of westward drift of 0.2? yr ^! (see ref. 7). 
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Magnetic anisotropy in ancient pottery 


WHILST measuring the thermoremanent magnetism (TRM) of 
ancient pottery to determine the field magnitude at the time of 
firing, by using a modification of the Thellier thermal remag- 
netisation technique’, we have observed that the ease with 
which TRM is acquired is dependent on the angle at which the 
remagnetising field is applied. As a general rule it seems that the 
hardest direction is perpendicular to the plane of the pottery and 
that to a rough approximation there is an 'easy plane' lying in the 
plane of the pottery. The effect is apparently distinct from that 
due to the demagnetising field associated with sample shape, 
because the anisotropy effect is observed for sample shapes for 
which there would be no variation of demagnetising field with 
change of angle of applied field (such as a cylindrical sample 
being magnetised at various azimuthal angles in the plane 
perpendicular to the axis of the cylinder), as well as for samples 
for which the specific magnetisation is too weak for demagnetis- 
ing fields to be significant. The anisotropy effect has been 
observed also in alternating field (750 Hz) measurement of 
instantaneous susceptibility. 

Consideration of demagnetising fields suggests that the TRM 
acquired by a disk-shaped sample will be greater when the disk is 
orientated so that its plane is parallel to the field than when it is 
orientated perpendicular to the field. As reported previously’, 
such a difference was observed for disks (diameter 25 mm, 
thickness 7 mm) of baked clay from a suite of samples for which 
the specific magnetisation ranged from 4x10^? to 0.06x 
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Table 1 Anisotropy data for various samples of ancient pottery 





Ratio of 
Specific maximum to 
magnetisation minimum TRM 


(А т2 ке! х 10°) susceptibility 


Romano-British coarse pottery 


(sample 559 a 1.2) 1.1 1.2 
Gallo-Roman pottery (Samian ware) 

(561 a 2.1) 0.4 1.6 

(1604 a 1.2) 0.3 1.7 

(1604 a 4E) 0.3 1.7 
Roman tile 

(1631 a) 212 1.2 

(1631 92) 2.1 1.4 
Minoan pottery (LMIA) 

(1635 a 1) 2.5 1.6 
Recently fired ‘ancient’ pottery 

(1607 d.1.1) 3.3 1.7 

(1614 c. 3.2) 3.6 1.1 
Recent brick 

(IB4) 1.5 1.04 


E ———— 


Note that the specific magnetisations quoted are for an applied field of 
100 uT in the direction of minimum TRM susceptibility. 


107° A m? kg”! (the numerical values are the same when specific 
magnetisation is expressed in G ст? в). Consideration of 
shape demagnetisation effects alone suggested that for the 
weakly magnetised samples the difference would be negligible; 
in fact, some of the weakly magnetised samples showed a 
difference which was comparable with, and in one case greater 
than, the 3096 difference shown by samples at the upper end of 
the specific magnetisation range. The explanation for this 
unexpected result may lie in the intrinsic magnetic anisotropy of 
the baked clay fabric. 

The intrinsic anisotropy was first directly observed in squat 
cylindrical samples (3 mm x 3 mm) cored from Gallo-Roman 
pottery (Samian ware), using the SQUID  cryogenic 
magnetometer of Walton’. In the modified* version, the oven is 
mounted directly below the measuring cavity and the sample, 
mounted with fireclay on a vertical quartz rod, can be positioned 
either in the oven or in the cavity. The vertical component of its 
magnetisation is determined from the SQUID signal resulting 
from the flux change in the vertical pick-up coils during move- 
ment into (or out of) the cavity. The horizontal component is 
determined from the amplitude of the sinusoidal variation of 
flux picked up by the horizontal detection coils due to rotation of 
the sample about a vertical axis at around 2 revolutions per 
second: the vertical and horizontal detection coils are connected 
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Fig. 1 Variation of TRM with direction of application of the 
applied field for a sample of Minoan pottery (LM 1A, sample no. 
1635 a 1). The vertical scale shows the horizontal component of the 
TRM resulting from application of a horizontal field of 50 pT; the 
field was applied while the sample cooled from 500 to 150°C. The 
sample was a 3 mm x 3 mm cylinder cored with its axis perpen- 
dicular to the plane of the pottery. It was mounted for measurment 
with its axis horizontal and at zero azimuth on the scale shown; the 
orientation was only approximate and it is considered that the 
maximum is displaced from 90* because of this. 
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Fig. 2 Variation of TRM with direction of applied field for à 
sample cooled in a horizontal field of 50 u T over various tempera- 
ture ranges. 6, 450-300°C; +, 300-140°C; Wi. 150-20°С; А, 
600-450°C. The data points through which the full line is drawn 
were obtained by cooling the samples from 150° to 20°C in the 
presence of the applied field. Similar curves were produced for 
different temperature ranges by cooling in the field from the higher 
temperature stated switching off the field at the lower temperature. 
The sample was a 3 x 3 mm cylinder mourted with its axis approx- 
imately vertical. It had been obtained by coring parallel to the 
plane of a piece of pottery (1607 d 1) that had been fired in AD 
1962 in a replica of a Romano-British кїїп at Boston, Lincs. 


in series to the SQUID element itself. In the oven position, 
controlled vertical and horizontal steady fields can be applied to 
the sample; in their absence the residual Earth's field is 0.5 pT 
because of mu-metal screening. Applied fields in the range 
10-100 uT were used in the present work. 

In Samian ware samples, for a sample eored with its cylindrical 
axis perpendicular to the plane of the pottery the TRM resulting 
from a field along the axis was 30-40% lower than the TRM 
resulting from the same field applied perpendicular to the axis. 
Conversely for a sample cored with its axis parallel to the plane 
of the pottery the TRM resulting from a field along the axis was 
30-40% higher than for the field applied perpendicular to the 
axis. Table 1 lists results for this and other samples and Fig. 1 
shows the variation of resultant TRM with angle of applied field 
for one of them. It has also been observed, for two samples at 
any rate, that the degree of anisotropy is the same for partial 
ТЕМ given over different temperature ranges; this is shown in 
Fig. 2. 

A consequence of fabric anisotropy is that an applied field 
gives rise to a small TRM component transverse to the direction 
of the field unless the field is either exactly parallel or perpen- 
dicular to the ‘easy plane’; if the applied field makes an angle a 
with the easy plane then the ratio of the transverse TRM 
component to the parallel component is given by 


(a — 1)tana 
a-tan'a 


where a is the ratio of the TRM susceptibility within the easy 
plane to the susceptibility perpendicular to that plane, the 
susceptibility within the easy plane being taken as uniform. This 
transverse component has been observed and in Fig. 3 we show 
the vertical TRM component resulting from application of a 
horizontal field at various azimuths, zero azimuth being taken as 
the direction of the horizontal component resulting from an 
applied vertical field. The maximum of the vertical component 
occurs at this zero azimuth as expected from consideration of the 
easy plane model. In contrast, the azimuthal variation of the 
horizontal component (resulting from the applied horizontal 
field) is not as predicted from the model; this is because it is 
masked by variation of susceptibility within the easy plane. As 
mounted for the measurements of Fig. 3 the ratio of the average 
horizontal TRM susceptibility to the vertical susceptibility was 
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Fig. 3 Horizontal (+) and vertical (O) components of the TRM 
resulting from horizontal applied field of 100 uT applied at the 
azimuth shown, zero azimuth being taken as the direction of the 
horizontal component of the TRM that results from a vertical field; 
the field was applied while the sample cooled from 500° to 150°C. 
The sample was a 3x 3 mm cylinder obtained from a piece of 
Samian ware (561 a 2.1) by coring perpendicularly to the plane of 
the pottery; it was mounted for measurement with its axis roughly 
vertical. 


1.43 and application of a vertical field produced a horizontal 
TRM component which was 21% of the vertical component; 
these data indicate that the easy plane was inclined at an angle of 
~25° to the horizontal and that the ratio of the average TRM 
susceptibility within the easy plane to the susceptibility perpen- 
dicular to it is 1.6. 

The explanation that we propose for this intrinsic anisotropy 
in the fabric of pottery is that it is due to preferential alignment 
of magnetic grains. The alignment presumably occurs during the 
moulding of the clay into shape and that perhaps it is further 
enhanced by grain growth during firing. Whatever its cause the 
effect dictates that for reliable determination of ancient field by 
thermal remagnetisation it is important to apply the laboratory 
field in such a direction as to produce a TRM in the same 
direction as the magnetisation that was acquired in antiquity, or 
to make appropriate correction. Failure to do either could lead 
to an error of up to 60% in the case of the sample on which Fig.1 
is based, and to ensure that the error from misalignment is kept 
below 5% it is necessary to have the direction of the laboratory 
TRM within 10° of the direction of the ancient magnetisation, as 
will be seen from Fig. 1. Note that in the classic work of Thellier 
and Thellier' the samples concerned were from bricks, tiles and 
kilns; at any rate for the two former the data of Table 1 suggest 
that the effect may be relatively unimportant. The pottery listed 
in Table 1 is presumed to have been made on a wheel; however, 
the alternating field measurements included some non-wheel- 
made pottery of the British Iron Age and this too showed some 
effect. This and other aspects are being investigated further. 

We thank Professor D. Walton for useful discussions, Dr. E. 
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University of Southampton, and Miss G. D. Bussell for the 
measurements on which Fig. 1 is based. This work was carried 
out under a grant from the National Environmental Research 
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Correlation between 
heart attacks and magnetic activity 


SINCE the pioneering work of Düll and РШ, many papers have 
been published on the possible correlation between geomag- 
netic activity and medical phenomena. Most of them conclude 
that there is such a correlation, although this may reflect the 
tendency to publish positive results and discard negative ones, 
and there is widespread scepticism concerning the reality of the 
correlation. The main objections concern the validity of the 
statistical tests, failure to remove trend and inadequate 
allowance for seasonal variations, Here we present data for 
which the correlation is particularly high, and can be demon- 
strated convincingly by standard statistical tests. 

The medical data consist of the number of cardiac emer- 
gencies admitted each day to the cardiac/thoracic wards of the 
main hospitals in Hyderabad and Secunderabad, the Osmania 
General Hospital and the Gandhi Hospital, respectively, during 
1967-1972. Almost all the acute heart cases in those cities are 
admitted to the two hospitals except a few that are treated 
privately. The geomagnetic data consist of daily sums of Kp, the 
planetary index of geomagnetic activity for 3-hourly intervals of 
UT. The Kp index is intended to measure the geomagnetic effect 
of solar particle flux. Values of Kp are published, together with 
details of their definition and derivation, by the International 
Union of Geodesy and Geophysics”. The daily sums of Kp cover 
an interval of 24 h starting from 18 h UT, whereas Indian Time 
starts at 18.5 h UT, so there is a small lag of 30 min between the 
geomagnetic and medical data. The interval 1967 to 1972 was 
selected before the data were examined. 

The geomagnetic data show marked variations with season, 
and similar variations are seen in the medical data (Fig. 1). This 
is to be expected if they are correlated, but the seasonal varia- 
tions in the medical data might equally be due to other (for 
example, meteorological or dietary) causes. To eliminate such 
seasonal effects, and also to avoid long-term trends (which are in 
any case small, Table 1), we have considered the data a month at 
a time. 


————————M—— MÀ 
Table 1 Annual mean values 





Year Kp sum Daily admissions 
1967 15.9 2.35 
1968 18.4 2.72 
1969 15.9 2.51 
1970 16.1 2.10 
1971 16.2 2.25 
1972 16.8 2.49 


Table 2 lists, for each month, the coefficient of correlation, r, 
between the medical, M, and geomagnetic, G, parameters, and 
also the constants а and b for the relation G = aM + b, obtained 
by the method of least squares. The results for the first few 
months are presented graphically in Fig. 2; as the correlation 
coefficients confirm, the remaining months are essentially 
similar. In each case, there is a clear tendency for the number of 
admissions to increase with magnetic activity. 

To estimate the probability of such correlations occurring by 
chance, Student's t test would seem appropriate, but for this test 
to be valid, the data need to be approximately representative of 
a normal distribution, and both the G and M data are heavily 
biased towards the lower end of their range. The standard way of 
making such distributions more nearly normal is to take 
logarithms, and this is quite satisfactory for G, but for M (which 
includes zero values) a constant must first be added. We have 
chosen the constant to be 10, as this value approximately 
equalises the positive and negative moments about the mean. 
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Table 2 Data for each month 

Month Month Month 
1967 r a b r P 1969 r a b r P 1971 r a b r P 
Jan 0.77 36 55 071 21x10" Jan. 0.56 26 7.8 0.60 14x107? Jan. 0.9 3.8 67 061 12x10 
Feb. 0.80 3.8 51 0.79 77x10* Feb. 039 21 117 032 26x10! Feb. 0.66 31 103 055 242x107 
Mar. 0.68 31 57 060 14x107? Mar* 0.73 37 72 0.63 1.2x107? Mar. 074 3.8 69 0.72 17x10” 
Apr. 0.57 26 9.2 056 30x10? Apr* 0.36 14 165 0.30 30x10! Apr. 0.64 26 121 062 14x107 
May 0.76 40 75 0.70 25x10? May 0.76 46 68 067 4.5х107° May 0.90 43 84 O81 14x10 
June 0.61 2.0 109 0.62 14x107? June 0.5] 3.0 107 0.58 2.3x107? June 0.76 4.6 88 069 44x10^ 
July 0.73 29 84 0.68 38x10 July 070 36 58 071 21x107 July 041 15 108 043 9.6x107? 
Aug. 0.56 2.5 11.5 0.50 49x107? Aug. 0.40 17 99 0.38 158x107! Aug. 0.49 28 97 045 80x107 
Sep. 0.88 47 78 0.78 60x10 Sep. 0.81 3.9 55 073 20x107? Sep. 071 32 92 0273 20x10 
Oc. 074 38 56 0.73 13x10 Oc. 0.722 42 46 072 17x107 Oct. 0.78 44 76 O8t 14x10 
Nov. 0.56 41 7.8 0.48 70x10? Nov. 0.78 40 44 0.69 44x107? Nov. 0,83 4.3 39 068 53x10 
De. 073 38 7.7 071 21x10? Dec. 0.53 29 56 0.52 39x107? Dec. 0.80 44 37 0.69 31х10 

1968 1970 1972 
Jan. 063 22 124 0.58 19x107 Jan. 041 13 103 031 2.4x107! Jan. 0.65 29 106 051 44x10 
Feb. 078 45 60 078 60x10 Feb. 0.50 26 68 056 237x107 Feb. 0.55 19 109 048 270x107 
Mar. 0.56 21 137 0.51 44x107 Mar. 0.87 41 64 081 14x107* Mar. 0.70 34 84 063 89x10^ 
Арг. 0.51 31 114 037 127x107 Apr. 062 43 97 065 87x10? Ap. 071 31 93 061 16x10? 
May 0.74 3.2 115 0.68 38x107? May 0.55 24 110 0.51 44x107 May 072 27 102 070 23x10^ 
June 0.60 4.3 100 0.53 4.2107? June 085 51 7.5 079 46x10 June 0.79 40 77 071 30x10” 
July 063 28 116 0.57 21x107? July 0.85 37 113 077 4.8x1074 July 0.32 16 96 023 39x10 
Aug. 0.60 27 9.7 0.55 237x107 Aug. 082 44 75 077 A8x10* Aug. 0.85 47 75 0207 48x10 
Sep. 0.81 39 7.8 0.80 34x10^* Sep. 0.69 3.6 100 0.58 23x107? Sep. 0.63 3.3 84 065 87x10^ 
Oc. 0.77 42 48 072 17x10? Oct. 0.65 33 94 055 237x107 Oct 0.64 38 7.7 068 38x10^ 
Nov. 077 52 11 067 63x10? Nov. 0.73 30 98 062 14x107? Nov. 0.77 4.0 70 071 30x10^ 
Dec. 0.68 23 89 0.69 31x10? Dec. 077 31 68 069 31x10? Dec. 0.61 3.2 64 058 19x10 


* Medical data are not available for 9 and 10 March, 11 and 12 April 1969. 


The coefficient of correlation, 7', between log G and log (М + 
10) is given in the penultimate column of Table 2. In general, r'is 
similar to but slightly less than r. The final column of Table 2 lists 
the probability of such a correlation occurring by chance, 
according to Student's г test, using г = r'/[(1 — 7^)/ v], where v 
denotes the number of degrees of freedom in the data for 1 
month. If the data for successive days were completely 
independent, v would be N —2, where N is the number of days 
in the month. However, it is certainly true in the case of magnetic 
activity, and may also be true for heart attacks, that the data 
show considerable conservation; that is, a high value is likely to 
be followed by another high value; and this may considerably 
reduce the effective number of degrees of freedom. Following 
Taubenheim’, we find that, for our data, the effective number of 
degrees of freedom is v = N/2.3 - 2 for log G and v = N/1.9-2 
for log (M +10), and the second value of v is that appropriate 
for significance tests. The values of P in Table 2 were deduced 
using the integral part of v from the second relation. 

From uncorrelated data we might expect 3 or 4 of the 72 
correlation coefficients to achieve the 5% level of significance 
(P < 5x 10°), but we find that all except 10 are significant at this 
level. Similarly, we find 38 to be significant at the 1% level, and 
11 at the 0.1% level, compared with 1 and 0 to be expected by 
chance. 

Because there is no a priori reason to expect any conservation 
in the medical data, the presence of such conservation at a level 
similar to that in the geomagnetic data provides some additional 
support for the hypothesis that there is an association between 
the two phenomena. Also it should be noted that, although the 
adjustments for lack of normality and for conservation seem to 
complicate the analysis, had either of these been omitted, the 
level of significance would have appeared to be even higher. 

Why should these data show such a high correlation, when 
those of Lipa et al. for the times of deaths in the United States 
due to coronary heart disease and stroke during 1962-1966 
showed no significant correlation with magnetic activity? First, 
the level of artificial magnetic disturbance (from cars, industry, 
domestic appliances and so on) is very much lower in India than 
in the United States. Second, they considered the time of death, 
which may occur much later than the medical circumstance 
which was its cause. 





It may be objected that our data and method of analysis are 
not the most appropriate. Some of the admissions of cardiac 
emergencies may have occurred a day ox more after the onset of 
the condition, others may have been delayed for administrative 
reasons (for this reason, days of zero admissions were omitted 
from a previous study’). A proportion of the cardiac emer- 
gencies may have been diagnosed wrongly. Perhaps we should 
have used a local measure of magnetic activity, as was done by 
Srivastava et al.’, but, because one of us is responsible for the 
measurement of these, it was thought best to use an inter- 
national parameter to avoid any suspicion of bias. (In any case, 
the difference between Kp and the local measure of K is always 
small.) Maybe a better result would have been obtained if we 
had introduced an appropriate time-lag between the magnetic 
and medical parameters. However, none of these possibilities 
would be expected to decrease the correlations, and we have 
analysed our data in the most straightforward way possible in the 
hope of convincing the reader that, in this case at least, there isa 
significant correlation between medical and geomagnetic 
phenomena. 





JFMAMIJASOND: 


Fig.1 Monthly mean values of the daily sums of magnetic activity 
indices, Kp (upper graph) and the daily admissions of cardiac 
emergency cases (lower graph). 
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2 Plots of daily admissions of cardiac emergency cases 
against daily sums of magnetic activity indices, Kp, for the first 5 
months of data. n 


The possibility that there is some other cause (of solar origin?) 
responsible for both the magnetic and medical phenomena 
should not be ignored. : 
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the Hyderabad Magnetic Observatory for abstracting the medi- 
cal data from these records. 
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Evidence that geomagnetic 
variations can be 
detected by lorenzinian ampullae 


THERE have been several reports of electroreceptor responses 
in elasmobranchs to an electric field induced by various 
magnetic stimuli (including water flow in a geomagnetic field). 
The possibility was suggested that fish can detect telluric cur- 
rents produced by geomagnetic variations’, but it was not 
investigated experimentally. Here we describe direct neuro- 
physiological evidence for such a phenomenon. ` 
Experiments were carried out on Barents Sea skates Raja 


radiata in Dalnje-Zelenetsk Bay, on the Barents Sea. Single- 


unit activity was recorded as previously described’ from nerve 
fibres supplying the ampulle of Lorenzini of the hyoid ampullary 
group. Impulses were processed by an integrator so as to follow 
the spike frequency in the course of the experiment. 

„The electrical state of the sea was monitored using two 
Ag-AgCI electrodes 400 m apart, parallel with the coastline. 
The two electrodes were connected by a marine cable to similar 
electrodes in the experimental tank. The electrodes in the tank 
were 1-m apart. To equalise the voltage gradients in the sea and 
the tank, two resistors (R, and R2) were interposed, as shown in 
Fig. 1. The resistors were chosen by the following reasoning. 
Voltage gradient in the tank is given by - 


o R ____ 
L(Ri+R,+R2+2R,+R,) 


where E, is voltage gradient in the sea; 1, is the distance between 
marine electrodes, 400 m; 1, is the distance between the tank 
electrodes, 1 m; R, is water resistance in the tank, 45 N; Ry is the 
overall resistance of electric line (seawater resistance + marine 
electrodes resistances+cable resistances), 1000; R. is the 


Е,= Е, 


rj 
ас 6 
[^ 


ares ETAT 
v, 
ene fe 

CF ^r 


IPS 
Н * 


mu 


е "4% 
d 
rds 
е... 

Ф 
Ag 
E d 
ES. 
Ra be 

pns 
Р 4 





Ею. 1 Experimental set-up For détails see the text. 
i 


© Macmillan Joornals Ltd 1979 


Nature Vol. 277 22 February 1979 


resistance of an electrode in the tank, 300; К, = А 
tances in series. 
To make E, equal to E,, R, and К, should be 


R,=R,=1/2(,R/l)-Ri-2R,.-RJ~9 KN 


To estimate the electroreceptor unit response to natural 
stimulus, spike frequency was compared to the magnitude of the 
voltage gradients produced by telluric currents. Magnetic field 
variations were registered. 

Measurements were made during a magnetic substorm which 
appeared together with the polar light on 25-26 February, 1978. 
The rate of change in the geomagnetic vertical component at the 
time when measurements were made was 0.2 to 1.0nTs ! 
(2x 1075-1075 G s^); maximal deviation from the background 
field was 216 nT. Short-period (1-3 min) oscillations of telluric 
voltage gradients were observed to be synchronous with varia- 
tions of the geomagnetic field. Voltage gradients in the sea (and, 
consequently, in the tank) were from +0.6 uV cm ' to (at 
times) + 1.25 pV сш. : 


2 аге resis- 


18.55 18.54 


25 February 1978 


18.52 





2.3I ' 


2.29 2.30 


26 February 1978 


Fig. 2. Synchronous recording of induced electric field in the sea 

(1) and the time course of spike frequency of a single electrorecep- 

tor (2) before (a) and dunng the magnetic substorm (5). Vertical 
bar: 0.2 pV cm! , 15 imps ! (GMT). 


Figure 2 shows that electric field oscillations due to geomag- 
netic variations produced a clear-cut response in the elec- 
troreceptors, as judged by corresponding changes in spike 
frequency. The spike frequency was sensitive not so much to the 
absolute value of the electric field as to its rate of change, that is, 
the field derivative with respect to time. Such a response may be 
due to adaptation of the receptor to a prolonged stimulus. 
Receptor sensitivity was sufficient to detect a change in the 
electric field as small as 0.006 рУ cm"! s^. 

These measurements clearly indicate that the ampullae of 
Lorenzini can detect the electric field induced by variations of 
the Earth's magnetic field. This capacity is likely to be more 
strongly expressed within the coastal area, and this could be the 
result of an enhancement of telluric currents near the coast due 
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to ‘coast effect’ (ref. 8). Such a suggestion agrees with experi- 
mental data indicating that the electroreceptor response asso- 
ciated with changes in magnetic field is maximal when a fish is 
near the wall of a . The marine electrodes in our experi- 
ments were placed in a bay screened from the open sca by islands 
which reduced the coast effect of telluric currents?. Otherwise, 
the effects observed might have been greater. 

Further studies should provide information about the bio- 
logical role and practical applications of the detection of telluric 
currents by fish. 
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Correlation between heterozygosity 
and subunit molecular weight 


GENIC heterozygosity at enzyme loci has been examined for 
correlation with parameters as diverse as substrate specificity’, 
physiological function? and quaternary structure). However, 
none of these has provided an adequate explanation for allozy- 
mic variation in general. One report* suggested a positive rela- 
tionship for Drosophila enzymes between heterozygosity and 
subunit molecular weight (MW), which can be equated to the 
size of the structural gene element. Various models, both neutral 
and selective, would predict a correlation between gene size and 
variability~”. Recently, a similar correlation has been found 
within three classes of vertebrates'?!, and between the number 
of rare alleles and subunit size in human populations?'?. We 
report here that we have tested the relationship between 
heterozygosity and subunit size in Drosophila species with a new 
selection of enzymes. Our results indicate that the correlation is 
indeed general. The relationship is quasi-linear and does not 
differ significantly from several models. The results support the 
hypothesis that there are constraints on the number of sites 
available to charge substitution within an enzyme molecule. 
For our test we used data on six of the enzymes used by Koehn 
and Eanes‘ and estimated the MWs on a series of at least seven 
enzymes in Drosophila melanogaster for which such information 
was not previously available. We excluded several enzymes from 
our analysis because of inadequacies in the data. No esterases or 
phosphatases were used as their homology across Drosophila 
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Fig.1 Mean as a function of MW. SOD, 18,000; 
TPI, 23,000; ADH, 24,000; MDH, 28,000; aGPDH, 32,000; 
fumarase, 38,000; aldolase, 40,000; PGI, 49,000; PGM, 51,000, 
ODH, 55,000; G6PDH, 55,000; IDH, 56,000; ME, 58,000. Each 


(у = 0.00000353x —0. 0289) was calculated from the full data set of 
118 observations (which is avmlable on request). 


species is not clear. In addition to these restrictions on the 
enzymes used we have made a new selection of population data. 
In so doing, we only used data from those sources which 
permitted calculation of the actual numbers of each allele 
observed. However, whereas Koehn and Eanes‘ did not 
consider samples where an enzyme was completely monomor- 
phic, we included all such samples. 

The sedimentation constants (зо) of phosphoglucose iso- 
merase (PGI) and triosephosphate isomerase (TPI) were esti- 
mated from sucrose density gradients!!, relative to D. melano- 
gaster alcohol dehydrogenase (ADH) and rabbit muscle lactate 
dehydrogenase (LDH). The means and standard errors of six 
estimates were: PGI, 6.6: 0.23; TPL 4.5 0.13. Stokes’ radius 
estimates of 35.5 À and 28.6 À, respectively, were obtained 
from gel filtration relative to three standards’*. From these data, 
the native MWs of these enzymes were calculated to be 97,000 
for PGI, and 47,000 for TPI, assuming a partial specific volume 
of 0.725 cm? g^. 

The MWs of enzymes with too little activity for convenient 
assay in the sucrose density gradients were estimated directly 
from gel filtration chromatography". Relative to five standards, 
the native MWs of fumarase, isocitrate dehydrogenase (IDH) 
and phosphoglucomutase (PGM) were estimated as 150,000, 
112,000 and 51,000, respectively. Full data on the MW deter- 
minations of these and other Drosophila enzymes will be pub- 
lished elsewhere. 

The enzymes used in investigating the relationship between 

ity and subunit size were: TPI, PGI, IDH, fumarase 
and PGM from above; malic enzyme (ME) and glucose 6- 
phosphate dehydrogenase (G6PDH) for which direct estima- 
tions of subunit size (58,000 and 55,000) have been made in our 
laboratory from purified enzyme™, and, from Koehn and Eanes’ 
analysis‘, superoxide dismutase (SOD), malate dehydrogenase 
(MDH), a-glycerophosphate dehydrogenase (aGPDH), 
octanol dehydrogenase (ODH), aldolase and ADH. The struc- 
tures of the new enzymes have been established mainly by 
starch-gel ‘electrophoresis. Other work in progress in our 
laboratory has necessitated the collection of variants at all these 
loci in D. melanogaster. From this work, TPI, PGI and IDH have 
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been deduced to be dimers from the appearance of three clear 
bands in heterozygotes, whereas PGM is a monomer and 
fumarase and aldolase are tetramers (R. A. Voelker and C.HLL., 
unpublished data). For the remaining enzymes, the structure 
given by Koehn and Eanes* was assumed. 

The population data used in the analysis were carefully selec- 
ted, as has been described. (They were taken from refs 15—25 
and from unpublished data of F. J. Ayala.) Where more than one 
suitable sample was available for a species, the data were pooled 
so that each species was given equal weight. Data from a total of 
15 species were used in the analysis. The correlation analysis was 
carried out on the new enzyme set, on the set used by Koehn and 
Eanes, and on both combined. A non-parametric test for rank 
correlation was made using Kendall’s т, as neither variable is 
normally distributed, and the results are given in Table 1. It can 
be seen that there is a highly significant correlation between 
heterozygosity and subunit MW in the combined data set. Figure 
1 shows the distribution of the data and a least-squares regres- 
sion line which was fitted to the whole data set. For clarity, only 
one point is shown for each enzyme, the mean value taken over 
all species with data for that enzyme. 

We have been able to confirm the conclusion of Koehn and 
Eanes* that there is a positive correlation between allozymic 
heterozygosity and subunit MW. Having made a stringent 
selection of the data and used a test of reduced power we are 
satisfied that this relationship is general. Nei et al? have 
recently examined the relationship between MW and heterozy- 
gosity in vertebrates and obtained a significant correlation on 
data from three classes. These authors claimed that the magni- 
tude of their correlation was “roughly” in agreement with the 
predictions of a neutral model. We have examined our data in a 
similar way and have also found agreement between our cor- 
relation and the predictions of both the infinite alleles? and the 
charge-state models. However, the regression line has a wide 
confidence belt and almost any model which predicts a positive 
monotonic relationship between the two variables would also fit 
our data. Two alternative such models are those of Gillespie® 
and Watterson’. In Gillespie’s random-environments model the 
heterozygosity at a locus depends inversely on the relative effect 
of a substitution on enzyme function. In general, the larger an 
enzyme molecule, the smaller would be the relative effect of a 
mutation. In Watterson's stochastic heterotic model heterozy- 
gosity is as predicted by the infinite-alleles model when o = 
2N,s = 0. We found that although the predictions diverge as с 
increases, for с = 0(1) this model does not differ greatly from the 
neutral case in the region of heterozygosity values of our data. 

We have also carried out a two-way analysis of variance on 
our heterozygosity data by gene and species, and the results 


Table 1 Correlation between allozymic heterozygosity and subunit MW 





Probability 
of a bigher 
Data set . Kendall's т т value 
(1) TPI, PGI, IDH, РОМ, МЕ, 0.159 0.13 
fumarase, G6PDH 
(2) ADH, Aldolase, SOD, MDH, 0.102 0.26 
ODH, aGPDH 
(3) All data—(1)+ (2) 0.213 0.0013 


The MWs of TPI and PGI were determined by sucrose density 
gradient sedimentation and those of fumarase, IDH and PGM by gel 


Subunit sizes were thereby assigned as follows: TPL 23,000; PGI, 
49,000; fumarase, 38,000; IDH, 56,000; PGM, 51,000. Subunit sizes 
for ME (58,000) and G6PDH (55,000) have been determined from 
purified enzyme. Data set (1) consists of those enzymes whose MW was 
not previously known. DU Ei нын quc buit iiw E 
in the analysis of Koehn and Esnes^. In each case new population data 
were selected as indicated in the text. Note that G6PDH was used in 
Koehn and Eanes’ analysis^. It is included in data set (1) because а new 
MW determination is available which represents a substantial change 
from the value previously used. 
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Table 2 Analysis of variance of heterozygosity by gene, species 
and MW 





Variance 


Sum of Degrees of component per 


squares freedom observation 
Species 0.4792* 14 0.0041 
Gene 0.63651 12 0.0055 
MW 0.2328 0.0020 
Other gene effects 0.4037 0.0035 
Error 1.7973 91 0.0153 
Total 2.913 117 0.0249 





The analysis of variance was first carried out by gene and species on 
the full data set. The component of the variance due to gene effects was 
then partitioned into that due to MW and that due to other gene-specific 
effects as described in the text. The level of significance of the correlation 
with MW is given in Table 1. 

*Significant at 5% level. 
+Significant at 1% level. 


(Table 2) show significant effects due to both. We have cal- 
culated the correlation coefficient between heterozygosity and 
MW, corrected for species effects (г = 0.309; P< 0.01). Follow- 
ing Nei et al.'°, ғ? is the ratio of the co-variance between 
gene-average heterozygosity and MW to the product of the 
variance in MW and the total variance in heterozygosity less that 
due to species. We were thus able to divide the genic component 
of the variance into that due to MW and that due to other gene 
effects. By partitioning the variance in heterozygosity in this 
way, we have been able to compare the component due to MW 
with that due to species. We find (Table 2) that the variance 
component due to MW is about half that due to species. 

In the infinite-alleles model of Kimura and Crow’, heterozy- 
gosity is determined by the product of effective population size 
and mutation rate. Assuming that the latter is proportional to 
structural gene size, it is interesting that the variance component 
of our data that is due to MW is so large relative to the species 
effects, as there is only a threefold range in MW. This would 
suggest that in equilibrium conditions the range in total popu- 
lation size, being the main species effect under this model, would 
be of the order of sixfold. We consider this a challenge to the 
infinite-alleles model. Although one possible interpretation 
could be that the effective population number of these 15 
Drosophila species only varies to a similar degree, this is unlikely 
as the sample includes both equatorial forest species (for exam- 
ple, D. willistoni) and cactophilic species (D. arizonensis). It 
could also be argued that they have not attained equilibrium due 
to fluctuations of population size, but it seems more plausible to 
us that there are general constraints on the number of sites in a 
gene where a charge substitution is ‘evolutionarily acceptable’. 
This alternative has been suggested by the analysis of the 
evolution of amino acid sequence in cytochrome c, fibrinopep- 
tide A and haemoglobin?^?. Werhahn and Gulizia'? have 
pointed out that the effect of population size on equilibrium 
heterozygosity decreases with the number of mutable sites. 
Thus, the infinite-alleles model is not consistent with all aspects 
of our data, and although it could be said to predict a correlation 
between heterozygosity and MW, so could several other models. 

We thank Dr D. Shah for assistance with the sucrose density 
gradient sedimentation and Dr Brian Charlesworth for dis- 
cussions. 
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Acetylcholine-elicited responses in 
primary and secondary mammalian 
oocytes disappear after fertilisation 


THE recent finding! of acetylcholine (ACh) receptors on the 
amphibian oocyte membrane raises two main questions: (1) is 
the presence of ACh receptors a feature common to all verte- 
brates including mammals, and (2) does the sensitivity to ACh 
undergo developmental changes throughout oocyte growth and 
maturation, or following fertilisation? We have investigated 
these problems using conventional electrophysiological tech- 
niques, and show here that depolarising and/or hyperpolarising 
membrane potentials are elicited by ACh in mouse dictyate and 
metaphase II oocytes, but not after fertilisation. 

Fully grown dictyate mouse oocytes from antral follicles (see 
legend to Fig. 1 for technical details) had a resting membrane 
potential ranging from —20 to —40 mV(-27.1:x 1.1, mean 
s.e.m., n = 57). When these cells were perfused with a medium 
containing 1x10^* to 2x10 7 M ACh, a dose-dependent 
membrane depolarisation usually occurred (Figs 1, 2a). The 
ACh-elicited depolarisation took many seconds to develop, as 
previously shown in Xenopus oocytes, and the delay between 
ACh application and the onset of the response was never shorter 
than 15-20s. Such a delay was not significantly modified by 
increasing the bath temperature to 37°C. At lower ACh 
concentrations (1x 1075-1x 10 ^ M), the response to ACh 
differed among the oocytes studied. Some oocytes underwent 
membrane hyperpolarisation after an initial depolarisation, 
whereas others displayed only the hyperpo.arising response, or 
no resting potential change at all. The hyperpolarising response 
was only occasionally observed at high ACh doses (up to 
2 mM)(Fig. 25). Both depolarising and hyperpolarising ACh 
potentials gradually 'desensitised' during maintained appli- 
cation of the drug (Fig. 2a, 6), and preliminary exposure of 
oocytes to ACh concentrations as low as 10°''M completely 
prevented all membrane responses to maximal ACh doses (up to 
2x10 M). The ACh-elicited depolarisation was associated 
with a significant decrease in membrane input resistance (see 
legend to Fig. 1 for technical details), whereas the hyper- 
polarisation was accompanied by a significant increase in 
membrane input resistance. lonophoretic application of ACh on 
to oocyte membrane occasionally elicited very small depolaris- 
ing or hyperpolarising responses in antral oocytes, and here 
again these responses took many seconds to develop, as pre- 
viously shown in Xenopus oocytes’. 
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Incubation of antral mouse oocytes in Ca?*-free (Ca?* 
кей by Mg?*), Na*-free (Na* replaced by choline), or 


K*-free (K* replaced by Na*) media did not seem to modify the . 


ACh-elicited depolarisation. However, in the presence of CI - 
free medium (СГ replaced Бу.502- or propionate), the ACh 
depolarising response was enhanced, although a maintained 
incubation of the cell in Cl -free medium completely prevented 
the depolarising response. These findings apparently indicate 
that chloride ions are involved in the ACh-elicited depolarisa- 
tion. Similar conclusions were drawn in Xenopus oocytes’. 
Similarity between amphibian and mammalian oocyte ACh 
receptors is further indicated by the ineffectiveness of (--)tubo- 
curarine (up to 10™* M) in blocking responses in antral mouse 
oocytes, and by the effectiveness of atropine (1077-10 М) in 

preventing ACh membrane depolarisation. Atropine did not 
seem to abolish the ACh-elicited hyperpolarisation. 


i 


i 
_ 
wa 


Maximum depolansation (mV) 
8 
.. 


membrane resting potential of the tested cells. Swiss CD1-COBS 
mice from Charles River Italia were used in all experiments. 
Dictyate oocytes at an intermediate stage of growth (vitellus 
diameter 60-65 um, pre-antral, from follicle stages 5a and 5b, ref. 
2) and at the end of growth (vitellus diameter 75—85 um, antral, 
from antral follicles) were obtained mechanically, by pricking 
infant (pre-antral) and adult (antral) ovaries with a needle, and 
were completely freed from surrounding granulosa cells by gentle 
pipetting in phosphate-buffered saline (PBS) supplemented with 
pyruvate, lactate and bovine serum albumin. Metaphase II oocytes 
and fertilised eggs were obtained from mice treated with pregnant 


Glass microelectrodes filled with 1.5 M K acetate (resistance 15— 

30MQ) were. used in all experiments. Determinations of 

membrane resistance wore made with the aid of a modified bridge 

circuit*? by.a series of brief byperpolarising pulses of a few mV 
amplitude. 


To investigate whether ACh sensitivity changes throughout 
oocyte growth, we have examined pre-antral oocytes at an 
intermediate of cell A mean resting potential of 
—39,3+4.3 mV (n = 12) was found in pre-antral oocytes. These 
cells responded to both high and low ACh doses mainly by 
membrane hyperpolarisation accompanied by an increase in 
input membrane resistance. Few cells underwent ACh 
depolarisation up to —25 and —30 mV (10-10? M ACh), and 
here a decrease in membrane resistance was observed. Taken 
together, these findings indicate that ACh sensitivity is a 
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constant feature of dictyate mouse oocytes, at least from inter- 
mediate to terminal stages of cell growth. The depolarising ACh 
response apparently reached a maximum at the end of the cell 
growth period, that is, with the appearance of the antrum inside 
the follicle. 

In metaphase II oocytes, a mean resting potential of —24.3 + 
1.4mV (n=12) was observed, in agreement with previous 
observations. These oocytes responded to ACh with a pattern 
of membrane potential depolarisation and/or hyperpolarisation 
similar to that observed in the antral cells. 


_23{ a 


Membrane potentia] (mV) 





‘Tune (пип) 


Fig.2 ACh-elicited depolarisation (a) and hyperpolarisation (5) 
in five antral mouse oocytes treated with different doses of ACh. 
Following ACh application (arrow), a depolarising or hyper- 
polarising response gradually developed, and the maximum level 
of response was attained after 2-4 min. Note desensitization after 


prolonged exposure of the cells to the drug. a: C, 0.5 mM; e, 
2 mM; O, 7 mM. b: O, 1077 M; Ф, 2 mM. 


Fertilised eggs had a membrane potential (-41.8::3.1, n= 
34) higher than that of unfertllised oocytes, in agreement with 
previous observations. Unlike primary and secondary oocytes, 
fertilised mouse eggs ee no ACh-elicited responses. ACh 
doses ranging from 10 * M up to 1.5 x 10^ M did not elicit any 
change in membrane potential and input membrane resistance 
in eggs collected at various times after fertilisation (5-20 h). We 
have also tested two-cell embryos (membrane resting potential 
—48.4 x: 2.2 mV, n = б), and here again we did not observe any 
ACh response. Therefore, the disappearance of cholinergic 
response is an early event following fertilisation, lasting at least 
until the two-cell stage of embryonic development. It would be 
interesting to know whether this disappearance of oocyte ACh 
sensitivity following fertilisation is directly related to sperm 
penetration. We favour this hypothesis, as preliminary experi- 
ments have shown that responses to ACh are still present in both 
spontaneously activating and Sr^*-activated mouse eggs (see ref. 
7 for parthenogenetic activation of mouse eggs). 

We conclude that ACh sensitivity is probably a general 
feature of vertebrate oocytes, even if in the mouse it is lower 
than in the amphibians’. Mouse oocyte sensitivity to ACh 
undergoes developmental changes throughout oocyte growth, 
and it is not grossly affected by the maturation process at 
ovulation. Finally, ACh sensitivity is a property peculiar to 
primary and secondary oocytes, as it is lost following fertilisa- 
tion. This suggests that ACh receptors in vertebrate oocytes may 
have some specific role in the maturation and/or fertilisation 
processes. 

We thank Professor R. Miledi and Dr J. Stinnakre for suggest- 
ing this work and for discussion, Professors A. Curatolo and V. 
Monesi for critical reading of the manuscript, and M. Pompili, S. 
Rapino and C. Rattazzi for help. This research was carried out 
under CNR Research Project Biology of Reproduction grants 
77.00344.85 and 77.00348.85, and was supported in part by the 
Ford Foundation. 
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Hypothalamic enkephalin neurones 
may regulate the neurohypophysis 


WE have previously reported that significant amounts of 
immunoreactive (ir)-Leu*-enkephalin were present in extracts 
of the neurointermediate lobe of the rat pituitary'. Negligible 
amounts of the pentapeptide were detected in the anterior lobe. 
In these assays, the concentration of Leu^-enkephalin in the 
neurointermediate lobe was higher than in the globus pallidus, 
the brain region reported to contain the densest enkephalinergic 
innervation’. The high content of (ir)-Leu-enkephalin in the 
neurointermediate lobe of the pituitary led us to further 
investigation of its distribution and possible function. We report 
here that (ir)-enkephalins in the pituitary are concentrated in 
nerve fibres projecting from the hypothalamus to the pars 
nervosa and that this pathway may be involved in the regulation 
of neurohypophysial neurosecretion. 

Under a dissecting microscope the rat pituitary could be easily 
separated into the anterior lobe (pars distalis) and the neuroin- 
termediate lobe, and the latter dissected into pars nervosa and 
the lobules of the pars intermedia. The isolated elements of 
single pituitaries were each then homogenised and assayed by 
radioimmunoassay" for B-endorphin, and Leu^-enkephalin 
(Fig. 1). The major portion of (ir)- Lev-enkephalin (76%) was 





Table 1 (ir)-Leu’-enkephalin in neurointermediate lobe after hypo- 
thalamic lesions 





pg per lobe 
(mean x s.e.m.) 
Controls (6) 50331 
Paraventricular nucleus lesions (8) 289+21* 
Paraventricular and supraoptic lesions (2) 55 





Discrete anodal lesions were made with stainless steel wires, insulated 
to the tips and stereotaxically positioned in the paraventricular nuclei or 
in both paraventricular and supraoptic nuclei of male, Sprague-Dawley 
rats (250 g). Control lesions were placed i in the cortex. Seven days after 
lesioning, radioimmunoassay for Leu’-enkephalin was carried out on 
neurointermediate lobes extracted in 1 M acetic acid as described in Fig. 
1. All lesion sites were histologically verified. Numbers in parentheses 
refer to the number of animals tested. 

* P « 0.001, г test. 
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Fig. 1 Pituitaries of Sprague-Dawley male rats (200g) were 
dissected under the microscope and pars distalis (D), pars inter- 
media (I) and pars nervosa (N) were extracted in hot 1 M acetic acid 
as described in ref. 3, which also contains the complete procedure 
for the radioimmunoassays оѓ 8-endorphin and Leu -enkephalin. 

Dose-response curves of the pituitary extract shows parallelism 
with synthetic Leu’-enkephalin. Gel filtration of the extracts on a 
Bio-Gel P-60 column (50 x 0. 7 cm) equilibrated in 50% acetic acid 
showed that all the (ir)-Leu'-enkephalin was eluted in а sym- 

metrical peak indistinguishable from that obtained with synthetic 
Leu^-enkephalin. Neither vasopressin (АУР ог LVP) nor oxytocin 
crossreact in our Leu’-enkephalin radioimmunoassay at doses up 
to 100g per assay tube. a, B-endorphin (ng per pars); 6, Lew- 

enkephalin (pg per pars . 


found in the pars nervosa. In using a radioimmunoassay for 
Met’-enkephalin described elsewhere", we found that the pars 
nervosa contained 1,920 + 240 pg (n = 5; mean+s.e.m.) of (ir)- 
Met®-enkephalin. The ratio of (ir)-Met-enkephalin to (ir)- 
Leu’-enkephalin was ~3, a similar value te that found in other 
rat brain areas rich in enkephalins’. (ir)-8- -endorphin was almost 
absent from the pars nervosa, but was present in both pars 
distalis and pars intermedia, as indicated іг previous studies’? 

Using a peroxidase-coupled goat anti-raobit IgG for indirect 
immunocytochemistry®, fine varicose nerve fibres showing 
Leu^-enkephalin immunoreactivity were localised in the pars 
nervosa. These fibres were concentrated on the perimeter of the 
neural lobe and more or less absent from the centre of the tissue 
(Fig. 2b). Fibres with similar immunoreactivity could be traced 
in favourable sections through the pars tuberalis (pituitary 
stalk), and as reported by others, were also present in supraoptic 
and paraventricular nuclei (ref. 7 and Fig. Za). 

The antiserum also stained corticotroph cells of the anterior 
lobe and all cells of the pars intermedia. As these intermediate 
lobe cells contain high amounts of 8-endcrphin, postmortem 
degradation by peptidases could have given rise to Met^-enke- 
phalin in sufficient amounts to be detected by our enkephalin 
antiserum. 

After pretreatment with colchicine, (ir)-Lsu^-enkephalin cell 
bodies were visualised in the paraventricalar (Fig. 2a) and 
supraoptic nuclei of the hypothalamus. Varicose fibres from 
these neurones could be traced through the lateral hypothalamic 
area, along the course followed by magnocellular neurose- 
cretory axons. Lesioning experiments further suggest that the 
enkephalinergic cell bodies in the magnocellular nuclei have 
projections in the pars nervosa. Six days after sectioning the 
pituitary stalk or lesioning the medial basal hypothalamus, 
(ir)-enkephalinergic fibres were absent from the pars nervosa. 
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hypothalamus (a), and 
neurohypophysis (b, c) 
reacted with rabbit anti- 
Leu’-enkephalin and а 
horseradish peroxidase- 
tagged goat anti-rabbit 
IgG, as described else- 
where’. a, After intra- 
cerebroventricular col- 
chidne  (25&g, 24b) 
neurones in the lateral 
pole of the paraventricu- 
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Neurohypophysis and 
intermediate lobe (lower 
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patches in Brattleboro rats pretreated with colchicine (24 h, 25 ниш), but in untreated Brattleboro rats, no neurohypophysial immunoreactivity 
was observed. Note that at this higher magnification, the immunoreactive fibres seem to be enveloping groups of non-reactive axons at the 
perimeter of the neurohypophysis. Calibraton bars: a, 50 jum; b, 25 um; c, 10 pm. 


As shown in Table 1, radioimmunoassay measurements 
confirmed that discrete damage to the paraventricular nucleus 
resulted in a 40% decrease in the levels of (ir)-Leu^-enkephalin 
in neurointermediate lobe extracts. Further damage to the 
supraoptic nucleus reduced levels to 10% of controls. 

The detection of a neuronal pathway between enkephalin- 
immunoreactive neurones in the magnocellular hypothalamic 
nuclei and enkephalin-(ir) terminals in the pars nervosa suggests 
at least two possible functional roles. As with other neuro- 
hypophysial hormones, enkephalin could be released as a 
neurohormone into the bloodstream with vasopressin or oxy- 
tocin. Alternatively, enkephalinergic fibres could somehow 
interact with the secretion of neurohypophysial hormones. 
Indeed, we find that salt loading decreases (ir)-Leu^-enkephalin 
in the neurointermediate lobe (Table 2). Five days after substi- 
tution of 2% NaCl for drinking fluid, the vasopressin stores in 
the neurohypophysis decrease to ~20% of control*. In these 
conditions, we find that (ir)-Leu^-enkephalin content drops to 
37% of control. However, this degree of dehydration did not 
affect B-endorphin levels in the anterior and intermediate lobes 
of the pituitary (Table 2). (ir)-Leu*-enkephalin levels were also 
not changed in the hypothalamus during this treatment. 

Levels of thyrotropin-releasing hormone (TRH) and soma- 
tostatin in these extracts were also determined, using radioim- 
munoassays described elsewhere?"?. These two peptides are 
highly concentrated in the hypothalamus and also in the 
neurointermediate lobe of the pituitary (ref. 19 and W. Vale, 
personal communication). In the neurointermediate lobe we 
found 120+ 16 pg of (ir)- TRH per lobe (n = 6) and 810+ 220 pg 
of (ir)-somatostatin per lobe (n = 6). Neither pituitary nor 
hypothalamic levels of TRH and somatostatin were affected by 
dehydration, indicating that the mechanisms producing the 
(ir)-Leu*-enkephalin decrease in the neurohypophysis are 
peptide specific. 

The striking effect of dehydration on the (ir)-Leu-enkephalin 
content on the neurointermediate lobe led us to examine tbe 


distribution of enkephalin in the Brattleboro rat. In this strain 
the homozygous offspring are polyuric and totally unable to 
synthesise or secrete vasopressin”. When compared with 
unaffected heterozygote littermate controls, the (ir)-Leu’- 
enkephalin levels (Table 2) in the neurointermediate lobe of 
Brattleboro rats are very low (33% of the heterozygous 
controls). No differences between homozygous and heterozy- 
gous Brattleboros were observed in the (ir)-Leu*-enkephalin 


Table 2 Opioid peptides in pituitary after dehydration 


Rat strain (ir)-B-endorphin (ir)-Leu*- 
enkephalin 
ng per lobe pg per lobe 
(mean x s.c.m.) (mean + 
sen) 
Antenor Neuro- Neuro- 
intermediate intermediate 
Sprague-Dawley 
Controls (6) 375 +46 661 +66 880+60 
5d with 2% NaCl drinking 475+79 6474117 320+80t 
fluid (6) 
Brattleboro 
Controls (Di/?) (4) 850-103 705280 4702:19 
Polydypsic (Di/ Di) (4) 1,205+98" 1,140+140* 1564261 
In two separate experiments, Sprague-Dawley male (200g) rats 


which had received 2% NaCl as drinking fluid for 5 d were compered 
with their controls which had received plain tap water, and male (120 g) 
bomozygous (D:/ Di) Brattleboro rats were compared with their control 
littermates (D:/?). Radioimmunoassay for B-endorphin and Leu?- 

in was carried out on 1 M acetic acid extracts as described in 
Fig. 1. Weights of the control Sprague-Dawley anterior &nd neuro- 
intermediate lobe were, respectively, 6.2 0.3 and 0 95 +0.07 mg. The 
2% NaCl annals had a statistically significantly (P « 0.01) decreased 
weight of their anterior lobe (4.20.4) and no statistically significant 
change in their neurointermediate lobe weight (0.80 + 0.04). 

*P<0.05; tP<0.01, t test. 
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levels of hypothalamus or striatum. (ir)-8-endorphin was 
slightly elevated in the homozygous Brattleboro rats, both in the 
anterior and posterior lobes of the pituitary, but was unchanged 
in the hypothalamus. Immunocytochemical studies of the 
enkephalin fibres in the pars nervosa of the Brattleboro 
indicated that the number of enkephalin fibres here are 
decreased and their distribution and morphology somewhat 
dystrophic (Fig. 2c). 

Morphine injections are known to release vasopressin into the 
bloodstream'", and opiate receptors are also concentrated in the 
pars nervosa". Therefore, we propose that these receptors are 
related to the enkephalinergic innervation of the pars nervosa. 
Furthermore, because dehydration decreased both the enke- 
phalin and the vasopressin content of the pars nervosa, we 
propose that pituitary enkephalin fibres may have a role in the 
regulation of vasopressin or other magnocellular hormonal 
secretion. 

This work was supported by grants DA-01785, HD 09690, 
and AM 18811, and by grants from the W. R. Hearst Foun- 
dation. We thank J. Leppaluoto for the TRH assays, W. Vale for 
the somatostatin assays and Raana Azad for assistance. J. R. is 
chargé de recherche INSERM (France). 
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The granulated peripolar epithelial cell: 
a potential secretory component 
of the renal juxtaglomerular complex 


THE renal juxtaglomerular complex is conventionally consi- 
dered to consist of the afferent and efferent glomerular 
arterioles, the macula densa of the distal tubule, and the inter- 
posed polar cushion region’. The afferent arteriolar wall 
contains myoepithelial cells characterised by the presence of 
multiple secretory-type cytoplasmic granules. It is widely 
accepted that such granules contain renin’, the hormone 
responsible for the production of angiotensin I from plasma 
renin substrate. We now report the finding of another potential 
secretory component of the juxtaglomerular complex, raising 
the possibility of unsuspected functional interactions in this 
region. 

During a study of the influence of salt-balance status on 
juxtaglomerular morphology in sheep, considerable difficulty 
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was experienced in detecting arteriolar myoepithelial cell 
granules using Bowie's stain? or electron microscopy. However, 
sections through the vascular pole of many glomeruli revealed 
the presence of a new, distinctive type of zell which contains 
multiple cytoplasmic granules closely resembling those of the 
arteriolar myoepithelial cells. These new cells are in an epithelial 
position, encircling the origin or polar region of the glomerular 
tuft (Fig. 1). We have therefore called them ‘peripolar cells’. 
They form junctional complexes with the pzrietal epithelium of 
Bowman's capsule on one side and visceral podocytic epithelium 
on the other; one surface is attached to the basement membrane 
of Bowman's capsule and the other is directly exposed to the 
urinary space. Up to four such peripolar cells have been obser- 
ved surrounding the origin of any one glomerular tuft. The chief 
morphological characteristic of such cells is the presence of large 
numbers of closely packed cytoplasmic granules which react 
positively with methylene blue, the periocic acid-Schiff tech- 
nique, Brilliant Crystal Scarlet (using Lendrum's Martius-Scar- 
let Blue stain* following fixation in Helly's fluid) and Bowie's 
stain. Electron microscopically, the granuies are membrane- 
bound, mostly round in shape and contain homogeneous, finely 
fibrillo-granular electron-dense material Fig. 2). Typically, 
most granules range from 100 to 500 nm in diameter. Although 
most granules in any one cell are of fairly uniform electron 
density, a few granules display a paler matrix. Granules at the 
cell periphery have occasionally been observed in the process of 
discharging their contents into the urinary space. The cytoplasm 
also contains mitochondria, prominent Golgi membranes, seg- 
ments of rough endoplasmic reticulum, free ribosomes, and 
scattered microfilaments and microtubules. 

Granulated peripolar cells are usually targe in sheep. are 
sometimes prominent in man, but are lese readily found and 
much smaller in rats and mice. It is most interesting that, thus 
far, prominent peripolar cells have been fcund in species with 
poorly developed afferent arteriolar granulation; in contrast, 
peripolar cells seem to be relatively smaller in species with 
abundant arteriolar granulation. The composition of the 
granules and their function await elucidation. In view of their 
topographical location, it is almost certain that they participate 
in juxtaglomerular complex activity. They a-e ideally situated to 
release factors directly into Bowman's capsular space, perhaps 
triggered by electrolyte changes in the glomerular ultrafiltrate, 
or by variations in afferent or efferent arteriolar calibre (leading 
to alterations in the diameter of the polar region of the glomeru- 
lar tuft), or in response to diffusible mediators released from 
other components of the complex. Factors released from 





Fig.1 Schematic drawing of sheep juxtaglomerular region show- 
ing two granulated 'peripolar cells' on each side of origin of 
glomerular tuft at junction between parietal and podocytic epi- 
thelium. Note afferent arteriole containing relatively few myo- 
epithelial cell granules (lower left), efferent ar eriole (lower right), 
macula densa of distal tubule (lower central) and polar cushion cells 
interposed between macula densa and origin of glomerular tuft. 
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Fig. 2 Electron micrograph of sheep ‘peripolar cell’ containing 

multiple electron-dense cytoplasmic granules; its free surface is 

directly exposed to Bowman's capsular space. Note portion of 

juxtaglomerular arteriole (lower right) and glomerular tuft capil- 
lary (upper central). x5,000. 


peripolar cells could pass into the tubular fluid and be involved 
in the modulation of secretory or resorptive functions of tubular 
cells. There has been much study directed towards determining 
the factors controlling proximal tubular sodium reabsorption 
and glomerulotubular balance". One school of thought holds 
that a previously unrecognised hormone is involved in these 
processes. It has recently been reported that proximal tubular 
fluid contains a factor which mediates increased volume reab- 
sorption in the proximal tubule in response to increased 
glomerular filtration rate"; it was suggested that such increased 
volume reabsorption results from increased proximal tubular 
sodium reabsorption®. The proximal tubular fluid factor 
responsible for these effects was not present in an artificial 
ultrafiltrate of plasma?, indicating that it is added to the tubular 
fluid after filtration of plasma across the glomerular capillary 
wall. It is possible that the peripolar cell is the source of such a 
factor, thereby having a key role in glomerulotubular balance 
and electrolyte homeostasis. 

We thank Mrs Geraldine Cheshire, Mrs Helen Rodgers, Mrs 
Maria Clarke, D. Cahill, R. Paterson and P. Hollis for technical 
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National Health and Medical Research Council of Australia. 


G. B. RYAN 


Department of Anatomy, 
University of Melbourne 


è 


J. P. COGHLAN 
B. A. SCOGGINS 


The Howard Florey Institute of 
Experimental Physiology and Medicine, 
University of Melbourne, 

Parkville, Victoria 3052, Australia 


Received 4 December 1978; accepted $ January 1979. 


1. Latta, H. in Handbook of Physiology, Section 8: Renal Physiology (eds Orloff, J. & Berliner, 
R. W.) 1-29 (Am. Physiol. Soc., Washington, D.C., 1973). 

2. Hartroft, P. M. in Endocrine Pathology (ed. Bloodworth, J. M. B. Jr) 641-677 (Williams & 
Wilkins, Baltimore, 1968). 

3. Bowie, D. J. Anat. Rec. 64, 357-367 (1936). 

4, Lendrum, A. C., Fraser, D. S., Slidders, W. & Henderson, R. J. clin. Path. 15, 401-413 
(1962). 

5. De Wardener, Н. E. in Handbook of Physiology, Section 8: Renal Physiology (eds Orloff, J. 
& Berliner, R. W.) 677-720 (Am. Physiol. Soc., Washington, D.C., 1973). 

6. Barley, L. E. & Schrier, R. W. in Handbook of Physiology, Section 8: Renal Physiology (eds 
Orloff, J. & Berliner, R. W.) 721-762 (Am. Physiol. Soc., Washington, D.C., 1973). 

7. Gertz, К.Н. & Boylan, J. W. in Handbook of Physiology, Section 8: Renal Physiology (eds 
Orloff, J. & Berliner, R. W.) 763-790 (Am. Physiol. Soc., Washington, D C., 1973). 

8. Hüberle, D. A. & Shiigai, T. in New Aspects of Renal Function (eds Vogel, Н. б. & Ullrich, 
K. J.) 198-207 (Excerpta Medica, Amsterdam, 1978). 


0028-0836/79/0277—0656$01.00 


Nature Vol. 277 22 February 1979 








T-cell hybrids bear Fcy receptors 
and secrete suppressor 
immunoglobulin binding factor 


PROGRESS in the study of antibody structure and function came 
from the establishment of plasmocytomas and B-cell hybrids’ 
which produce large amounts of monoclonal antibodies. 
Another set of immune molecules, the T-cell factors regulating 
antibody production’, have not previously been extensively 
characterised, mainly because of the lack of homogenous and 
reproducible sources. The use of T-cell hybrids"? which would 
produce large amounts of a given factor would therefore be very 
useful for the characterisation of these molecules. Among the 
T-cell factors regulating antibody production, Gisler and 
W.H.F.^ have described an immunoglobulin binding factor 
(IBF) which binds to IgG, not to IgM and suppresses antibody 
production to T-dependent and T-independent antigens 
nonspecifically in vitro. IBF is the soluble form of the T-cell Fey 
receptor’ which is expressed on non antigen-specific suppressor 
T cells*?. As the Есу receptor is a marker of aset of suppressor T 
cells, one would expect that selection of T-cell hybrids for the 
expression of this receptor may lead to selection of T-cell lines 
producing permanently non antigen-specific suppressor factor. 
We report here the establishment of T-cell hybrids which 
express Есу receptors and produce suppressor IBF. 

T1 hybrid cell line and clones were obtained by fusion of 
BW 5147 T lymphoma cells (hypoxanthine, aminopterin and 
thymidine (HAT) sensitive, H-2* Thy-1.1 positive, Fcy receptor 
negative) with spleen cells from C57BL/6 (H-2°) mice primed 
with sheep red blood cells (SRBC). The T2C2 and T2D4 cell 
lines were obtained by fusion of the BW 5147 T lymphoma cells 
with B10.BR alloantigen-activated T cells (H-2*, Thy-1.2 posi- 
tive and 40% Есу receptor positive). Cells were fused using 
polyethylene glycol (PEG) as a fusion agent (Table 1). After 
distribution in microplates and two weeks of selection in HAT 
medium, hybrid populations were grown in RPMI 1640 medium 
(Eurobio) containing 1096 fetal calf serum (FCS) (Eurobio) 
(RPMI FCS). The hybrids were selected for the presence of 
membrane Есу receptors by a rosette technique and tested for 
the expression of H-2, Thy-1 and Lyt alloantigens by micro- 
cytotoxicity assays. Rosette determinations were carried out at 
4 °С using sheep erythrocytes (E) sensitised with IgG (EAIgG) 
or IgM (EAIgM) rabbit anti-Forssman antibodies’. The clones 
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Fig. 1 Release of Fc receptors from T-cell hybrids. Hybrid cells 
were incubated from 2-5 h at 37°C at a concentration of 2 x 10^ 
cells per ml and tested for their capacity to form rosettes with 
EAIgG. Rosette determinations were performed at 4°C by mixing 
5x 10? hybrid cells with 10° IgG-sensitised erythrocytes in 0.5 ml 
BSS. After centrifugation at 1,000 r.p.m. for 10 min at 4°C, and 
gentle resuspension, rosettes were counted. а, C], Т,С1Ео; B. ТІ: 
А TICIES; A TICIE4; b, A, T2C2; M T2D4. RFC, Rosette- 
forming capacity. 
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Table 1 Karyotic analysis and cell surface markers of T-cell hybrid lines 





Hybrid Average Cell 
cell no. of surface 
lines* Parental populationst chromosomest = markers§ 
Tl АКАТ х Spleen cells 53 H-2°, H-2*, 
lymphoma from C57BL/6 Thy-1,2, 
BW5147 mice immunised Thy-1,1, 
(H-2*, with SRBC Lyt-3,2 
Thy-1,1) (H-2°, Thy-1.2, 
Lyt-1.2, Lyt-3.2) 
T2C2and АКАТ x BIO.BR in vivo 51 H-2“, 
T2D4 lymphoma alloantigen- Thy-1.1, 
BWS5147 activated T cells Thy-1.2 
(H-2*, Thy-1.2) 


a a t am —— ————————— 


* Fusion was performed by adding 1 ml of 50% PEG (w/v) 1500 in serum-free 
RPMI to a pellet of a mixture of 10? spleen cells and 10’ BW5147 cells?. After 
1 min at 37°C, the suspension was gradually diluted to 10 ml (in 5 min) with 
serum-free RPMI 1640. After centrifugation RPMI FCS was added and cell 
suspension was distributed in 0.2 ml microplates (Falcon no. 3040) at a concen- 
tration of 2 x 10° cells per well and grown in selective HAT medium in a CO; 
incubator (5% СО) in air). Two weeks later, selective medium was removed and 
replaced by RPMI FCS. 

* Spleen cells of C57BL/6 mice were collected 5 days after immunisation by 
intraperitoneal injection of 108 SRBC. Alloantigen-activated B10.BR T cells 
were taken from spleens of lethally irradiated (850 rad) BALB/c mice recon- 
stituted 5 d before by intraveneous injection of 10° B10.BR thymocytes. 

i The average number of chromosomes of BW5147 was 43. In each experiment 
15 to 21 mitoses were observed. 

$ The hybrid cell lines were negative for cell surface Ig as revealed by 
immunofluorescence. The detection of other cell surface markers was performed 
by a microcytoxicity technique using guinea pig serum as a source of complement. 
100% ceils of T1 hybridoma were killed by C3H anti-CS7BL/6 (anti-H-2°) 
antiserum up to 1/80 dilution, by C57BL/6 anti-C3H (anti-H-2*) antiserum up to 
1/160 dilution, by AKR anti-C3H (anti-Thy-1.2) antiserum up to 1/40 dilution, 
by C3H anti-AKR (anti-Thy-1.1) antiserum up to 1/20 dilution and by C58 
anti-C58.CE Lyt-3.2 (anti-Lyt-3.2) antiserum up to 1/20 dilution. It was resistant 
to lysis by C3H anti-C3H.CE Lyt-1.2 (anti-Lyt-1.2) antiserum. 100% cells of 
T2C2 and T2D4 were killed by C57 anti-C3H (anti-H-3*) antiserum up to 1/160 
dilution, by C3H anti-AKR (anti-Thy-1.1) antiserum up to 1/20 dilution, and by 
AKR anti-C3H (anti-Thy-1.2) antiserum up to 1/20 dilution. 


TICICS, TICIE4 and ТІСІЕ9 from the Есу receptor-positive 
T1 hybrid were obtained by distribution of individual cells in 
microplates and were grown in RPMI FCS. 

In a first series of experiments we established that T1 and T2 
are T-cell hybrids. As shown in Table 1, their number of 
chromosomes (50-54) is higher than the number of 
chromosomes of the BW 5147 lymphoma (41-45), and they 
express H-2 and Thy-1 alloantigens of both parental strains and 
no cell surface immunoglobulins. In addition, T1 hybrid cells 
were found to be positive for Lyt-3.2 antigen which is known to 
be a marker of cytotoxic and suppressor T cells and to be 
negative for Lyt-1.2 antigen. With regard to the presence of Fcy 
receptors, ТІ hybrid, its clone derivatives (ТІСІС5, TICIE4, 
TICIE9) and the several T2 hybrid populations (T2C2, T2D4 
and five others) showed a permanent (over 12 months) capacity 
to form rosettes with EAIgG, while the parental BW cell line 
was negative. These rosettes detect specifically the Fcy recep- 
tors as: (1) 10096 are inhibited by aggregated rabbit and mouse 
IgG and not by aggregated F(ab’), fragments of rabbit IgG or by 
mouse IgM; and (2) no rosettes were found with E or EAIgM 
(data not shown). 

In previous studies we have shown that, when activated T cells 
are incubated at 37 °С, the Fc y receptors disappear from the cell 
surface and suppressor IBF appears in the supernatant". We 
therefore tested whether hybridomas would exhibit a similar 
phenomenon. When taken from the cultures and washed, 6- 
35% of cells of the different hybrid cell lines could form EAIgG 
rosettes depending on the phase of the culture. As shown in Fig. 
1, after incubation of the hybrid cells for 2-5 h at 37°C at a 
concentration of 2x 10* cells per ml in serum-free BSS, the 
number of EAIgG rosette-forming cells (EARFC) was much 
decreased. This was not due to death of Fcy receptor-positive 
cells as viability remains constant throughout the incubation 
period, but rather suggests that the hybrid cell lines, like the 
activated T cells’, may release Fcy receptors into the medium. 
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To determine if suppressor IBF is produced by the hybrid cells in 
these conditions, supernatants of 2 x 10^ cells incubated for 2 h 
at 37°C in serum-free BSS were tested for the presence of a 
suppressor factor which could be retained on IgG immunoad- 
sorbents. Table 2 shows representative experiments. In most 
cases, crude supernatants of the hybrid cell lines (T1CIC5, 
TICIE4, TICIE9, T2C2 and T2D4) suppressed in vitro anti- 
body production to SRBC and this suppressive activity was 
recovered in the acid eluates of IgG immunoadsorbents but not 
in the effluents. In one case (T1), even if no suppressive activity 
could be found in the crude supernatant, the acid eluate and not 
the effluent strongly inhibited the PFC response. As a control, 
neither the crude supernatants nor their acid eluates of 
BW 5147 parental cell line exerted suppress:ve activity. As the 
acid eluates contain only molecules which bind to IgG—IBF by 
definition—and the effluents are specifically devoid of these 
molecules, it is possible to state that the Fe~ receptor-positive 
T-cell hybrids produce suppressor IBF. 


3,000 


2,000 


PFC per 10° viable recovered cells 





Volume of material added (4l) 


Fig.2 Titration of suppressive IBF produced эу T1 hybrid cells’ 
Graded doses of crude supernatants (@), effluents (ГЛ) and acid 
eluates (x) from IgG immunoadsorbents were added 48 h after 
antigen to spleen cell cultures of C57BL/6 mice stimulated by 
SRBC, using a technique in tubes?. Direct PFC were measured at 
day 5 by the local haemolysis technique in liquid medium’ '. Each 
culture was made in duplicate and results are exoressed as PFC per 
10° viable recovered cells. 


The amount of suppressor factor produced by the hybrids is 
similar to the amount of suppressive IBF produced by activated 
T cells, as when supernatants and acid eluates from activated T 
cells or hybrid cells were prepared in the same way and tested at 
the same dose, no significant differences could be detected 
(Table 2). To titrate the suppressor factor produced by hybrid 
cells more precisely, graded doses of supernatants, effluents and 
acid eluates from IgG immunoadsorbents were added to spleen 
cells stimulated with SRBC. Figure 2 shows a representative 
experiment using T1 hybrid. A dose-dependent inhibition of 
antibody production was obtained with supernatant and acid 
eluate, while no suppression was observed with the effluents. 
Similarly to T-cell-produced ІВЕ°, 100% inhibition was never 
found, but 60-70% were obtained with small doses of acid 
eluate and high doses of crude supernatant, indicating enrich- 
ment in suppressive activity. The binding о? suppressor factor 
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Table 2. Production of suppreasive IBF by T1, its clones derivatives and T2 hybrid cell lines 








Cell lines 
TUE TNR ét scite T1 T1CIC5 TiCIEA TICIE9 
cells stimulated by PFC/10° cels % Іа PFC/10° cells % п PFC/10°%cells %JIn PFC/10*cells % In 
None ў 18,75:1380 — 23,064+1726 — 23,064+1726 -- 23,06441726 — 
Supernatantt 13,129+96 31 14950-1150 35 9,2004767 56 9,009+384 61 
Effluent from IgG-coated Sepharose beads} .§ 21,850+383 0 ND — ND — ND — 
Acid eluate from IgG-coated Sepharose beads? — 8,740575 54 10,02241315 57 7,962+885 67 89134239. 61 
Cell lines 

Material added to cultures of spleen T2C2 BW Activated cells 
cells stimulated by ЗЕВС" РЕС/10% cells % In PFC/10Ócell % In PFC/10°%cells % In РЕС/10 сев 96 In 
None 2,971245  — 2,5974245 — 6210x190  — 26,105+6731 — 
Supernatantt . 623 +144 76 1,186 +36 54 8,881+64 0 111314945 57 
wi ad HE (ek ON E. 2,314322 0 2,185+460 16 ND — ND — 
Acid eluate from IgG-coated Sepharose beadst 1,093+173 58 1,416+266 45 5,842+129 6 1,0570+398 60 


* 8x 105 spleen cells from B6D2F1 mice were cultured in RPMI 1640 supplemented with 10% FCS (Rehatuin-Reheis), 1% borse serum and 

antibiotics (penicillin, ) in Falcon plastic tubes for 5 d in a CO; incubator (5% CO, in air)®. SRBC (3 x 10° celis) were added at day 0, 
100 ul of materials were added 48 h later and direct PFC were enumerated at day 5 by the liquid local haemolysis technique’’. PFC are expressed per 
10* viable recovered cells. 

f Hybrid cells or activated T cells were washed at 4 °C ın BSS and incubated at a concentration of 2 x 10° cells mi” for 2 h at 37°C in serum-free 
BSS. Cell-free supernatants were taken after contrifugation at 200g for 10 min. 

t Cyanogen bromide-activated beads (Pharmacia) were coupled with 5 mg ml! of rabbit IgG (Miles, Eurobio) in sodium bicarbonate 
buffer, 0.1 M pH 8 (ret. 12). For immunoadsorption, a batch technique was used: 2 volumes of supernatants were mixed with 1 volume of Sephaross 
beads for 2h at 22°C, and the effluents were recovered after centrifugation. After washings in phosphate buffer, 0.02 M pH 7, the beads were 
incubated in 0.2 M glycine НСІ pH 2.8 buffer and the eluates were recovered by centrifugation and neutrelised to pH 7. Effluents and eluates were 
concentrated to half starting volume, dialysed against BSS, and sterilised on 0.22 рт Millipore filter. 

1 Alloantigen-activated T cells were prepared as described in legend to Table 1. 

ND, Not determined. % In, % inhibition. Thirty per cent inhibition was considered significant. 


to IgG and its non-antigen specificity is shown in 
Table 3, First, in experiment 1, crude supernatant of the T1 
hybrid cell line inhibits 2196 of the plaque-forming cell (PFC) 
response, and all the suppressive activity is present in the acid 
eluate of an IgG immunoadsorbent and not in the effluent. By 
contrast, when the same supernatant is applied to an IgM 
immunoadsorbent, suppressive activity is recovered in the 
effluent and not in the eluate, indicating that the suppressor 
factor binds specifically to IgG. As T1 hybrid was prepared with 
spleen cells sensitised with SRBC, it was necessary to rule out 
the presence of an antigen-specific suppressor factor in the 
eluates. Experiment 2 in Table 3 shows that the suppressive 
activity found in acid eluates from IgG immunoadsorbents could 
not be adsorbed on SRBC, demonstrating that IBF produced by 
T-cell hybrids as well as IBF produced by activated T cells 
behave as a non-antigen-specific suppressor factor. 

T-cell hybrids have already been obtained by several labora- 
tories* ^ but in most cases, except for one hybrid producing an 
antigen-specific suppressor f. , immunological functions of 
parental spleen cells were lost after fusion. A recent report by 
Taniguchi and Miller! describes several T-cell hybridomas 
obtained by using parental spleen cells enriched for I-J sub- 
region markers and'containing specific and nonspecific suppres- 
sor factors. However, suppressive activity was lost after. 3 
months of culture. The present work shows that selection of 
T-cell hybrids for the presence of Есу receptors leads to the 
establishment of lines which produce permanently (over 12 
months) non-antigen-specific suppressor factor. Also, some T 
lymphomas have been shown to permanently produce 
immunore unoregulatory molecules" ‘and in particular, Fc recep- 

tors!*!7, However, first, these molecules are of tumour and not 
Teel origin and ma may not'be identical to physiological products, 
and second, hybridisation of a given lymphoma with selected 
T-cell subpopulations may lead to T-cell lines producing various 


factors which could be compared on a biochemical basis and 
whose eventual differences could not be due to different origin 
of the tumour celis. These T-cell lines may be very useful for the 
characterisation of factors and for in vivo studies. 





Table 3 Production of an IgG binding, non-antigen-specific, 
suppressor IBF by T1 hybrid cell line 


PFC per 10 
celis 





Material added to cultures o£ spleen 


cells stimulated by SRBC* % Inhibition 


6,210+ 190 
4,910152 
5,485 531 


2,492 + 192 
3,368+411 


Sepharose beads* : 
Acid eluate from IgM-coated 5,1342 1,355 
Sepharose beads* 
Expt 2 
None 
Acid eluate from IgG-coated 
Sepharose beads 
. Acid eluate from IgG-coated 
' Sepharose beads adsorbed with 
SRBC} 


3,283 +293 
2,058+80 


2,052+166 37 





* See Table 2 legend for details. 
t One volume of packed SRBC were incubated with 3 volumes of 
eluate for 1 h at 4°C and centrifuged at 2,000 r.p.m. before use. 
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Novel a.,-adrenoreceptors 
primarily responsible for 
inducing human platelet aggregation 


BLOOD PLATELETS isolated from humans, in contrast to those 
from other mammalian species, aggregate on exposure to 
adrenaline or noradrenaline’. Studies using a antagonists have 
shown that this effect results from occupancy of an а adrenore- 
ceptor^?. However, Jakobs has reported that selective а 
agonists such as clonidine and phenylephrine bind with high 
affinity to the platelet a adrenoreceptor**, but fail either to 
induce an aggregation response’ or to inhibit platelet adenylate 
cyclase®, in contrast to the effects of natural agonists such as 
adrenaline'". Instead, such а agonists seem to act as antagonists 
at the platelet adrenoreceptor®. a Adrenoreceptors in other 
tissues have been classified as a, (postsynaptic) or a2 (presynap- 
tic) on the basis of their affinities for various selective a agonists 
and antagonists". Jakobs® has, however, interpreted his data on 
the human platelet adrenoreceptor as indicating the existence of 
a third category of a adrenoreceptor at which only the natural 
catecholamines are agonists. We report here that we have 
confirmed the observation that clonidine and phenylephrine are 
ineffective in inducing aggregation of human platelets and act as 
inhibitors of the response to adrenaline. However, further 
examination has revealed that the effects of these selective a 
agonists differ in certain important respects from those of selec- 
tive a antagonists, thus requiring substantial modification of the 
thesis advanced by Jakobs*. 

Figure 1 shows the effect of clonidine and of yohimbine, a 
selective a; antagonist?'?, on the aggregation response of 
human platelets to ADP, vasopressin and serotonin. Addition of 
clonidine 15s before each of these agonists causes marked 
stimulation of both phases of the response. Stimulation of the 
response is also observed if clonidine is added before other 
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agonists, such as collagen, thrombin or arachidonate. From the 
detailed dose-response curve (Fig. 1a) the concentration of 
clonidine which gives half-maximal stimulation of aggregation 
induced by ADP is 0.6 uM, in agreement wit, the concentration 
of this selective a agonist which gives half-maximal inhibition of 
the primary response to adrenaline (0.64.M). In contrast, 
yohimbine, which is also an effective inhib tor of aggregation 
induced by adrenaline (Fig. 2a), has little efect on aggregation 
induced by most other agonists (compare Fig. 1b and c) at 
concentrations which completely inhibit the response to 
adrenaline, and notably fails to stimulate these responses. The 
only exception is the response to serotonin where the extent of 
inhibition by yohimbine is rather more marked (Fig. 1d), 
However, yohimbine is an effective inhibito- of the stimulation 
by clonidine of the response to other agonists (such as ADP, 
vasopressin, serotonin)Fig. 1b-d). The concentration of 
yohimbine required for half-maximal inhibition of stimulation 
by clonidine of the response to ADP (2.5 uM) is, however, 
significantly greater than that which camses half-maximal 
inhibition of the primary phase of the response to adrenaline 
(0.5 uM). 

Similar studies have been carried out using phenylephrine and 
the selective a, antagonist, indoramin'^^. Phenylephrine 
added 15 s before platelet agonists other than adrenaline also 
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Fig.1 Stimulation by clonidine of the response of human platelets 
to ADP, vasopressin and serotonin (5-НТ) and the inhibition of 
this effect by yohimbine. Platelet-rich plasma was obtained from 
drug-free donors using 0.1 volumes of acid-citrate dextrose (0.1 M 
citrate) as anticoagulant , and platelet aggregat»on was monitored 
using a Payton dual-channel aggregometer as described pre- 
viously’. Additions were as folllows: a, at 1, clonidine at the 
concentrations (uM) indicated by the numbers on the traces; at 2, 
1.25 uM ADP; b, at 1 when indicated, 5 „М yohimbine, at 2 when 
indicated, 5.7 рМ clonidine, at 3, 0.75 uM AP; c, at 1 when 
indicated, 10 LM yohimbine, at 2 when indicated, 5.7 pM coni- 
dine, at 3, 0.046 nM vasopressin; d, at 1 wher indicated 10 uM 
yohimbine, at 2 when indicated, 5.7 „М clonidine, at 3, 1 uM 
serotonin. Absorbance is in arbitrary units. 
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causes a stimulation of the response to these agonists which is 
similar in magnitude to that observed in the presence of cloni- 
dine (Fig. 1). This is shown in Fig. 3 for ADP, thrombin and 
arachidonate. The concentration of phenylephrine which gives 
half-maximal stimulation of the response to ADP (30 jJ. MY(Fig. 
3a) is in reasonable ment with that which gives half- 
maximal inhibition of the response to adrenaline (25 рМ), 
although we did not obtain complete inhibition of the adrenaline 
response by phenylephrine at concentrations where the effect is 
specific. In contrast, indoramin fails to stimulate the response of 
human platelets to ADP or thrombin over a range of concen- 
trations which causes inhibition of the response to adrenaline 
(Fig. 35, c). The concentration of indoramin required to cause 
50% maximal inhibition of the adrenaline response is 42 uM 
(Fig. 2b). Although 150 рМ indoramin causes complete inhibi- 
tion of the response to adrenaline the effect may represent a 
nonspecific action, as this concentration also causes complete 
inhibition of the response to ADP. Specific inhibition of the 
adrenaline response is only observed at indoramin concen- 
trations «50 uM. Both yohimbine and indoramin selectively 
inhibit phenylephrine stimulation of the response to ADP (Fig. 
3b), The concentrations of these antagonists required to give 
half-maximal inhibition of the stimulated response аге 27 and 
2 uM, respectively. Indoramin also selectively blocks phenyl- 
ephrine-induced stimulation of the response to thrombin (Fig. 
3c). 

The stimulation of the response of human platelets to agonists 
such as ADP, vasopressin, serotonin and thrombin which results 
from the addition of the specific a agonists (Figs 1, 3) resembles 
that reported previously for rat platelets in which phenylephrine 
was found'to enhance the response to ADP'*. The effect in 
human platelets is quantitatively similar to that observed when a 
non-aggregating concentration of adrenaline is added before 
any one of these agonists^. As selective a antagonists fail to 
stimulate the response of human platelets to agonists other than 
adrenaline but act as inhibitors with respect to adrenaline itself, 
selective a agonists such as clonidine and phenylephrine seem to 
interact as partial agonists at the platelet adrenoreceptor rather 
than as antagonists as suggested by Jakobs‘. This situation, 
although unusual, is not unique, as other systems have been 
described in which clonidine at least, seems to act as a partial 
agonist!5. \ 

Our data also provide insight into the nature of the adrenore- 
ceptors on human platelets that are responsible for initiation of 
the aggregation response. As yohimbine is two orders of magni- 
tude more potent than indoramin as an antagonist of aggre- 
gation induced by adrenaline (Fig. 2), this latter response seems 
to be mediated by o; adrenoceptors. A similar conclusion is 
applicable to the action of clonidine as a partial agonist in 





Fig. 2 Inhibition by yohimbine and indoramin of the response of 

human platelets to adrenaline. Platelet aggregation was monitored 

as described for Fig. 1. Additions were as follows: a, at 1, yohim- 

bine at the concentrations (uM) indicated by the numbers on the 

traces, at 2, 5 рМ adrenaline; b, at 1, indoramin at tbe concen- 

trations (uM) indicated by the numbers on the traces; at 2, 5 „М 
adrenaline. 
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Fig.3 Stimulation by phenylephrine of the response of human 
platelets to ADP, thrombin and arachidonate and the inhibition of 
this effect by yohimbine and indoramin. Platelet aggregation was 
monitored as described for Fig. 1. Additions were as follows: a, at 
1, phenylephrine at the concentrations (uM) indicated by the 
numbers on the traces; at 2, 1.25 „М ADP, b, at 1 when indicated, 
10 uM indoramin or 40 uM yohimbine, at 2 when indicated, 
77 АМ phenylephrine and at 3, 1.5 uM ADP; c, at 1 when 
indicated, 5 рМ indoramin, at 2 when indicated, 77 pM. phenyl- 
ephrine, at 3, 0.28 units thrombin; d, at 1 when indicated, 38.5 uM 
phenylephrine; at 2, 0 4 „М arachidonate. 


stimulating the response/to agonists other than adrenaline, 
although in this case, bl "i by yohimbine occurs over a range 
y 


of concentration signifi higher than that required for 
inhibition of the respo adrenaline (Figs 1, 2). In contrast, 
indoramin at concentrati « 50 uM has little effect as an 


inhibitor of the clonidine-stimulated responses, as would be 
expected from the relative efficiency of the two antagonists on 
the response to adrenaline (Fig. 2). However, the pattern of 
inhibition by indoramin and yohimbine is exactly reversed for 
phenylephrine stimulation of the response to agonists other than 
adrenaline: In this case, complete blockade of the stimulated 
response by indoramin occurs at a concentration (5-10 pM) 
which has little, if any, effect on aggregation induced by 
adrenaline (Figs 2b, 3b, c). Blockade by yohimbine of the 
phenylephrine stimulation is, in contrast, less effective than that 
caused by indoramin and occurs only at concentrations of 
yohimbine well in excess of those required for inhibition of the 
responses to adrenaline or clonidine. This pattern of inhibition 
suggests that, in contrast to adrenaline or clonidine, phenyl- 
ephrine is exerting its effects through a, adrenoreceptors which 
are, however, less effective in inducing aggregation and make 
only a minor contribution to the response to the natural agonist. 

Both our data and those of Jakobe® seem, therefore, to be 
satisfied by a postulate which suggests that human platelets carry 
both a, and a; adrenoreceptors at which phenylephrine and 
clonidine, respectively, act as partial agonists. The a; adrenore- 
ceptor is identified as being primarily responsible for mediating 
the response to the natural agonist. This conclusion seems to 
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agree with the nature of the response of human platelets to 
adrenaline that involves secretion as well as aggregation^*. The 
proposal by Jakobs‘ that the platelet carries a unique species of 
adrenoreceptor does not seem warranted by the data now 
available. 
We thank Dr Stewart Johnson for gifts of clonidine and 
indoramin. 
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Amines inhibit the clustering 
of «,-macroglobulin 
and EGF on the fibroblast cell surface 


a?-MACROGLOBULIN (a;M), insulin and epidermal growth 
factor (EGF) have a common mechanism for internalisation'. 
We have proposed a model for this mechanism" * in which the 
ligands bind to diffusely distributed receptors followed by the 
collection of the mobile ligand-receptor complexes over coated 
pits. These coated pits pinch off from the plasma membrane to 
form endocytic vesicles. The diffuse initial distribution of the 
aM receptors has been shown by binding «2M to fixed cells and 
observing the location of aM by an electron microscopic 
immunocytochemical method’. The mobility of the ligand- 
receptor complexes has been demonstrated using fluorescence 
photobleaching recovery’, and the clustering of such complexes 
has been demonstrated by fluorescence microscopy! ^^. Elec- 
tron microscopic immunocytochemical localisation has been 
used to show that the clustering occurs over coated pits which 
pinch off to form endocytic vesicles?. The mechanism proposed 
for the endocytosis of aM, insulin and EGF is similar to that 
described for the internalisation of low density lipoprotein 
(LDL), except that unoccupied LDL receptors may cluster in 
coated pits before binding LDL*. It seems likely that many 
molecules, including other polypeptide hormones and the 
lysosomal hydrolases’ which bind to specific receptors on the 
cell surface, are internalised by a similar mechanism. To deter- 
mine the role of clustering and internalisation in hormone action 
it would be useful to have an agent that inhibits these processes. 
It has been found that the internalisation of lysosomal enzymes 
is noncompetitively inhibited by some amines and ammonia (E. 
Neufeld, personal communication). It has also been reported 
that ammonia prevents the internalisation of diptheria toxin by 
HeLa cells. In view of these effects, we examined the possibility 
that amines and ammonia would block the clustering of a;M апа 
EGF, and we report here that these agents are effective in 
blocking clustering and internalisation. 

When rhodamine-labelled a;-macroglobulin (R-a;M) is 
added to the culture medium of Swiss 3T3-4 cells, the 
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Fig. 1 Inhibition of aM clustering. a, Swiss 3T3-4 cells were 
incubated for 20 min at 37 °C in Dulbecco-Vogt's modified Eagle's 
medium containing 30 ug ml! R-a2M. b, Cells were incubated 
with 10 mM methylamine hydrochloride for 20 min at 37°C and 
30 pg ml! R-a;M was then added for a further 20 min incubation 
at 37°C. In c, 30 mM methylamine was presert before and during 
the 20 min incubation with R-a2M. The cells were then rinsed with 
fresh medium and incubated for 20 min at 37 °C. This resulted in a 
punctate fluorescence pattern similar to that :n a. When methyl- 
amine was present for the final incubatiom (not shown), the 
fluorescence remained diffuse as in b. d, Cells were incubated in 
medium without Ca^", containing | mM Mg" and 1 mM EGTA, 
for 5 minat 37 °C. 30 ug ml 7! R-o5M was ther added, and the cells 
were incubated for 30 min at 37°C. After the indicated incuba- 
tions, the cells were rinsed and fixed with 2% formaldehyde in 
Dulbecco's phosphate-buffered saline for 1 min at 23°C. The 
fluorescence was recorded on videotape using a silicon intensifier 
target television camera’, and photographs were taken from the 
video monitor. Magnification, 678. 


fluorescent emission from the R-o,M is observed in a punctate 
distribution on the cells? (Fig. 1a) as a result of clustering and 
endocytosis'*. In contrast to the punctate Juorescence seen in 
Fig. 1a, R-a;M added after a brief incubaticn with methylamine 
forms a diffuse pattern of fluorescence on tke cells (Fig. 15). No 
inhibition of clustering was noted at amine concentrations below 
0.1 mM, and the inhibition of clustering is complete at 10- 
30 mM methylamine hydrochloride. 

Ammonium acetate and the hydrochlor de salts of methyl- 
amine, ethylamine, propylamine and n-butylamine were ali 
effective in blocking clustering, and all showed a similar concen- 
tration dependence. r-Butylamine was slightly less effective than 
these amines in blocking clustering. Chleroquine (0.1 mM), 
lidocaine (1 mM), Tris-HCI (30 mM), N-acetyl-L-lysine-N’'- 
methylamide (10 mM) and 1, 4-diaminobutane-2HC! (putres- 
cine) (10 mM) did not block clustering. It is apparently necessary 
for the amines to be inside the cells for the clustering to be 
inhibited, as simultaneous addition of methylamine and R-a,M 
resulted in extensive clustering. The failure of putrescine to 
block clustering is probably due to its Ісу rate of uptake’, 
compared to aliphatic monoamines, which diffuse through the 
membrane as the uncharged species. 

The fluorescence intensity of cells incubated with R-o;M in 
the presence or absence of methylamine was approximately the 
same, indicating that the binding of eM by surface receptors is 
not blocked by the amine. Furthermore, R-o;M which was 
bound diffusely to the cells in the presence of methylamine 
appeared in a punctate distribution 20 min after removing the 
amine from the medium (Fig. 1c). Fluorescence photobleaching 
recovery measurements^" (F.R.M., unpublished) demon- 
strated that amines did not reduce the mobil ty of a; M-receptor 
complexes. 
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The inhibition of clustering by methylamine was confirmed 
using immunocytochemical localisation. Figure 2a demon- 
strates the diffuse labelling of the plasma membrane. There was 
an occasional slight concentration of label in these conditions in 
a coated pit, but this degree of clustering is considerably less 
than that seen in the absence of methylamine (Fig. 25). The 
morphology of the cells was not changed in any obvious way by 
methylamine treatment. 

Removal of Ca^* from the medium was also found to inhibit 
the clustering of R-a;M (Fig. 1d). The R-a;M bound to the cells 
in the absence of extracellular Ca^* did not form clusters when 
fresh medium containing Ca** (without R-a;M) was added to 
the cells. However, the cells were still able to form clusters after 
EGTA treatment; R-a;M added with fresh Ca?'-containing 
medium formed clusters normally. EGTA itself was not 
responsible for the inhibition of clustering. When excess (4 mM) 
Са?” was added to medium containing 1 mM EGTA, R-a;M 
formed clusters on the cells. Magnesium was not able to substi- 
tute for calcium. Evidently, calcium must be present as the a M 
binds to its cell surface receptor, as addition of calcium after 
removal of the R-a;M from the medium did not result in 
clustering. 

EGF has previously been shown to form clusters which coin- 
cide with the clusters formed by a;M'^. Figure 3 shows that 
30mM methylamine blocks the clustering of a rhodamine- 
labelled derivative of EGF. As with a;M, binding to cell surface 
receptors was not inhibited by methylamine. 

It has been suggested that ammonia, chloroquine and lido- 
caine might block the degradation of EGF by the same 
mechanism, perhaps by inhibition of proteolysis іп lysosomes''. 
Our results indicate that the proximal effect of ammonia (but not 
chloroquine or lidocaine) in blocking EGF degradation is the 
inhibition of clustering. Ammonia also blocks the degradation of 
human choriogonadotropin (HCG) by murine Leydig tumour 
cells, without affecting HCG-induced steroidogenesis". We 





Fig.2 Localisation of surface-bound a;M. Cells were pretreated 
with 30 mM methylamine (a) for 20 min at 37°C followed by 
incubation with 250 ug ml! œM for 5 min. They were then rinsed 
and fixed with 2% glutaraldehyde, and the surface-bound a;M was 
detected using affinity-purified antibody to a2M and peroxidase- 
conjugated anti-IgG (Cappel). Cells were incubated with 
diaminobenzidine substrate, post-fixed in 1.5% OsO,, dehydrated 
in ethanol and embedded in Epon 812 as previously described". 
Tangential thin sections were viewed without staining at 50 kV 
with a Hitachi HU-12A electron microscope. In a the diffuse 
labelling of the surface in 30 mM methylamine is shown, and a 
coated pit (arrows) shows little or no concentration of label above 
the rest of the surface. This is in marked contrast to the massive 
concentration of label in the coated pits in the absence of methyl- 
amine (5). Magnification, x50,400; bar, 0.1 um 
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Fig. 3 Methylamine inhibition of EGF clustering. Cells were 
incubated in medium containing 1% fetal calf serum without (а) or 
with (b) 30 mM methylamine for 20 min at 37 °С. 50 ng ml! of 
rhodamine-labelled EGF was then added to the cells, and the cells 
were incubated for 20 min at 37°C. They were then rinsed and 
fixed, and fluorescence was recorded as in Fig. 1. The rhodamine- 
labelled EGF consisted of rhodamine-labelled a-lactalbumin 
coupled to the a-amino group of EGF. The binding affinity of this 
derivative was shown to be the same as that of native ЕСЕ!° 
Magnification, x 1,130 


speculate that the internalisation of this hormone is blocked by 
ammonia. 

The mechanism for blocking clustering is not clear. One 
possible mechanism of action for the amines would involve an 
increase in the intracellular pH resulting from diffusion of 
uncharged amines across the plasma membrane followed by 
protonation inside the cell. It has been shown that chloroquine, 
methylamine and ammonia raise the lysósomal pH in this way". 
The increase in pH could then, for example, interfere with a 
protein-protein interaction necessary for clustering. 

An alternative is that the enzyme tranglutaminase is involved 
in the formation of clusters of receptor-ligand complexes over 
coated pits. This enzyme catalyses the formation of e-(y-glu- 
tamyl) lysine crosslinks between proteins". It requires calcium 
for activity and is inhibited by ammonia and aliphatic amines, 
both of which are properties shared by the mechanism for the 
clustering of receptor-ligand complexes. &-(y-glutamyl) lysine 
crosslinks have been found in high concentrations in the plasma 
membrane proteins of mouse L се!15'°. According to this hypo- 
thesis, the binding of a ligand to its receptor would activate 
endogenous transglutaminase (through Ca^' binding to the 
enzyme), which would then crosslink the receptor (or an 
associated protein) into the coated pit. 

The inhibition of clustering by amines should prove useful in 
understanding the role of clustering and internalisation in 
various cellular functions. Hormone actions which require 
internalisation should be blocked by amines, and actions which 
occur only as a result of surface binding should be unaffected or 
enhanced. Further studies of the amine inhibition of clustering 
should help to elucidate the molecular mechanism for the 
clustering of ligand-receptor complexes. 
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Peptide map analyses of murine 
Ia antigens of the 
I-E subregion using HPLC 


THE I REGION of the major histocompatibility complex (H-2) 
of the mouse! controls various immunologically related 
functions including immune responsiveness and T-cell, B-cell 
and macrophage interactions^?. The only gene products of the I 
region which have been identified by immunochemical tech- 
niques are the Ia antigens which are encoded by loci mapping to 
the I-A and J-E subregions of the I region*. Previously there has 
been ambiguity over whether the I-E and/or I-C subregion(s) 
control molecules detected by immunoprecipitation. Recent 
evidence suggests that the former, not the latter, controls these 
molecules^^. The Ia antigens are highly polymorphic by serolo- 
gical analysis and are expressed predominantly on B lympho- 
cytes and epidermal cells’. Ia molecules are integral cell-surface 
teins and consist of two subunits of approximate mole- 
cular weights 35,000 (a) and 28,000 (8) which are nonco- 
valently associated’. A general nomenclature has been agreed 
upon for the Ia polypeptides". For example, the a polypeptide 
from the I-E subregion of a mouse of the H-2° haplotype is 
denoted ЕЗ. Partial N-terminal amino acid sequence analyses of 
Ia polypeptides from the 1-Е and I-A subregions of mice*^'^, 
humans!'^" and guinea pigs! have led to several important 
observations. (1) The E, polypeptides of mice show striking 
homology with human a chains (p34) at least at their N-termini. 
The E, polypeptides of mice also demonstrate some homology 
with their guinea pig and human counterparts. (2) The Ia 
polypeptides from the I-A subregion of mouse show little 
apparent homology with their human, guinea pig and I-E- 
subregion counterparts. (3) The A., A, and E, polypeptides of 
various haplotypes differ by one or more residues at their 
N-termini. However, for the Ed and Е“ polypeptides no amino 
acid differences have been unequivocally demonstrated. To 


0028—0634/79/0277—0663$01 00 


663 


Table 1 Genetic constitubion of recipsent-doaor-target stram combmations of 
mice uscd to prepare alloantwers and Ia polypeptides 





Stram Hapo , Regions of H-2 
type I 

к NM SD 

А В JEC 
А.ТН (Recrpient) t2 s 6 ss 6s d 
A. TL Donor tl s k k k d 
B10. HTT Target 5.5 8 d 
(B1OxHTDF, (Recipient) b/i b b b b b b b b/d 
B10 А (5R) Donor i5 b b bjk k d dj d 
B10.D2 Target d d d ERN d 





Boxed regions indicate the specificity of tho antiserum against the target. 


determine whether the N-terminal differences in the E, poly- 
peptides extend throughout other regions of these polypeptides 
and whether the E, polypeptides are identical, we have under- 
taken tryptic peptide analyses of two Ia molecules from the I-E 
subregion. We report here the application of high-pressure 
liquid chromatography (HPLC) to the separation of tryptic 
peptides and present comparative tryptic peptide maps for I-E 
subregion products from the H-2? and H-2* haplotypes. 

The procedures used for isolation and separation of the tryptic 
peptides of Ia polypeptides are described in Fig. 1. Table 1 gives 
the genetic constitutions of the mice used in the preparation of 
the álloantisera and the Ia antigens. The ificities of the 
antisera have been discussed elsewhere'*’’. Reverse-phase 

LC has „peen used to separate peptides of biological 
significance!" and tryptic peptides of globular proteins!*. We 
now report its application to the separation of radiolabelled 
tryptic peptides of integral membrane proteins. We have found 
that the number of radiolabelled peptides which we detect by 
HPLC and conventional ion exchange, for both transplantation 
antigens (unpublished résults) and Іа polypeptides, are 
comparable. 

If the N-terminal homology observed berween the E, and E, 
polypeptides and human Ia polypeptides continues throughout 
their entire structures, then from amino acid composition data 
for human Ia p29 (8) and p34 (a) polypeptides", we can expect 
23-26 сане peptides per molecule. Freed has reported ~12 

tritiated arginine-containing peptides for the E$ s polypeptide 
using conventional ion-exchange chromatography!*. We detec- 
ted about seven tritiated tyrosine-containing peptides and about 
15 leucine-containing peptides for the ЕЁ polypeptide (Fig. 1). 
Accordingly, we are monitoring approximately 30-65% (7/23- 
15/23) of the tryptic peptides of the polypeptide. 

Comparison of tryptic peptides of the E, polypeptides shows 
that there are several common peptides and multiple peptide 
differences (Fig. 1). We conclude multiple amino acid 
differences are present in several regions of the E, polypeptides. 
In contrast, the EX and Е“ polypeptides db not show any definite 
peptide differences (Fig. 1). One major peptide of the leucine 
map of the Ef polypeptide seems to be broader than its EX 
counterpart; we cannot explain this difference. As comparative 
peptide maps overemphasise amino acid differences and as we 
cannot detect any definitive peptide differences, we conclude 
that the Е, polypeptides must be extremely similar, if not 
identical. 

These comparative peptide maps permit us to draw several 
interesting genetic and evolutionary conclusions about the Ia 
polypeptides. 

(1) Homology relationships. Several Ia polypeptides of the 
I-A subregion have been analysed 'by HPLC of tryptic digests!?. 
The E, and A, polypeptides share at most one tyrosine- 
containing peptide. The E, and A, polypeptides d ecd share 
only one or two peptides, although the A5 and E polypeptides 
show co-chromatography of four of seven tyrosine peptides. We 
do not know whether this apparent similarity is fortuitous or 
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were reduced, 
were boiled for 5 min in 0.5 ml of 0 6M Tra, 0.00 M EDTA, 9% SDS, pH 8.3 


temperature using 
with 0.05 M Tris, 2% 2% 
with 20% trichloroacetic scd, washed, dried and digested for 18 h at room 
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temperature -pbenyl)-ethyl-chloromethyl-ketone 
0.001 M HCI). Another 10 ш of trypsin soliton was added and after 4 h the resulting peptides were lyophilised. The peptides wore analysed on a DuPont 830 HPL 


whether it signifies sequence homologies. In any case, it seems 
that the a and В polypeptides from the I-A and I-E subregions 
are not very closely related to one another. 

(2) Genetic mapping. The mice from which the E* and E* 
molecules were isolated are congenic, presumably having dis- 
tinct H-2 complexes superimposed on genetically identical B10 

Haplotype-associated -amino acid or peptide 
differences have been bbserved in the E, polypeptides, which 
implies that the genes (structural or regulatory) controlling the 
synthesis of the Е, polypeptides are located within the H-2 
complex. As the E, gene product is apparently not polymorphic, 
no conclusions can be drawn about whether it lies in the H-2 
complex. If the Ек and E2 polypeptides are indeed identical, the 
serological determinants on Ia molecules of the I-E subregion 
must reside on the corresponding E, polypeptides. 

(3) Complex allotypes. The E, polypeptides exhibit multiple 
amino acid substitutions and can be defined as complex allo- 
types. The importance of distinguishing complex from simple 
allotypes, such as sickle-cell haemoglobin and its normal coun- 
terpart, is that a more complicated genetic organisation or 
evolutionary history is required to explain the generation of 
complex allotypes?. The a and В polypeptides of the I-A 
subregion and the K and D transplantation antigens, and the В 
polypeptide of the I-E subregion are all examples of complex 
allotypes. Thus, five distinct genes (or gene systems) encoded by 
the H-2 complex exhibit the phenotypic behaviour of complex 
allotypes. 


evaporated to drynees. 0 5 ml 
counter 


Jones et al.?'7? have reported that immunoprecipitates made 
using antisera having Ia specificities give a remarkably complex 
series of spots when analysed by two-dimensional gel elec- 
trophoresis and that these immunoprecipitates contain an 
invariant polypeptide of MW 31,000. We are now refining our 
peptide map procedures to identify which of these polypeptides 
have been analysed by amino acid sequence and peptide map 
techniques. 

This work was supported by grants Al 10781 and AI 07757 
from the NIH. M.M. is a Senior Lievre Fellow of the California 
Division of the American Cancer Society. J.M.C. is a Senior 
Fellow of the American Cancer Society. We thank Professor J. 
A. Frelinger for the gift of two B10.HTT mice. 
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Promotion of 
microtubule assembly in vitro by taxol 


TAXOL (Fig. 1) was isolated from the plant Taxus brevifolia 
(western yew) by Wani et al., who reported that the molecule has 
antitumour activity in several experimental systems’. In our 
laboratory we have found that taxol, a low molecular weight 
neutral compound, completely inhibits division of exponentially 
growing HeLa cells at low concentrations of drug (0.25 uM) that 
have no significant effects on DNA, RNA or protein synthesis 
during a 4-h incubation with the cells. HeLa cells incubated with 
taxol for 20 h are blocked in late G4 and/or M (ref. 2). We report 
here that taxol acts as a promoter of calf brain microtubule 
assembly in vitro, in contrast to plant products such as colchicine 
and podophyllotoxin, which inhibit assembly. Taxol decreases 
the lag time for microtubule assembly and shifts the equilibrium 
for assembly in favour of the microtubule, thereby decreasing 
the critical concentration of tubulin required for assembly. 
Microtubules polymerised in the presence of taxol are resistant 
to depolymerisation by cold (4 °С) and CaCl, (4 mM). 

Many models have been proposed for the microtubule 
assembly system used in these experiments’, but the exact 
mechanism for microtubule assembly in vitro is not known; the 
conditions required have been described elsewhere*. A dynamic 
equilibrium of microtubules with tubulin dimers has been 
demonstrated in vitro*7. Our standard conditions for assembly 
in a final volume of 1.0 ml at 37 °С are: 1 mM EGTA, 0.5 mM 
MgCl, 1 mM GTP, 0.1 M 2-[N -morpholino]ethane sulphonic 
acid (MES) at pH 6.6 and 1 mg ml! tubulin. 





Fig. 1 Structural formula of taxol. 
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Fig.2 Effect of taxol on microtubule assembly kinetics. Calf brain 


tubulin was prepared by two cycles of assembly—disassembly’® and 
stored at —20°C in MES buffer (0.1 M MES, 1mM EGTA, 
0.5 mM MgCl, adjusted to pH 6.6 with NaOH) containing 1 mM 
GTP and 4 M glycerol. Before each experiment the tubulin was 
dialysed for 3h at 4°C against 100 vols of MES buffer, and 
centrifuged at 120,000g for 20 min at 4 *C. Tubulin present in the 
supernatant was maintained in an ice beth. Tubulin purified by this 
method is 8596 pure as determined on 3-27% SDS-poly- 
acrylamide gradient reducing slab gels”? . Assembly was monitored 
by the method of Gaskin et aL". The cuvettes (1 cm path) contain- 
ing MES buffer, drug and 1 mM GTP were kept at room tempera- 
ture before addition of tubulin and shifting to 37°C. Turbidity 
measurements were made at 350 nm every 20s on a Gilford 
spectrophotometer equipped with an automatic recorder and a 
thermostatically regulated sample chamber. Taxol was dissolved in 
dimethyl sulphoxide at 10 mM and stored at —20 °C. The final 
concentration of dimethyl sulphoxide (0.5%) had no detectable 
effect on the assembly of tubulin. a, Standard assembly conditions: 
no additions (—); 0.05 (--+-); 0.1 (--5 0.5 (- 51655 

(---); and 10 (-- "+ -) ЬМ taxol. b, Standard assembly conditions: 
0.25, 0.5, 0.75 or 1 mg ml? tubulin, 37°C. No additions (—); 

5 uM taxol (~: -). 


Microtubule assembly was monitored by the increase in 
turbidity and by electron microscopy. In our conditions, taxol 
causes a dose-dependent decrease in the lag time for assembly 
(Fig. 2a); whereas the control has а 3.5 min lag time, 5 „М taxol 
essentially eliminates the lag time. The control assembly pro- 
gress curve is sigmoid, but addition of 5 uM taxol gives hyper- 
bolic kinetics. Ribbon structures and dimers are seen with the 
electron microscope at 30s with 1 mg mI ' tubulin and 5 М 
taxol; in the control there are only rings and dimers (data not 
shown). The ribbon structures observed at 30s with taxol are 
probably intermediates in assembly, as only microtubules are 
seen at 30 min. Figure 2b demonstrates that taxol decreases the 
lag tíme independently of tubulin concentration. 

Microtubules polymerised in the presence of 10 uM taxol are 
shorter than in the control. Average microtubule lengths were 
determined by electron microscopy! at 30 min, a time at which 
equilibríum was apparently reached. The average length of the 
control microtubules is 4.12+2.12 jum, whereas the micro- 
tubules polymerised in the presence of 10 jum taxol have an 
average length of 1.49 +0.65 рт. 

Microtubules were polymerised in the labsence and presence 
of 5 uM taxol for 30 min at 37 °С, and then chilled in an ice bath 
for 30 min. By electron microscopy, microtubules were seen 
only in the drug-treated sample. Ribbon structures, but no 
microtubules, were observed when polymerisation was carried 
out at 4°C for 30 min in the presence of 50 uM taxol. Micro- 
tubules assembled at 37 °C in the presence of 10 uM taxol were 
completely resistant and those assembled in the presence of 
5 uM taxol were partially resistant to depolymerisation by 4 mM 
CaCl, (Fig. 3a). Dimers, rings and microtubules were present 
30 min after the addition of CaCl, to microtubules assembled in 
the presence of 5 uM taxol. Figure 35 demonstrates that micro- 
tubule assembly will take place in the presence of 4 mM CaCl, 
and 5 рМ taxol. 

Microtubules were centrifuged at 120,000g for 30 min and 
resuspended in 1 ml of MES buffer with or without 10 pM taxol. 
After 4min, 4mM CaCl, was added to the resuspended 
samples. Continuous turbidity measurements and electron 
microscopy indicated that no microtubules were present in the 
non drug-treated sample after the addition of CaCl, whereas 
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Fig. 3 Effect of CaCl, on microtubules assembled in vitro in the 
presence of taxol. a, Standard assembly conditions. No additions 


(——); 0.1 (~~~); 5 (-: -); and 10 (---- -) uM taxol. CaCl, is 
added at a final concentration of 4 mM at 30 min (|). 6, Assembly 
conditions as in (a). No additions (——); 4 mM CaCl, plus 5 uM 


taxol (- : -); 4 mM CaCl, (- --). 


the taxol-treated microtubules were resistant to depolymerisa- 
tion by CaCl,. Such experiments suggest that a taxol binding site 
is available on the intact microtubule. 

Tubulin (7.7 uM; 1 mg mi^! total protein) was assembled in 
standard conditions in the absence and presence of 10 uM taxol 
for 20 min. After centrifugation at 120,000g for 30 min, the 
amount of protein in the pellets and supernatants was deter- 
mined’. In the absence of taxol, 0.57 mg of protein was pelleted 
by centrifugation, When tubulin was assembled in the presence 
of 10 uM taxol, 0.78 mg of protein was pelleted. A maximum 
amount of protein was pelleted at a taxol concentration approx- 
imately stoichiometric with the dimer concentration. 

There is evidence that microtubule assembly in vitro takes 
place by the nucleated condensation mechanism of Oosawa and 
Kasai’. This model is supported by a requirement for a critical 
concentration (C,) of protein to achieve assembly, and by tubu- 
lin-microtubule equilibrium data^*'", The critical concen- 
tration is approximately the inverse of the apparent microtubule 
propagation equilibrium constant (К 5? ) for the addition of a 
single tubulin dimer to a pre-existing microtubule’. 

Ke 


tubulin dimer + microtubule (length п) = 
let КУ? = C;! 


Below the critical concentration, no microtubules are found by 
light scattering, electron microscopy or sedimentation 
velocity? 7°", 

Taxol causes a decrease in the critical concentration of protein 
required for microtubule assembly in vitro (Fig. 4). Protein 
concentration was determined in both the supernatants and 
pellets. In the absence of drug (Fig. 4a), the critical concen- 
tration observed is 0.2 mg ml '(1.8 uM), a value which cor- 
responds well with that previously reported’. In the presence of 
5 рМ taxol (Fig. 45) the critical concentration decreased to 
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Fig. 4 Comparison of critical concentrations determined by 

centrifugation (120,000g at 25 °C for 30 min) of microtubules (O) 

and turbidity measurements (@) in the absence (a) and presence 

(b) of 5 uM taxol. Co is the total protein concentration. Deter- 

minations are made after a 30 min incubation in standard assembly 
conditions. 
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0.01 mg ml (0.08 uM). The values for the apparent standard 
free energy (AG3,,) of addition of a tubulin dimer to a growing 
microtubule have been calculated using the formula AG?,, = 
-RT In Ку. For control and taxol-treated (5 рМ) prepara- 
tions, respectively, values for Ка? were 5.7 x 10° and 1.1 
10" 1 mol, and for AG%,,, -8.0 and < —10.0 kcal mol^'. As 
taxol renders microtubules resistant to depolymerisation, the 
change in the apparent equilibrium constant could be the result 
of a reduced dissociation rate constant. 

Turbidity at 30 min did not change appreciably compared 
with that of the control until the protein concentration was less 
than 0.25 mg ml ' (Figs 24, 4). Microtubules, tubulin hoops’? 
with less than 13 protofilaments, and ribbons were observed at 
0.1 mg mI! tubulin in the presence of 5 uM taxol at 30 min, 
whereas the control contained no structures (Fig. 5). At 
1 mg mi^! tubulin and 5 uM taxol, essentially no hoop structures 
or ribbons, only short microtubules, were found at 30 min. 





Fig. 5 Electronmicrograph of the structures assembled in the 

presence of 0.1 mg ml! tubulin and 5 рМ taxol at 30 min in 

standard conditions. Structures were negatively stained with uranyl 

acetate?! MT, Microtubule; H, hoop; R, ribbon. Scale bar, 
0.2 um. 


More and shorter microtubules are polymerised when 
assembly takes place in the presence of taxol. These shorter 
microtubules do not scatter light to the same degree as the 
control microtubules at the identical protein concentration’. 
However, as there are more of the short microtubules than there 
are of the control microtubules, there is very little difference in 
the amount of turbidity that develops at concentrations of 
protein above 0.25 mg ml! at 30 min. If the average length of 
the microtubules and the mass of protein pelleted after poly- 
merisation in the presence of 10 4M taxol are taken into 
account, there is an approximate 3.8-fold increase in the number 
of microtubules (nucleations) in the drug-treated sample. 

Phosphocellulose-purified tubulin, which is free of micro- 
tubule-associated proteins, will assemble in the presence of 
stoichiometric concentrations of taxol. Тахо! also promotes 
assembly of charcoal-treated tubulin (1 mgml^!), which 
contains substoichiometric concentrations of GDP at the 
exchangeable site'*. The drug has no effect on GTP or GDP 
hydrolysis in our microtubule preparations (data not shown). 

There are similarities between microtubule and F-actin 
polymerisation. A nucleated condensation mechanism for the 
polymerisation of F-actin has previously been described". 
Opposite-end assembly and disassembly have been shown for 
both F-actin polymerisation'? and microtubule polymerisation 
at steady state in vitro". Bound nucleoside triphosphate is 
hydrolysed during polymerisation in both systems. Phalloidin, a 
bicyclic peptide from the toxic mushroom Amanita phalloides, 
has been reported to accelerate the polymerisation of F-actin 
and confer resistance to depolymerisation' ^. Phalloidin and 
taxol represent natural products that enhance self-assembly 
systems. From our results, we consider that there may be low 
molecular weight cell constituents with activity similar to that of 
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taxol which may be involved in the regulation of microtabule 
assembly in the cell. 

We thank Dr Felicia Gaskin for advice and assistance, and Dr 
Richard Burger for his criticism of the manuscript. This work 
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Molecular basis of thermostability 
in the lysozyme from bacteriophage T4 


MOST proteins are denatured at temperatures above 50-60 °C, 
although some enzymes, especially those from thermophilic 
organisms, remain active at temperatures up to 80-90 °С. 
The determination of the three-dimensional structure of the 
thermostable protease thermolysin showed that heat-stable 
proteins do not contain unusual structural features absent from 
leas stable proteins’. Furthermore, the amino acid sequences of 
similar proteins from both mesophilic and thermophilic sources 
have been shown to be homologous, suggesting that the respec- 
tive structures are ^ Nevertheless, such homologous 
amino acid sequences also ‘include many differences which 
obscure those amino acid changes actually responsible for 
differences in thermostability. We report here the structure of a 
temperature sensitive (ts) mutant of T4 phage lysozyme. This 
permits the first direct comparison of two protein structures in 
which all differences are directly related to a change in thermal 
stability. It is shown that, except for the replacement of a 
partially exposed arginine by a histidine, the three-dimensional 
structure of the ts lysozyme is Virtually identical with that of 
native lysozyme. 

Bacteriophage T4 lysozyme, an endoacetylmuramidase, is 
produced late in the infection of Escherichia coli by T4 
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bacteriophage. It cleaves the bacterial cell wall, allowing the 
release of the progeny phage particles. The amino acid 
sequence of the lysozyme has been determined®, crystals suit- 
able for detailed X-ray study have been obtained, the three- 
dimensional structure determined”? to a resolution of 2. 4А, 
and а thermodynamic analysis of the folding of the enzyme is 
underway (ref. 9 and unpublished results). 

Since Streisinger developed a technique for identifying and 
isolating phage particles with mutations in the lysozyme депе! 
many different mutations in the lysozyme gene have been 
identified, the resultant changes in the amino acid sequence of 
the protein determined, and the properties of these mutant 
lysozymes discussed in the light of the three-dimensional struc- 
ture of the wild-type enzyme"! 





Fig. 1 The melting temperature (Тш) of wild-type (О) and 
temperature-sensitive (8) lysozymes as a function of pH. Dena- 


the analygs used to calculate Т. are given 
conditions were as one 0.2M NaCl, 107* M dithiothreitol, 


-107? M lysozyme. 


Lysozyme mutant strains wêre generated by use of 2-amino- 
purine, which induces single base pair substitutions. Tempera- 
ture-sensitive mutants were selected applying the recognition 
method for ‘lysozyme gene mutations’. Plaques of wild-type 
phage on plates incubated at 37 °C become surrounded by large 
haloes after exposing the plate to chloroform vapour. The haloes 
result from phage lysozyme diffusing from the plaque into the 
surrounding area and lysing the chloroform-treated bacteria. 
Halo size is a direct measure of the stability of the lysozyme. For 
ts mutants, the halo size decreases with increasing temperature 
on plates incubated at 30, 37 and 41?C whereas wild-type 
plaque haloes stay large. By testing the ability of the mutant 
phage to recombine with a number of precisely mapped deletion 
mutants in the lysozyme gene, the locus of the amino acid change 
was determined to lie between residues 65 and 105. 

- The ts mutant lysozyme was purified according to the standard 
procedure for wild-type lysozyme”, and was found to have а 
melting temperature about 14? lower than that of the native 
enzyme (Fig. 1). Crystals isomorphous with the native enzyme 
were obtained by the standard procedure’. The largest cell 
dimension change, in c, was 0.4 À. We therefore were 
able to analyse the mutant by the standard difference Fourier 
technique (for example зёе ref. 13). A date set to 2.4 A resolu- 
tion was collected and a difference electron density map cal- 
culated between the native and the mutant lysozyme. Full details 
of the structure determination will be published elsewhere. 

The difference density map is essentially featureless except at 
the location of the side chan of Arg 96, where a strong negative 
feature is seen at the site of the guanidinium group, and a 
positive peak overlaps the positions of С” and C* (Fig. 2). 
Clearly, Arg 96in wild- -type lysozyme has been replaced in the ts 
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mutant by. an amino acids with a mediuin-size ‘side ‘chain. The 
location of the substitution is consistent with that determined 
genetically. ‘Determinati n of the amino acid: composition of the 
mutant. lysozyme, ` revealed ‘that there ^ were two histidines, 
compared with. one ід the. wild- “enzyme, indicating thát 
Arg96 has been replaced by a histidine., Furthermore; the 
electron density map. (Fig.. э) оош na that the ts 
lysozyme, has a ex Position 96., 
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"ug ‘Potton ia fhe’ ibd showing the diftetvnes in electron 


: “densify between native’ lysozyme and: the temperature-' 
~ sensitive mutant lysazyme with Arg 96replaced Буа histidine. The- . 
. section shown, r= 11/132, approximately intersects the side chain, ; 
f Arg.96. Contours are drawn,at arbitrary equal intervals, with , 
„positive, contours solid and, negative broken. In the superimposed . 
D Кичен ы atoms are represented by open cirdjes ' 
_ and nitrogen by Half solid civéles. . | 


ate 
m 


icu ors DNE UNE UR tos ‘sted a! 


, In the native enzyme, thé tide chain of Arg 36 is well ofered, 
and lies ori the protéir surface between the тїй ‘of Tyr 88 and 
the main chain and, C^ ‘of Leu 91 (Fig. 3). THe hydrocarbon 
portion of the е, side saa ar contribirss: ‘to the maj or 


tivity. "The imidazole ring ot 96. lies ides to the’ ae of 
Тут.88, and appears to ‘donate à hydrogen bond to the carbonyl 
oxygen of the same residue (Fig. 3), possibly destabilising the 
a-helix 82-90. ud кшш: Of these interactions will take 


27, Which appears clearcut, i is that’ ‘the 
"due ешш structure of the, ts eyed is virtually. iden- 
tical. with that of native ‘lysozyme, except for th lacemént of 
a partially exposed arginine эу a histidine. Exclu fig residue 96, 


there is no evidence for structural changes larger thah a few. 


“tenths of ай angstrom, This finding i is consistent with Our earlier 
suggestion? *, based on the. structure | of the thermostable pro- 
tease thermolysin, that differences in the thermostability of 
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Fig. 3 Schematic drawing of the backbone of bacteriophage T4 
lysozyme’ showing the location of His 96. in the temperature- 
=- " sensitive mutant. аи 2 


t 


ШЕУ аге, fi general, due to subtle TE in bydrophobié 
interactions; hydrogem bonds, and so оп, and not to'a single 
detetminant such as metal binding ‘or changes in, secondary 
structure. In agreement with Perutz", ‘ошбу shows ‘that 
extra energy of thermal tion can be provided without 
disturbance of the tertiary structure of the protein, although we 
do not see any change in the number of salt bridges in the mutant 
lysozyme. Also, our results confirm’ general thermodynainic 
‘arguments which suggest that the net free energy of stabilisation 
of proteins is small, and derives from a delicate balance between 
large stabilising forces, principally due to hydrophobic inter- 
actions, and large destabilising ones, principally due to chain 
entropy'*}*.: За yt 

In addition. to the mutant “described here, three she 
temperaturé sensitive mutant lysozymes, with amino ‘acid 
substitutions in other parts of the molecule, have been crystal- 
lised isomorphously-with the wild-type enzyme. Clearly, these 
mutant 'lysozymes also have structures similar to that of the 
native érizyme. We hope that structural comparisons of these 
and other modified es will eventually provide a detailed 
accounting of the contributions of individual amino: acid resi- 
chies tò the stability of a protein. Related studies of mutant 
lysozymes ` with modified activity should help A the 
mechanism of action of the enzyme. t M 
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Effect of a local anaesthetic 
on hydrocarbon 
chain order in membranes 


THE mode of action of anaesthetics has provoked considerable 
interest and speculation'?. For tetrodotoxin’, it is clear that 
direct interaction of the anaesthetic with the sodium channel 
blocks nerve conduction; in other cases changes in lipid bilayer 
structure, such as membrane expansion’, fluidus expansion! or 
surface-charge modulation', have been invoked. Recently, a 
mechanism involving an increase in lipid bilayer thickness has 
been suggested from results obtained using black film tech- 
niques’. We have investigated the hydrocarbon chain length of 
a lecithin bilayer in the presence and absence of the anaesthetic 
benzyl alcohol*? using high-field deuterium nuclear magnetic 
resonance (NMR) spectroscopy of specifically deuterated 
lipids!?*'5, to determine the changes in bilayer structure that 
occur on addition of the anaesthetic alcohol. We report here that 
at concentrations used for local anaesthesia there is no change in 
membrane thickness. By comparison, cholesterol (at 0.3 mol 
fraction) causes.an ~0.46 nm increase їп membrane thickness. 
We therefore suggest that the amount of solvent (tetradecane) in 
black lipid membranes, and hence their thickness, may be 
influenced by the presence of benzyl! alcohol-and cholesterol". 

Figure 1a shows the effect of benzyl alcohol on the deuterium 
quadrupole splitting of a dimyristoyl lecithin labelled as ^H; in 
the sixth position of the 2-chain. As the concentration of benzyl 
alcohol increases, the quadrupole splitting.and therefore the 
order parameter of the labelled methylene segment"? decreases. 
This suggests a decrease in order of the 2-chain; cholesterol 
causes an increase!? 1/56, Determination of the change іп 
order parameter at each segment in the hydrocarbon chain 
permits evaluation of the total change in hydrocarbon chain 
length!?!*7, We determined the quadrupole splittings, and the 
order parameters, for a range of dimyristoylphosphatidyl- 
cholines labelled (as C?H, or C?H;) at one of positions C-2, C-3, 
C-4; C-6,.C-8, C-10,. C-12, or C-14, in the 2-chain, at a total 
lipid-anaesthetic mol ratio of 1:3. In Fig. 1b representative 
spectra illustrate the effect of benzyl alcohol on the deuterium 
quadrupole. splittings of a series of ^H-labelled phos- 
phatidylcholines, and Fig. 1c shows the effects produced by 
benzyl alcohol and cholesterol on these splittings. Benzyl alco- 
hol and cholesterol have opposite effects on the order of the 
phosphatidylcholine acy! chains. Benzyl alcohol (above the 
gel-liquid crystal phase transition temperature of the phos- 
, ;pholipid) causes a decrease in hydrocarbon chain quadrupole 
‘splitting or order parameter; cholesterol (above the gel-liquid 
crystal phase transition temperature of the phospholipid) causes 
an increase in hydrocarbon chain quadrupole splitting, or order 
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parameters. Qualitatively, therefore, benzyl alcohol decreases 
and cholesterol increases hydrocarbon chain order. 

At anaesthetic concentration, however, there is no effect of 
benzyl alcohol on membrane thickness. Local anaesthetic 
concentrations of benzyl alcohol are 4 mM for rat phrenic nerve 
and 12 mM for frog sciatic nerve”. At 40°C the partition coeffi- 
cient of benzyl alcohol between multi-bilayers of dimyristoyl 
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һә 
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Quadrupole splitting (kHz) 





Carbon position labelled 


Fig.1 Effects of benzyl alcohol, and of cholesterol, on deuterium 
NMR quadrupole splittings of specifically ?H.labelled dimyris- 
toylphosphatidylcholines. a, Graph of the quadrupole splitting of 
2-(6', 6'-d;)dimyristoylphosphatidylcholine (10 mg) dispersed in 
excess deuterium-depleted water (250 yl) containing benzyl alco- 
hol at 38° C, asa function of the benzyl alcohoE-lipid mol ratio. The 
pure lipid quadrupole splitting value is 26.2:50.5 КНЕ, b, 
Representative deuterium Fourier transform NMR spectra of 
dimyristoylphosphatidylcholines, labelled in the 2-chain as CH, 
at the positions indicated. The samples contaired a benzyl alcohol- 
lipid mol ratio of 3:1; spectra were recorded zt 38 "C, c, Graph of 
quadrupole splittings of specifically deuterated dimyristoyl- 
phosphatidylcholines as a function of position labelled in the 
hydrocarbon chain, in the presence and absence of benzyl alcohol 
(3:1 benzyl alcohol-lipid mol ratio) or cholesterol (30 mol % 
cholesterol). Pure lipid and lipid-benzyl alcoho! data obtained at 
38°C, lipid-cholesterol data obtained at 30°C. Deuterium NMR 
spectra were obtained using the Fourier transform method at 5.2T 
(corresponding to a deuterium resonance frequency of 34 MHz) on 
a homebuilt instrument". The synthesis of, dimyristoyl- 
phosphatidylcholines specifically deuterated in the 2-chain are 
described elsewhere !?. Benzyl alcohol was acded aš an aqueous 
solution to dry phospholipid and the mixtures homogenised at 
about 40°C. A, Dimyristoylphosphatidylcholaie alone; ©, in the 
presence of cholesterol; @, in the presence ef benzyl alcohol. 
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lecithin and water is 13.9 according to Katz and Diamond”. 
At local anaesthetic levels, the benzyl alcohol-dimyristoyl leci- 
thin mol ratio is 0.04—0.11. As may be seen from Fig. 1a there is 
no. decrease in the electric quadrupole splitting from the pure 
lipid value of 26.2+0.5 kHz in this range of benzyl alcohol 
concentration, a result consistent with spin-label studies’, 
although on a different timescale and without the possible 
complications of a perturbing probe effect. 

At higher benzyl alcohol-dimyristoyl lecithin mol ratios there 
is a decrease in quadrupole splitting (or order parameter) with 
increasing concentration of benzyl alcohol, which agrees with 
spin-label studies? (Fig. 1). From these results it is relatively 
straightforward to determine quantitatively the projections of 
each C-C segment onto the bilayer normali!^!*", and so 
determine the effective length of the hydrocarbon chain, or the 
total membrane thickness 5/7179, Calculated chain lengths are 
rather insensitive to chain tilt. For example, for pure dimyris- 
toylphosphatidylcholine at 60 °C, the distance from C-2 to C-14 
is 10.2(6) A assuming no chain tilt, or 10.5(2) A assuming a 
gaussian distribution of chain orientations with' a probable tilt 
angle of 25° (refs 10, 17). Similar average chain lengths are 
obtained using flat or lorentzian distribution functions (E.O. and 
R. Jacobs, unpublished). Consequently, we obtain from the 
NMR data a model-insensitive value for the average chain 
length, or membrane thickness. These lengths are in excellent 
agreement with those determined using high-resolution neutron 
diffraction (D. Worcester, M. Meadows, D. Rice and E.O., 
unpublished). For example, 23 °C lecithin-cholesterol data give 
a tota] hydrocarbon region thickness of about 30-31 A, and 
neutron diffraction measurements’? indicate a thickness of 
about 33 A (Table Ш of ref. 10). From the data in Fig. 1b and c 
we can calculate the thickness of the dimyristoylphosphatidyl- 
choline membrane at 38? C and obtain values of about 2.5(0) nm 
for the hydrocarbon region thickness in the absence of benzyl 
alcohol and about 2.3(6) nm in the presence of benzyl alcohol. 
The fluidisation of the bilayer caused by benzyl alcohol*? 
decreases the membrane thickness. Cholesterol (30 mol%) 
causes an increase in hydrocarbon chain order, corresponding to 
about a 0.46-nm increase in membrane thickness at 23 °C (ref. 
10). 

Previous workers** have found, using black lipid membrane 
capacitance and conductance measurements, a 1.2-nm increase 
in membrane thickness in the presence of benzyl alcohol, and a 
decrease in hydrocarbon region thickness іп the. presence of 
cholesterol. Although the fatty acid composition of the lecithin 
used in the black lipid membrane studies differed slightly from 
ours, neutron beam and X-ray diffraction measurements on the 
egg-lecithin-cholesterol system indicate no significant decrease 
in membrane thickness on addition of cholesterol?" 7. 
Similarly, other 7H NMR and electron spin resonance spin-label 
studies of egg lecithin and egg-lecithin—cholesterol, systems 
indicate an, ordering of the hydrocarbon chains by 
cholesterol 22425, which must correspond to an increase in 
projected chain length. In the absence of hydrocarbon solvents, 
such as tetradecane, an increase in projected chain length 
must correspond to an increase in membrane thickness, 
as neutron and X-ray data rule out 20:2 fim-chain interdigita- 
tion. | 

We therefore suggest that the previous black lipid film 
results? may be attributable to the inclusion of variable 
concentrations of solvent tetradecane in the lipid membrane, the 
exact amount being a function of the amount of cholesterol or 
benzyl alcohol present. · 

Deuterium nuclear magnetic resonance results suggest: that 
the direct effect of benzyl alcohol on membrane bilayer thick- 
ness is negligible at the anaesthetic levels commonly used in 
clinical studies. At much higher levels (corresponding to an 
~30-80-fold overload) there are small (»0.1 nm) decreases in 
membrane thickness which are consistent with recent X-ray and 
neutron-beam studies of the effects of gaseous general anaes- 
thetics on lipid bilayer thickness”. Taken together, our results 
cast considerable doubt on the importance of membrane thick- 
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ness changes as a factor in the mechanism of action of many 
anaesthetics. 

We thank Mr Michael Meadows for carrying out preliminary 
experiments, and an anonymous referee for valuable comments. 
This work was supported by the USNSF, the USNIH the 
American Heart Association, the IIlinois Heart Association and 
the Alfred P. Sloan Конан. E. O. is an Alfred P. Sloan 
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X-ray diffraction patterns from : 
molecular arrangements 
with 38-nm periodicities 
around muscle thin filaments . 


A SERIES of meridional and near-meridional reflections have. 
been observed in X-ray diffraction patterns (ref. 1 and Fig. 1a) 
from the crab Plagusia leg muscle in the living, resting state, and 
have been attributed to troponin molecules which lie in pairs on 
thin filaments at 38-nm intervals. In the pattern (ref. 1 and Fig. 
15) obtained from the same muscle in rigor, the corresponding 
series of reflections was observed to have stronger intensities 
and higher order reflections. The reflections were interpreted as 
arising from both troponin and the cross-bridges. Electron 
micrograph’ showed that cross-bridges occurred in symmetrical 
pairs around the thin filaments with a repeating distance of 
38 nm in. which one or a few closely spaced pairs. may be 
included. Recently, reflections indexed as orders of 76 nm in 
X-ray diffraction patterns from insect flight muscle in rigor? arid 
those from scallop striated muscle in rigor* have. algo Бееп 
interpreted in terms of the cross-bridges attached in pairs to thin 
filaments with a repeating distance of 38 nm. We report here a 
method that enables us to analyse diffractions generated by 
molecular arrangements of this type. These arrangements are 
described by a set of identical helices, and the systematic modu- 
Jation of intensities; indexed as orders of 76 nm, is interpreted in 
terms of displacement between these helices. 
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The Wellcome Trustees seek to encourage research in areas which they have identified as requiring special 
attention, by considering applications, on a competitive basis, for substantial research programmes over a 
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Applicants should send a two-page summary of thelr research proposals, quoting the appropnate reference, 
and should also indicate how they would allocate the funds requested Following. consideration of these 
summaries selected applicants will be invited to subrnit detailed proposals ` i 

The closing date for summary proposais Is 16th March 1979 and they should be sent to 

The Wellcome Trust, 1 Park Square West, London NW1 4LJ. Tel: 01-486 4902. 








Ciroie No. 16 on Reader Enquiry Card. 


Nature Vol. 277 22 February 1979 


a b 
c.b. 

+ 

AM TN тм 
‚r + 


eee soto s a seas soe 


ase osor 











| 


Fig. 1 Schematic’ representation of X-ray diffraction patterns! from crab 
Plagusia leg müscle in the living resting muscle (a), and in rigor (Б). In 
addition to actin layer lines (marked by A) and meridional reflections 
(marked by M) attributed to myosin projections on the surface of the thick 
filaments, there is a series of meridional and near-meridional reflections 
(including intensities observed at «0.07 nii! on some of the actin layer 
lines) which were indexed as orders of 2x38 nm. In a, the reflections 
(marked by TN) were seen up to the 9th order, whereas in b those (marked 
‘by c.b. + TN) were observed up to the 24th. Thick solid lines, solid lines and 
dotted lines represent intensities observed even on the third film, up to the 
second one and on only the first film of each set, respectively. Ваг, 0.1 nm ^ 


The thin filaments consist of actin, tropomyosin and troponin 
in a molar ratio of 7:1:1. The actin helix has a symmetry of 
28/13 (28 molecules are included in 13 turns of the short-pitch 
helix) in the crab leg muscle in rigor. If we assume that these 
protein molecules interact with each other at specific sites, then 
the arrangement of troponin can be described by two identical 
2/1 helices as shown in Fig. 2a. Axial displacement (Az) and 
azimuthal rotation (Аф) between two molecules in pairs are 
specified by & multiple of those values between adjacent t two- 
actin subunits along the 28/13 actin helix, where k is an odd 
integer. Ohtsuki^* proposed a plausible model with k = 1, which 
remains to be proved. | 

Uniformly spaced layer lines, indexed as orders of 76 nm, are 
predicted from the single 2/1 helix as shown in Fig. 3a. Every 
even (odd) order Bessel function contributes to every even (odd) 
order layer line. The addition of another 2/1 helix results in a 
systematic intensity modulation which depends оп К. As there is 
no trace of lattice sampling on the layer lines in the actual resting 
and rigor patterns from the crab leg muscle, we propose that the 
cylindrically averaged intensity’ on each layer line can be writ- 
ten as 


(F(R)F*(R) =E Л, (2тЁг)|ат|? (1a) 


a? =Y exp i{—nd; + 2alz,/c} (1b) 
í 


where J, is the nth order Bessel function, a? the modulation 
term, and г, ф, and z; radial, azimuthal and axial coordinates of a 
molecule on the jth helix. In equation (1a), the effect of shape 
and size of a subunit on the intensity is not included. The 
summation in equation (la) is taken over n, satisfying 
the selection rule* of /=n+2m, where m is an integer. 
As Aó-(1-1l/l4)rk and Az-c/28xk, then |а? = 
4с08{7к/28 x (1+ п)} for | = even and 4sin"(mk/28 x (1+ n) for 
|: odd. If k = 1 is assumed, even order Bessel terms would be 
dominant around the equator and / = 28, and odd orders would 
be dominant around 7 = 13 and 15 as shown in Fig. Зс, because 
modulation terms for meridional Jo reflections (near-meridional 
J, +J, reflections), for example, gradually vary with even (odd) 
values of /. If k =3 is assumed, modulation terms vary three 
times faster with / (Fig. За). 

In the actual resting pattern from the crab leg muscle (ref. 1 
and Fig. 1a), (1) reflections are observed at every order from 
2nd to 9th, except at 5th, (2) even order reflections have 
intensity maxima on the meridian whereas odd orders have not. 


: of a meridional reflection at /=4 and near-meridi 
1-9 are hardly explained by k=3. k=5 a 


These features are well explained only when & = 1. Th 






excluded. The near meridional reflection at / = 5 
inthe strong reflection at 14.4 nm (assignec to thick fil 
the muscle in the resting state, the actin helix sy 
slightly different from 28/13, and accordingly, the troponin 








Fig.2 a, The radial projection of the thin filament in Ohtsuki's model. A 
troponin molecule (closed circle) is attached to a specific site on a tropomy- 
osin molecule (rectangular) which interacts specifically with seven actin 
subunits (open circles) arranged in a helix with the symmetry of 28/13 and 
the repeating distance of сд. The arrangement ef troponin molecules 
consists of two identical 2/1 helices, A and B, with the repeating distance of 
сүм = Cac. Axial displacement (Az) and azimuthal notation (Аф) between 
^two helices are specified by k multiplesof those values between adjacent two 
actin subunits along the 28/13 actin helix, where k ds-an odd integer. 
Ohtsuki's model assumed К = 1. In thecrab leg muscle? „the symmetry of the 
actin helix is 28/13 in rigor, but in the living resting state it is between 26/12 
(= 13/6) and 28/13. This means that the troponin helix differs slightly from 
2/1 in the resting muscle. The solid frames representone repeating unit of 
the structure. The shape of each molecule and the precise relationship 
between them are not shown. b, The radial projection af twopossible models 
for the cross-bridge arrangement around the thin filament in crag leg muscle 
in rigor. When a pair of cross-bridges (L = 1) occurs symmetrically around 
the thin filament at intervals of 38 nm, four lattice points (closed circles) out 
of 28, labelled from 0 to 27 along the genetic helix, are occupied. by 
cross-bridges. This arrangement is the same as the troponin arrangement 
shownin a(k = 1). When two pairs {L = 2) of cross-bridges occur at positions 
adjacent to each other, four more sites (open circles} are occupied. In the 
latter case, the arrangement can be described by four identical 2/1 helices, 
each helix includes molecules labelled 0 and 14, Zand 16, and so on. 


helix is deformed slightly from 2/1. This difference is too small 
to affect the diffraction patterns’. We conclude that the troponin 
arrangement in Ohtsuki's model is valid for the thin filaments of 
the crab leg muscle, illustrating an application of this method in 
which intensity modulation is interpreted in terms of helical 
arrangement of molecules about the thin filament axis. 

If we assume that the head portions of myosin molecules are 
specifically attached to actin subunits, the surface lattice of 
cross-bridges around thin filaments in rigor (510.22) is the same 
as that of troponin molecules with k — 1, namely, cross-bridges 
Occur in pairs at intervals of 38 nm. When another pair comes to 
the next position and both pairs are included at every 38-nm 
interval (Fig. 25), the surface lattice can be described with four 
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identical 2/1 helices. When the number of pairs is increased to 
L, modulation terms, for example, for meridional J, reflections 
calculated by equation (1) are given as 


lap??? = sin"(Lel/28)/sin'(z1/28) (2) 


which is an example of Laue function (Fig. 3e). Note that the 
more cross-bridges there are, the smaller the number of 
reflections on which intensities become concentrated. In the 
&ctual pattern from the crab leg muscle in rigor (ref. 1 and Fig. 
16), (1) meridional and near-meridional reflections were 
observed at orders from 2nd to 24th, of 76 nm; (2) meridional 
reflections at /= 12, 14 and 16 are absent, apparently due to a 
selection rule (if the form factor is diminished there, we cannot 
explain the fact that near-meridional components at / = 13 and 
15 are observed in the actual pattern); (3) even order reflections 
have intensity maxima on the meridian, whereas odd order 
reflections have not. These features can be explained both by the 
model with 1 =1 and by that with L —2. In the diffraction 
pattern predicted from the L = 2 model, a few reflections (espe- 
cially at / = 2) would be almost four times stronger and the rest 
would be weaker than in the L= 1 model. Nevertheless, we 
cannot decide between the two without measuring intensity 
distribution. Models with L 23 predict extinction of a meri- 
dional reflection at / = 4 in disagreement with the actual pattern. 
Any other model can be excluded. As we have pointed out’, 
troponin molecules also contribute to these reflections. 
However, the result is not altered by the troponin contribution 
in this qualitative analysis of intensity modulation, as troponin 
does not make an important contribution to these intensities; 
the ratio of intensity of reflection in resting pattern to the 
corresponding one in the rigor pattern is smaller than 1/4 and 
higher order (/7 9) reflections are not observed in resting 
patterns, 

To decide between the two possible models, and to determine 
the spatial relationship between troponin and cross-bridges on 
the same thin filament and also the size and shape of each 
molecule, we must make the analysis quantitative by obtaining a 
cylindrically symmetrical Patterson function’. 

Offer and Elliott? have proposed а model for the cross-bridge 
arrangement of insect flight muscle in rigor. In this model, two 
pairs of cross-bridges are included every 38 nm, but the second 
pair is positioned next but one to the first pair (Fig. 3/). The 
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Fig.3 Models of molecular arrangement around the 
thin filament and intensity modulations of diffraction 
patterns predicted from them. Models are a, single 
2/1 helix; 5, a pair of subunits in every 38 nm. The 
arrangement can be described with two identical 
helices with Az = О and Аф = 0. c, The same as in Fig. 
2a, b (closed circles only). The arrangement can be 
described with two identical 2/1 helices with k = 1. d, 
Two identical 2/1 helices with k = 3. e, The same as in 
Fig. 26 (closed circles plus open circles). f, Offer and 
Elliott model? for the arrangement of cross-bridges 
in insect flight muscle in rigor. In every 38 nm two 
pairs are attached to positions next but one to each 
other. In each set, the left is a model, Closed circles 
represent troponin and cross-bridges. The right of a 
and 5, and the middle of c-f show optical diffraction 
patterns obtained from these models. To make higher 
order layer lines visible, the size of the circles in every 
model is chosen as that in e. The meridian is indicated 
by an arrow in each pattern. On the right in c-f, 
relative intensity maxima (/,) of Jọ and Ji4J., 
contributions are plotted against / These are cal- 
culated by equation (1), and the contribution of the 
form factor is neglected. In reality, unity in intensity in 
e and f is stronger by a factor of 4 than that in c and d. 
The necessary exposure time for the optical diffraction 
pattern in a is then 4 times as long as those in 6, c and 
d, and 16 times as long as those in e and f. Note that if 
two molecules in pairs are axially aligned as in 5, no 
odd order reflections can be observed. All the models 
are based on the actin helix of 28/13. Although the 
actin helix is slightly different in the crab leg muscle in 
the resting state, nevertheless, the difference is so 
small that the diffraction patterns are not affected". 


intensities predicted by the model, again based on intensity 
modulation calculated by equation (1), seem to be consistent 
with the recorded X-ray diffraction pattern''. In this muscle, the 
thin filaments are themselves arranged in a helical manner about 
the thick filament!^??, The absence of meridional reflections at 
1-2 and 4 may be explained by the large helix. Lack of 
reflection at /=3 might support the model, although other 
possibilities cannot be excluded. The disappearance of several 
near-meridional components of the diffraction pattern from the 
muscle after immersion in S-1 solution? could well be explained 
by the occurrence of more cross-bridges on the surface lattice 
with a symmetry of 28/13. 

Vibert et al.* have recorded a series of reflections from scallop 
striated muscle in rigor which are thought to be similar to those 
from crab leg muscle in rigor. They observed an increase in 
intensities of near-meridional components at 38nm and at 
19 nm, after removal of the regulatory light chains. We might 
explain these observations by a rearrangement of the cross- 
bridges: from the arrangement with L = 1, for example, to that 
with L =2. If this hypothesis is true, the intensities of some 
reflections would be decreased simultaneously. 

I thank Professor F. Oosawa and Dr N. Sakabe for helpful 
comments on earlier drafts of this paper. 
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Nature of chemical elements ` 


The Transcendental Part of Chemistry. 
By: D. Knight Pp. 289 (Dawson: 
Folkestone, UK, 1978.) £12. 


CHEMISTRY, with all,.its associations 
with praxis, industry and sombre men 
in white coats, has ог. at least has had 
a ‘transcendental’ part as fascinating 
as that of any branch of physics. Yet 
-the standard texts on the history of 
chemistry have all too often portrayed 
the development; of their subject as an 
accumulation of.. experiments which 
lead directly to improvements in theory. 
By contrast. this revisionist account, 
like some others of the genre, attempts 
to show both the, subtle | interplay 
between theory and experiment and the 
influence of metaphysical assumptions 
on both of these. Хп :ѕо doing, Dr Knight 
.and other recent historians of chemistry 
have uncovered some of the diverse 
inteHectual roots of nineteenth-century 
chemistry. ' 

This book concentrates on the 
theories of. matter articulated by 
‘chemists and, in particular, their’ views 
‘about the nature of chemical elements. 
Two recurrent positions are identified: 
‘while Some considered that the pro- 
fusion of chemical substances were 
‘reducible to a very small number of 
‘fundamental types of particle— possibly 
even a single kind—though capable of 
many different arrangements, "others 
adoptéd the view: that each element was 
'distinct and that. it was thé chemist’s 
büsiness to asceríain these, their pro- 
.perties and interactions. The relation- 
ship of these assumptions to practical 
chemistry is most'clearly seen.in the 
bitter dispute over the value of Prout's 
hypothesis. ‘As „Berzelius and others 
argued, experimental.data refuted the 
hypothesis and thus seemed strongly to 
favour the latter position. However, the 
proponents of the former doctrine did 
not abandon. the fleld but over a period 
of time made a strong. comeback. The 
present book ends with Crooke's dis- 
covery of primary ‘radiant matter’ and, 
from the opposing party, Mendeleev's 
classification of the elements., 
‘Much of the explicit history of 
chemistry discussed by Dr Knight is 
familiar terrain However, his'inter- 
pretation of these events takes us far 
beyond the conventional: bounds of 
chemistry: Matter theory is one of 
those areás influenced both by scientific 
and extra-scientiflc issues, and has thus 


reviews 
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— G. N. Cantor 


nen 





provided a-particularly interesting topic 
for historical analysis. For--example, 
chemists:,of the early nineteenth 
century were able to draw опса stock 
of earlier theories such as those of 
Newton and his elaborators. Moreover, 
contemporary developments in many 
branches of science—such as electro- 
chemistry, optics and heat theory— 
depended on and thereby affirmed 
certain current theories of matter. 
Finally, Dr Knight discusses ‘the in- 
fluences of theological, philosophical 
and other conceptual-issues, citing 
evidence that some chemists conceived 
their matter theories. as -a` bulwark 
against materialism and thus atheism. 

The wide scope of this subject is.both 
the book's strength and its weakness. 
The reader may at times lose the thread 
of the argument in moving. rapidly from 
one topic to another and .from the late 








Solid-state theory à 


eighteenth to the late nineteenth 
centuries. In very few cases do the 
specific relationships between meta- 
physics and practice emerge with the 
clarity which these complex issues 
deserve. Moreover, the philosophical 
underpinnings of matter theory—such 
as the definitions of ‘matter’, ‘mech- 
anism’ and the role of analogy—deserve 
sustained analysis. , 

Despite “these shortcomings Dr 
Knight has written & stimulating and 
enjoyable book which reflects the 
awareness among many historians that 
science has been influenced by extra- 
scientific factors and that a complex 
ahd intriguing relationship exists 
between metaphysical beliefs, scientific 
theory and- experiment. C] 


G N. Caníor is Lecturer in History and 
Philosophy of ‘Science at the University 
of Leeds, UK. 
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Introduction to Solid State Theory. 
By,O. Madelung. Pp. 486: (Springer: 
Berlin, Heidelberg and New, York, 
1978 ) DM59; $29 50. 





lg гч T = m 
OnE might argue that solid-state physics 
is close to, the point ,where the various 
parts are becoming so. disparate and 
highly developed that there is no place 
for a relatively short (486 pages) gradu- 
ate level accuont Professor Madelung' 8 
book on solid-state theory is intended 
for .graduate students and research 
workers whose interests are primarily 
experimental, and provides a coverage 
of the main current .theoretical ideas 
without using the formalism of modern 
many-body theory. He has produced a 
book which is small ‘and coherent 
enough to be read in conjunction with 
a graduate course 

. The problem of writing” a book of 
this sort is in the danger of either in- 
cluding discussions of a. very . "wide 
range of subjects all of which are too 
brief to be useful; or concentrating on 
some aspects, and so giving ап un- 
balanced account of the, subject dg a 
whole. The situation is complicated by 


the fact that there does not seem’ ti” “be 


a consensus of opinion of whàf every 
solid-state experimenter should ‘know. 
There are many obvious candidates 
such as, pseudo-potential theory, ex- 


— 





citons, polarons, BCS theory of super- 
conductivity, Boltzmann transport 
equation, the Hubbard Model, and so 
on. But equally there are many more 
subjects which may.or may not deserve 
more than.a passing mention; I would 
list here the Kondo effect, diffusion in 
ionic lattices, electron-hole recombina- 
tion processes at imperfections, Ander- 
son .localisation (which Professor 
Madelung does include) and ferro- 
electricity and structural phase tran- 
sitions, spin glasses, charge density 
waves, the Friedel sum rule and vitual 
bound states in metallic systems (which 
he does not). Everyone has his own 
list! 

Pressing on with this argument one 
should ask: Is it a useful thing to try 
to do? Do we believe that an experi- 
mentalist concerned, say, with light 
scattering from magnetic insulators 
ought to know more than is present in 
the standard undergraduate textbooks 
on all, or any, of the topics I have men- 
tioned?” Also, how far is it useful to 
separate - the theory of the behaviour of 
an isolated solid from the theory of the 
solid responding to some probe and if 
not which experiments should’ be in- 
cluded? | 
. Professor Madelung believes that 
there are underlying themes in theore- 


_tical solid-state physics, and that this 
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means that a study of one part of the 
subject is enriched by a knowledge of 
the rest. The primary theme that he has 
chosen is that of elementary excitations 
with a secondary theme of the dual 
descriptions of extended and localised 
states; and this has particular relevance 
to imperfect systems. The effects of 
uniform electric and magnetic fields 
have been included and most of the ex- 
periments which are discussed involve 
either absorption of light or simple 
transport properties. 

The book uses the compact notation 
of second quantisation but calculations 
are performed using time-independent 
perturbation theory. This has the 
advantage that the new physical ideas 
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Handbook of  Psychopharmacology 
Edited by L. L. Iversen, S. D. Iversen 
and S. H. Snyder. Vol. 7: Principles of 
Behavioral Pharmacology. Pp. 453. 
$41.40 Vol 8: .Drugs, Neurotrans- 
mitters, and Behavior. Pp 590. $47.40. 
Vol. 9: Chemical Pathways in the 
Brain. Pp. 410. $35.40. (Plenum : New 
York and London, 1978.) 





With these three volumes the Iversen- 
Snyder Handbook moves from the 
field of basic neuropharmacology into 
behavioural pharmacology. A total of 
30 chapters contributed by 47 
authors encompasses a range of 
subjects from the analysis of operant 
schedules (Dews and de Weese) to the 
localisation of gabaminergic neurones 
(Fonnum апа |Storm-Mathisen). The 
contributions are of a high standard 
and many are highly readable, but it 
is inevitable in an undertaking of this 
size that their relationship one to 
another is often uncertain Thus, each 
author attempts to: produce a major 
review of his topic; but is bound to 
cover material which is also included 
elsewhere either in these or earlier 
volumes. Handbooks (and Handbücher) 
have always suffered from this problem, 
but of the genre the Iversen-Snyder 
production has much to commend it. 
In few other places can one find so 
much information relevant to the 
discipline. ` : 
Psychopharmacology is nothing if 
not cross-disciplinary. This should be 
most evident where two well established 
disciplines—for example, Psychology 
and Pharmacology—meet, as they do 
in volume 7 (Principles of Behavioral 
Pharmacology). It is interesting to see 
the extent to which one field has 
influenced the other In some cases 
the impact seems to have been small 
In the Dews and De Weese review 
referred to above drugs appear as 


are not obscured by unfamiliar for- 
malism. There is a useful list of prob- 
lems and topics for discussion to help 
the student assimilate the material. A 
further strength of the book is its excel- 
lent bibliography which includes a 
large number of review articles as well 
as books and original papers. ‘ 
I find myself convinced that there is 
a place for a book of this length at 
this level and would recommend 
Professor ‘Madelung’s book, particu- 
larly to new graduate students. 
Gilllan Gehring 


G. A. Gehring is the Physics Tutor at 
St Hugh's College, and a Lecturer in the 
Department of Theoretical Physics at the 
University of Oxford, UK. 


another environmental variable to be 
accommodated by the same Skinnerian 
framework that describes other aspects 
of behaviour. The fact that such agents 
may be acting upon specific chemical 
mechanisms within the brain, and that 
these mechanisms may be regulating 
specific aspects of behaviour, 15 
regarded as irrelevant-to the descrip- 
tion of drug action. The purely induc- 
tive approach seems, in this case, to 
act as a defence against asking some 
obvious, if difficult, questions. From a 
different psychological viewpoint Milner 
demonstrates a similar insularity. In 
giving a useful introductory survey to 
theories of motivation and learning 
which would be at home in a textbook 
of psychology, followed by some 
neural models, Milner implies that all 
this may be relevant to recent work on 
the physiology of central monoamine 
systems. Yet when it comes to making 
specific predictions from his own 
theory, or assessing the progress of 
other theories of the functions of 
monoamine- neurones, Milner is reti- 
cent. It is at this point that the disci- 
pline of psychopharmacology (if there 
is one) gets interesting. 

By contrast the work reviewed by 
Marshall and (Teitelbaum (Neuro- 
psychology of Motivated Behaviours) 
reveals the contribution which a 
rigorous application of the techniques 
of neuropsychology to preparations 
derived from advances in neuro- 
pharmacology (6-hydroxy-dopamine 
induced lesions. of dopamine neurones) 
can make to our understanding of the 
mechanisms of behaviour. The theo- 
retical implications of this work are 
considerable, though not developed at 
length by these authors, and give sup- 
port to the view that neuroscience is 
in some respects leaving psychology 
behind, Other chapters in this volume 
cover major technical questions (for 
example, Robbins on motor activity, 
Mackintosh and others on ethological 
contributions and methods) Kumar 
has contributed a succinct but wide- 
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ranging review of animal models of 
relevance to psychiatry, attempting to 
synthesise psychodynamic (for example, 
object loss), ethological, operant (for 
example, learned helplessness) and 
neuropharmacological, hypotheses. New 
dimensions to psychopharmacology are 
reviewed by Broadhurst (genetics) and 
Mabry and Campbell (development) 
Many issues in volume 7 re-appear 
in volume 8 (Drugs, Neurotransmitters 
and Behavior), sometimes in a more 
controversial form. Here major moti- 
vated behaviours (eating, drinking, 
sleep) or motivational constructs 
(reward, punishment, fear, frustration) 
are foci for a discussion of pharma- 
cological, behavioural and often many 
other aspects, Sometimes the relevance 
for psychopharmacology is obscure. 
For example, in a somewhat partisan 
account of the anatomy of self- 
stimulation, Routtenberg and Santos- 
Anderson make a virtue of discounting 
the neuropharmacological ‘interest of 
the reward phenomenon. То this 
reviewer it remains an interesting and 
viable hypothesis that all reward 


Applied group 
heory 


Induced Representations in Crystals 
and Molecules: Point, Space and Non- 
rigid Molecule Groups. By S. L. Alt- 
mann. Pp. 369, (Academic: London, 
New York and San Francisco, 1978.) 
£18; $32 25. Review by H. C. Longuet- 
Higgins, Nature, 274, 403 (1978). 






































Dr ALTMANN has drawn the Editor's 
attention to certain sentences in Pro- 
fessor Longuet-Higgins’ review, which 
he believes are open to criticism. 


Professor Longuet-Higgins now writes: 
First, my remark that Dr Altmann’s 
рош» are "virtually useless for classi- 
ying the rotational levels of non-ngid 
molecules" might have ben mtiscon- 
strued to imply that the book deals 
explicitly with rotational levels. This 
it does not do, nor does it claim to do 
so, although Dr Altmann does give 
reference to theoretical work which is 
relevant to the treatment of rotational 
levels. 

Secondly, the statement іп the 
review that the symmetry operations 
relevant to an overall molecular state 
must “commute with the full molecu- 
lar hamiltonian” could be taken to 
imply that the book defines symmetry 
operations to commute only with the 
Born-Oppenheimer hamiltonian; that 
is not the case. . 

Finally, my statement that “the 
book is, unfortunately, riddled with 
misprints . . . spelling mistakes ar 
could be read as suggesting that such 
errors were numerous. In fact I found 
very few. ' 

I apologise unreservedly to Dr 
Altmann for having allowed these 
matters to escape my attention 

H. C. Longuet-Higgins 
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Case Studies in Genetics 


M. A. TRIBE, I. TALLAN and М. В. ERAUT 


An introduction to genetics, in which many of the 
fundamental concepts are presented through a series of 
. .well researched case studies; prominence is given to 
human genetics. Although aimed at first year 
undergraduates, the book could.be used by able sixth 
formers with a knowledge of biology above 'O' level. It 
has been designed assuming a knowledge of cell 
division, elementary genetics and protein synthesis as 
iven in Books 3 and 9 of the Basic Biology Course. This 

k follows the self-instructional format of the others 
in the series. As well as the questions within the text, 
there is an extensive array of self-assessment questions 
at the end of the book, as well as a comprehensive 


glossary of terms. 
Basic Biology Course 12 Hard covers £9.50 net 
Limp bound £3.95 net 


An Analysis of Primary Medical Care 
W. J. STEPHEN 


This volume examines the provision of primary medical 
care in twenty-three different countries, selected 
because of their variety and importance. The underlying 
thesis of the account is that the health of any population 
depends more on the availability of good primary health 
care than on the advanced technology and 
sophistication of modern hospitals. The reasons why 
resources have been allocated in a way that does not 
reflect this view are argued fully. Note is also taken of 
the fact that medicine and politics have become 
interwoven in most countries of the world. £12.50 net 


Uniform Algebras and Jensen 
Measures 
T. W. GAMELIN 


These lecture notes are devoted to an area of current 
research interest that bridges functional analysis and 
function theory. The topics covered include the 
rudiments of Choquet theory, various classes of 
representing measures, the duality between abstract 
subharmonic functions and Jensen measures, 
applications to problems of approximation of 
plurisubharmonic functions of several complex 
variables, and Cole's theory of estimates for conjugate 
functions. Many of the results, including Cole’s theory, 
are published here for the first time. 

London Mathematical Society Lecture Note Series 
32 Limp bound £6.50 net 


Mechanical Behaviour of Ceramics 


R. W. DAVIDGE 


This book presents the scientific foundations of the 
mechanical behaviour of ceramics and demonstrates 
how these can be used in engineering situations. The 
emphasis is on principles, illustrated by a careful 
selection of experimental data. The treatment is at a 
level suitable for undergraduate and graduate students 
on materials-oriented courses and for research and 
development workers involved in engineering 
applications of ceramics. 

Cambridge Solid State Science Series £15.00 net 
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The Enzyme Game 
D. PEACOCK and M. A. TRIBE 


This book is a simulated research exercise concerned . 
with identifying the structure and mechanism of action 
of an unidentified enzyme. Its aim is to provide students 
with the opportunity of working collaboratively in small 
groups to discuss and develop a research programme. 
The game is ideally suited for teaching students 

taking courses in the biological sciences in universities; 
colleges of education, polytechnics and sixth forms in 


schools. 
Basic Biology Course Limp Bound £15.00 net 


Grassland Ecosystems of the World . 
Edited by В. T. COUPLAND 


This volume describes the structure and functioning of 
grassland ecosystems. Descriptions of tne abundance 
and biomass of plants, animals and microorganisms are 
provided, as well as an assessment of the activities of 
each functional group of organisms in relation to 
production, consumption and decomposition. Static 
models of energy flow and nutrient cycling are included, 
and the effects on the ecosystem of the management of 
grazing land and cropland are also considered. This 
book is a companion to the forthcoming BP 19, 
Grasslands, Systems Analysis and Man, each 
representing an independent approach to the problems 
of studying grasslands. 

international Biological Programme 18 Е25.00 net 
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Mechanisms of Drug Action on the 
Nervous System | 


R. W. RYALL 


Drugs affecting the peripheral nervous system and the 
brain are among the most widely used in contemporary 
medicine. This book analyses currently available 
information on the therapeutic or toxic erfects of drugs 
in relation to the underlying physiologica processes and 
кшш phenomena. It attempts to fil the gap 
tween the many excellent textbooks of therapeutics ~ 
and the highly specialised research reviews and 
monographs. The book is aimed principa ly at 
undergraduate students in the natural ава medical 
sciences, and is the first in a new series. 
Cambridge Texts in the Physiological Sciences 1 
Hard cevers £9.00. net 
Paperback £2.50 net 
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signals are channelled through a final 
catecholamine element (whether dopa- 
minergic or noradrenergic); whether 
or not this turns out to be the case it 
is the association of reward pathways 
with specific neurohumoural mech- 
anism that must be of particular inter- 
est to the psychopharmacologist. 

The balance is to some extent 
redressed by the discussion of Stein e: 
al. of the  neuropharmacology of 
reward and punishment. Noradrenaline 
features prominently, as expected, in 
relation to the former function, but 
dopamine now also has a place. The 
increasingly cogent evidence for a 
relationship between 5-hydroxytrypta- 
mine and punishment mechanisms, and 
their possible relevance to the actions 


of the benzodiazepines, is also 
reviewed. Diverse — neuropharmaco- 
logical approaches to feeding (Hoebel), 
drinking (Setler) and reproductive 


behaviour (Meyerson and Eliasson) are 
comprehensively handled, but many 
conceptual problems remain. In 
Jouvet’s account of the current state 
of research on the neurohumoural 
mechanisms of sleep and waking it is 
apparent that much that earlier seemed 
to be clear on the basis of short-term 
experiments becomes obscure when the 
ability of the brain in the long term to 
compensate to apparently decisive in- 
sults is revealed. 

This volume ends with provocative 
chapters by Gray on fear and frustra- 
tion, and Hunter et al. on learning and 
memory. Gray believes that non- 
reward, punishment and novelty are 
classes of stimuli that have character- 
istics in common and may act by a 
single neurohumoural mechanism, His 
view that this includes the locus coeru- 





Metal ion 
solvation 


Metal Ions in Solution. By J. Burgess. 
Pp. 481. (Wiley: New York, London 
and Toronto, 1978.) £25; $55. 


As implied by the absence of the word 
“complex” from the title, this book is 
not concerned with metal complex ions 
in general The author has wisely 
chosen to focus attention on the pro- 
perties and certain reactions of metal 
ions that contain one or more solvent 
molecules as ligands. In view of the 
abundance of the present literature on 
inorganic solution chemistry, this is 
enough for any man to attempt. The 
result is a book that brings together 
in convenient form a wide variety of 
topics which are discussed in sufficient 
depth to provide a grasp of essentials 
and a stimulation to further study. 
About two-thirds of the book deals 


leus projection to septum and hippo- 
cumpus is in interesting contrast to the 
views of Stein and others expressed 
earlier in the volume. Hunter er al. 
review the evidence that noradrenaline 
and perhaps also S-hydroxytryptamine 
and acetylcholine, may be directly 
involved in the acquisition and storage 
of new information. 

In volume 9 the series returns from 
the knotty problems of correlating any- 
thing with behaviour to the more 
certain but rapidly expanding field of 
neurotransmitter pathway mapping. 
Here the juxtaposition of a number of 
reviews will be invaluable to the worker 
who wants a comprehensive account. 

The Handbook of Psychopharma- 
cology invites comparison with Psycho- 
pharmacology: A Review of Progress 
1957-1967 (ed. D. H. Efron, P.H.S. 
Publication 1836, US Government 
Printing Office, Washington, 1968) and 
its successor Psychopharmacology: A 
Generation of Progress (ed. M. A. 
Lipton, A. D. Di Mascio and K. K. 
Killam; Raven: New York, 1978). 
Both the Handbook and its competitors 
are good value. Reviews are presented 
in more detail, particularly with respect 
to techniques and their difficulties, in 
the Handbook. Therefore for a shorter 
review of an aspect with which he is 
unfamiliar, and particularly with view- 
points and theories, the reader may be 
advised to go the "Progress" volumes. 
For a more detailed account the Hand- 
book presents much information in a 
readable form. 

T. J. Crow 





T. J. Crow is a member of the MRC staff 
and Head of the Division of Psychiatry at 
the Clinical Research Centre, Harrow, UK. 





with the study of metal ion solvation 
by spectroscopic and other techniques, 
thermodynamic aspects (thermo- 
chemistry and redox potentials), hydro- 
lysis and polymerisation. The remain- 
ing third is concerned with kinetics and 
mechanisms—solvent exchange, anation 
reactions, redox reactions, and re- 
actions of coordinated solvents. The 
solvolysis and stability constants of 
complexes are not covered. The treat- 
ment of aqueous systems necessarily 
forms a major part of the discussion, 
but there are frequent references 
throughout to non-aqueous solvents and 
a chapter on mixed solvents and selec- 
tive solvation. Each topic is introduced 
at a level that requires a knowledge 
of basic physical chemistry and then 
progresses rapidly to the edge of the 
research literature. 

The book is well organised, as shown 
by the extensive table of contents, and 
well documented with over 1,700 
references and nearly 200 tables of 





Vincent J. Maglio 
& H. B. S. Cooke 


The Evolution of 
African Mammals 


Current knowledge about the origin 
and evolution of the Class Mammalia 
in Africa is summarised in this book. 
The major geological deposits of the 
African Cenozoic are reviewed and 
the broader patterns of faunal evolu- 
tion are identified. The modern 
mammalian fauna and environments 
are discussed, as is man’s impact on 
wildlife. 77 line drawings, 66 half- 
tones, bibliographies. February 1979, 
£42.00. 


Geerat J. Vermeij 
Biogeography and 
Adaptation 


Patterns of Marine Life 


Through this discussion of evolution- 
ary process and adaptive response, 
Vermeij elucidates the general prin- 
ciples that underlie the great diversity 
of marine forms found in the world’s 
oceans. 81 halftones, 9 line drawings. 
February 1979, £17.50. 


B. Raymond Fink and 
Robert J. Demarest 


Laryngeal Biemechanics 


Fink and Demarest offer a new model 
of laryngeal function and provide 
both an atlas and a treatise of the 
behaviour of the larynx, for its size the 
most complex and versatile mechani- 
cal device in the body. Common- 
wealth Fund, 69 aalftones, 26 line 
drawings. January 1979, £21.00. 


H. J. Phaff, J. W. Miller 
& E. M. Mrak 


The Life of Yeasts 
2nd edition. revised & enlarged 


The second edition of this book cov- 
ers recent and major advances in 
knowledge of the morphology, 
physiology, genetics and ecology of 
yeasts, increasingly studied as pro- 
totypical eukaryotes. /5 line draw- 
ings, 13 halftones. January 1979, 
£10.50. 
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data. The text is set out clearly and 
seems to be almost entirely free of mis- 
prints. There are a few criticisms, of 
course, but these arise mainly from 
personal prejudice as to the best way 
of teaching a particular topic and are 
perhaps most appropriately aired by 
direct communication with the author. 
According to the author the book is 
intended to occupy the middle ground 
between the elementary textbook and 
the erudite review, This is a fair claim. 
The enterprising undergraduate will 
find much of use and interest but, con- 


sidering all the other parts of chemistry 
to be studied, will probably find the 
price beyond his means. Teachers will 
find the basis for courses at various 
levels in some important areas where 
inorganic and physical chemistry over- 
lap. Research workers’ will find the 
necessary background (up to the end of 
1975) to topics that border on their 
main fields of interest. There is some- 
thing for everyone here. J. S. Coe 


J. S. Coe is Senior Lecturer in the Depart- 
ment of Chemistry, King’s College, 
University of London, UK. 








Aspects of the 
nude mouse 


The Nude Mouse in Experimental and 
Clinical Research. Edited by J. Fogh 
and B. C. Giovanella. Pp. 502. 
(Academic: New York and London, 
1978.) $31; £20.15. 


THE most provocative sentence in this 
interesting book is written by Rygaard. 
"If the nude mouse had appeared a 
decade earlier probably nobody would 
have paid any attention to the odd 
animal. Had it appeared a decade later 
most of the problems to which it may 
offer a solution would have been solved 
by other means". The last point is 
surely wrong, The congenitally athymic, 
nude mouse has been useful in con- 
firming solutions that had been fairly 
well established using the less perfect 
T lymphocyte-deficient animals that 
immunologists have strived so hard to 
improve but the real value and fascina- 
tion of this mutant arise from the new 
problems it has suggested. Thus the 
appearance of the nu gene would have 
stimulated a flurry of activity had it 
appeared at any time in the foreseeable 
future. Immunologists have achieved 
solutions to some of their problems but 
the strength of the subject lies in the 
number of soluble problems on our 
plate. 

This is a timely,, useful and well 
organised collection of chapters on 
many aspects of the nude mouse. The 
authors can be cleanly divided into 
those who regard the nude as a self- 
replenishing (although hopelessly com- 
plicated) test tube for sustaining human 
tumours, and those who exploit the 
nude to clarify the mechanisms by 
which normal and nude mice some- 
times resist infection, grafts of foreign 
tissue and tumours. It is clear that the 
nude mouse reared under conventional 
conditions is near perfect in its in- 
capacity to reject by an immune re- 
sponse grafts from other strains or 
from other species as distant as birds 
and reptiles. However nude mice do 
not in general show a higher incidence 


of cither spontaneous or induced 
tumours. Rygaard and Povisen found 
no tumours in a senes of nudes ob- 
served for 5,600 years of mouse life. 
According to Stutman’s thoughtful 
analysis the ли gene has probably no 
influence on the incidence of tumours : 
nudes seem to develop tumours less 
frequently than other mice because 
they are usually dead before they are 
six months old. Of all the observations 
in disagreement with the doctrine of 
immune surveillance this is the easiest 
to grasp. The T cell system of cell- 
mediated immunity is of established 





Catalytic 
processes 


Chemistry of Catalytic Processes. By 
B C. Gates, J. R. Katzer and G. C. A. 
Schuit. Pp. 464. (McGraw-Hill: New 
York, London and Toronto, 1978.) 
£21.35. 


Tuis is an interesting book which 
brings together the chemistry of cata- 
lysis and many of the concepts and 
techniques of. importance to the opera- 
tion of processes on the industrial 
scale. The plan adopted is to cover just 
five of the most significant types of 
catalytic processes and use them as a 
framework upon which to build. This 
approach might give the impression 
that the treatment of the subject would 
be more specialised and less general 
than is appropriate for a book of this 
kind, but, in fact, such an impression 
would be completely false. A great deal 
of fundamental chemistry is introduced 
as a basis for discussion of the chosen 
processes 

The chapter on cracking provides an 
account of catalysis on amorphous and 
crystalline acidic surfaces, describes 
the chemistry associated with carbon- 
jum ion intermediates and in addition 
it covers aspects of reactor design 
needed for catalyst regeneration to 
avoid loss of activity from coking The 
second chapter is concerned with a 
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value in defence against infection and 
so it is unnecessary to search for 
additional advantages such as the infan- 
ticide of tumours. 

If it is not done by T cells do 
animals use another system for stifling 
tumours and is this enhanced in the 
nude mouse? Here and elsewhere a 
great deal is written about NK cells— 
apparently lymphocytes possessing Fc 
receptors which kill a certain range of 
tumour cells in vitro. One is left con- 
vinced that the NK cell will come to 
be regarded as either the major im- 
munological discovery of this decade 
or as a remarkable fiasco. : 

The ingenuity applied to the ex- 
ploitation of the nude mouse is only 
just beginning. Two separate strains of 
nude, athymic rats have recently been 
discovered. These may or may not 
share precisely the same genetic defect 
with each other and with the nude 
mouse. In their turn they will confirm 
much of the new information gleaned 
from the nude mouse and will suggest 
fresh problems of their own. 

W. L. Ford 





W. L. Ford is Professor of Experimental 
Pathology at the University of Manchester, 
UK. 


number of reactions on transition 
metal complexes falling mainly under 
the classification of homogeneous cata- 
lysis; the basic chemistry included in 
this chapter deals with structure, bond- 
ing and reactions of organometallic 
complexes. | 

There is a very substantial amount 
of relevant fundamental material in the 
chapter on reforming. The treatment 
ranges from discussions of bonding in 
metals and alloys to consideration of 
the structures of typical oxide supports 
and from evidence for the nature of 
hydrogen adsorption on clean surfaces 
to the mechanisms of various hydro- 
carbon reactions on metals and on 
alumina. 

The final chapters cover oxidation 
as exemplified by the ammoxidation of 
propylene and hydrodesulfurisation. 
Once again the same general combina- 
tion of fundamental chemistry with 
relevant process engineering is provided 
in these chapters. 

Taken as a whole this is a stimulat- 
ing book which should appeal to a wide 
range of chemists and engineers who 
have a concern with reactions on sur- 
faces. The novel approach and the 
skilful blend of recent ideas and deve- 
lopments with the more traditional as- 
pects of the subject make the votume 
both attractive and timely. 

Charles Kembali 





Charles Kemball is Professor of Chemistry 
at the University of Edinburgh, Scotland. 
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British and Other Phoronids 
Emi 
isi bio LR мі + 58pp., £2.80/$5.75 0.12.238750.3 


Phoronids are a smail, but widely distributed, group of benthic marine animals. The author provides keys anc ааќсіыівна ie 
enable not only the British species to be identified but also all other known species. This book, which is based on research over 
the: last 20 ye: | the most recent review of the life history of phoronids and their morphological and anatomical 
characteristigs. is synopsis includes full descriptions of species of phoronids occurring outside British waters, 






The Soil-Root Interface 


Proceedings of an International Symposium and published under the aegis of the New Phytologist 
| edited by J. L. Harley апа R. Scott-Russell 
March/April 1979, xx + 448pp., £15.40/$31.75 0.12.325550.3 
While some aspects of the interactions between plant roots and the soil have been investigated fora century or more, there are. 
others about which, very little was known until recently. The growth of interest in this field of research has te a large extent 
“been due to the development of new experimental techniques which have permitted the examination of the more complex 
factors of water supply, nutrient availability and the pathology of plants. The specialized ^nowledge required for these studies 
necessitates a multi-disciplinary approach and those involved felt that there was a need to meet to discuss ideas and recent 
progress in the physical; chemical, biochemical, biological and microbiological characteristics of the interfacial region, This 
volume is the outcome of that meeting, which was held in Oxford in March 1978. 
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Studies of Language, Thought and Verbal Communication 
edited by R. M. Blakar and R. Rommetveit 
February/March 1979, approx. 500pp., £22.40/ $47.25 0.12.594660.0 
This book covers nearly two decades of theoretical and empirical inquiries into language, thought and humen communica- 
tion. A wide range of substantial issues is covered in the volume: from micro-analysis of the process of reading to patterns of 
communication in families containing schizophrenic members; and from contractual aspects of communicaticn to analysis of 
language as a means of social power. Eight papers in Section 1 examine dominant traditions within research on language, 


thought and communication and outline an alternative conceptual framework. Section i! follows with twenty-seven papers 
giving empirical support to this alternative social-cognitive framework. 


. A : x. 

An Introduction to Quarks and Partons 
F. E. Close 
March/April 1979, xiv « 472pp., £26.40/ $54.50 0.12.175150.3 
High Energy Physics has experienced a renaissance during the last four years, and the significance of quarks һаѕ become 
universally recognised. Since the excitement generated by recent discoveries such as that of the psi particle in 1974, and 
subsequently of ‘charm’, there has been no major book — as opposed to summer school reports — to cover progress in the 
rapidly developing field of High Energy Physics. This graduate text aims to correct this situation by presenting the basic ideas 
on quarks and partons at a level that can be understood by theorists and experimentalists with some familiarity with .... 
elementary particle physics or, simply, quantum mechanics. After this grounding, and with the aid of the comprehensive 
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announcements 








Awards 
The Royal Society has recently 
awarded the following medals: The 


Copley Medal to Professor R. B. Wood- 
ward; Royal Medals to Professors R. A. 
Gregory, A. Salaam and T. Kilburn: 
The Davy Medal to Professor A. 
Eschenmoser; The Darwin Medal to 
Dr G. Pontecorvo; The Leverhulme 
Medal to Sir Frederick Warner; The 
Mullard Medal to Dr J. W. Black; The 
Esso: Medal to A. G. Frame, J. M. 
Laithwaite, A. D. Evans, Dr J. F. W. 
Bishop and Dr T. N. Marsham; The 
Rumford Medal to Sir George Porter: 
The Hughes Medal to Professor W. 
Cochran. 


The following awards of the New York 
Academy of Science were made re- 
cently: The Distinguished Service 
Award of The New York Academy of 
Sciences was presented posthumously 
to Margaret Mead, eminent anthropol- 
ogist and humanist, in recognition of 
her outstanding contributions to 
science and society; Harrison Brown 
has received The New York Academy 
of Sciences Award; Anna Goldfeder 
has received the Academy's Presidential 
Award; Philip Leder has received The 
New York Academy of Sciences Award 
in Biological and Medical Sciences. 
Michael E. Fisher has received The 
New York Academy of Sciences Award 
in Physical and Mathematical Sciences; 
Michael Cole has received The New 
York Academy of Sciences Award in 
Behavioral Sciences; Peter Rentzepis 
has received the A. Cressy Morrison 
Award in the Natural Sciences; John 
J. MeKetta has received The Boris 
Pregel Award for Applied Science and 
Technology: Paul Edward Garber has 
received the 1. B. Laskowitz Award for 
Research in Aerospace Engineering 
Sciences, Support Systems and Com- 
ponents; Barbara McClintock has re- 
ceived the Louis ànd Bert Freedman 
‘Foundation Award for Research in 
Biochemistry: Victor Sidel has received 
the Sarah L. Poiley Memorial Award: 
Patrick Eggena has received the Dr 
Harold Lamport Award: Orville L. 
Chapman has received the Gregory and 
Freda Halpern Award in Photo- 
chemistry. 


. Professor J. H. Burn, Emeritus Pro- 
“fessor of Pharmacology, Oxford Uni- 
versity, has been awarded the first 
“Wellcome Gold Medal of the British 
Pharmacological Society. 


The- 1979 Israel Prize in the Life 
Sciences has been awarded to Professor 
Hans Lindner, Head of the Weizmann 
Institute's Hormone’ Research Depart- 
ment, for his outstanding achievements 
and most important contributions to 


endocrinology and the biology of 
reproduction. 
The “American Geophysical Union 


(AGU) has presented Hsieh W. Shen, 
Professor of Civil Engineering, 
Colorado State University, with the 
Robert E. Horton Award. 


The first Wellcome Trust Award for 
Research in Biochemistry Related ‘to 
Medicine has been made to Dr D. J. H. 
Brock, Reader in Human Genetics in 
the University of Edinburgh. 


R. W. Whorlow, Senior Lecturer in the 
University of Surrey’s Department of 
Physics, has’ received the first Annual 
Award of the British Society of 
Rheology, in recognition of his out- 
standing services to the Society for his 
work in the teaching and science: of 
theology. 


Appointments | 
The President. of the. Royal Society, 
the. Rt. Hon. the Lord Todd, OM, has 
appointed the following Vice-Presidents 
for the-year.ending 30 November, 1979: 
Dr. B. J. Mason, CB, Treasurer of the 
Royal Society; director-general of the 
Meteorological Office; Professor D. С. 
Phillips, Biological Secretary of the 
Royal.Society; professor. of molecular 
biophysics, at the University of Oxford; 
Dr T. M. Sugden, CBE, Physical Secre- 
tary of the Royal Society; master .of 
Trinity Hall, Cambridge; Dr M. G. P. 
Stoker, CBE, Foreign Secretary of the 
Royal Society; director of. the Imperial 
Cancer Research Fund Laboratories; 
Professor P. Allen, professor and head 
of the department of geology and 
director of the sedimentology research 
laboratory in the University of 
Reading; Sir. Arnold Hall, chairman 
and managing director, Hawker Sid- 
deley Group Limited; Professor D. С. 
Smith, Melville Wills professor of 
botany and director of biological 
sciences. in the University of Bristol; 
Sir Michael Woodruff, emeritus pro- 
fessor of surgery in the University of 
Edinburgh. 


Professor Dennis J. Greenland has 
been appointed | Deputy Director- 
General of the International Rice 
Research Institute in the Philippines. 


Tony Benn, Secretary of State. for 
Energy, has appointed W. P. Blair to 
be a member of the Advisory Council 
on Energy Conservation, Mr Blair is an 
Executive Council member of the 
Electrical, Electronic, Telecommunica- 
tions and Plumbing Union (EETPU). 


Dr Page Faulk, formerly Director. of 
the Division of Developmental. Ime 
munology to. The Medical University 
of South Carolina, US, has been ape 
pointed as Directer of The Blond 
McIndoe Centre with effect from the 
Ist January 1979 and the Royal 
College of Surgeons of England have 
conferred on him the title of 
Honorary Research Professor. 


Dr Charles м. Brown, senior lecturer 
in Biological Sciences at the University 
of Dundee, has been appointed to a 


new Chair in, the Department of 
Brewing and Biolegical Sciences at 
Heriot-Watt University, Edinburgh. 


He will take up his appointment on I 
July 1979. 


On ! July 1979, Dr Daniel A. Pollen 
will: become. Director of Neurological 
Research and Chairman of the Division 
of Neurobiology at the Barrow 
Neurological. Institute of St Joseph's 
Hospital and Medical Center in 
Phoenix; . Arizona... Dr. Pollen leaves 
the Neurosurgical Service of. the 
Massachusetts General Hospital and 
Harvard Medical School. where he was 
Associate Professor of. Physiology in 
the Department of Surgery. 


Dr J. W. Bridges, Reader in the Uni- 
versity of Surrey's Department of 
Biochemistry. and. Director of the 
recently founded; Institute of Industrial 
and. Environmental Health and Safety, 
has been appointed to the new Chair 
in. Toxicology--the only University 
Chair in Toxicology in the UK. 


Joel L. Lebowitz, Professor of 
Mathematics and Physics and Director 
of the Center for Mathematical 
Sciences. Research at Rutgers Univer- 
sity, has been installed as president at 
The New York Academy, of Sciences’ 
16ist Annual Meeting held at The 
American Museum of Natural, History 
on 5 December 197%. 


Edward R. Hitchcock, a Birmingham 
medical graduate of 1952, has returned 
to the University as Professor and 
Head of the Department of Neuro- 
surgery. | 


Pay 
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APPOINTMENTS VACANT 








C ERRARE 


UNIVERSITY OF SURREY 
DEPARTMENT OF 
BIOCHEMISTRY 


LECTURER 
IN BIOCHEMISTRY 
Applications аге invited from 
suitably qualified graduates for a 
Lectureship in Biochemistry in the 


Biochemistry Department, Preference 
will be given to applicants with post- 
graduate experience and an interest in 
mammalian or — physiological bio- 
chemistry. Industrial experience would 
also he advantageous. 

Salary will be within the range 
£3,883 to £7,754 per annum according 
io qualifications and experience, 

Further particulars about the post 
may be obtained from the Academic 
Registrar (LFG), University of Surrey, 


Guildford, Surrey GU2 §XH, or Tet: 
Guildford 71281, Ext. 452. Applica- 
tion from men or women in the form 
of a curriculum vitae, together with 
the names and addresses of iwo ref- 
erees, should be sent to the above by 
March 12, 1979, 9761(A3 





function. 


in the above disciplines 


drug evaluation essentia'. 





| 
| 
| 
| 
! 
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| 
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Graduate 
Biologist 


in our group studying new approaches to drug therapy of 
enteric disease a vacancy exists for a pharmacologist or 
physiologist with a particular interest in gastrointestinal 


We should be pleased to consider newly qualified graduates 
(24 Hons. 
standard) through to PhDs with up to one year's post 
doctoral experience. Experience of in vivo experimentation 
is desirable and an interest in goal orientated research and 


Walton Oaks is pleasantly situated in the Surrey countryside 
near Dorking and Reigate. The Company provides excellent 
working conditions including flexible working hours. 


Application forms (to be returned by March 16) may be 
obtained from Mrs. M. R. Minchin, Personnel Officer, 


Beecham Pharmaceuticals Research Division, 
Animal Health Research Centre. Walton Oaks, 
Dorking Road, Tadworth, Surrey. (Telephone: 
Tadworth 4444). 9785(A) 


Beecham 
Pharmaceuticals 


CHAIRPERSON, 
PROFESSOR OF CHEMISTRY 
DEPARTMENT OF CHEMISTRY 


State University of New York at 
Albany--Applications are invited for 
this position to start on September 1, 
1979 or as soon thereafter as possible. 
The Department of Chemistry has a 
commitment to continuing develop- 
ment of outstanding programs in re- 
search and teaching and seeks a Chair- 
person to provide leadership in these 
areas and to guide the future growth 
of the department. The applicant 
should be a chemist of senior rank, 
with an established reputation in re- 
search and interest in teaching and 
administration. Each applicant should 
send a resume and the names of at 
least three references to: J. A, Zubieta, 
Chairman. Search Committee, Depart- 
ment of Chemistry, State University of 
New York at Albany, Albany, New 











York 12222. Applications should be 
completed before March 30, 1979. An 
EO/AA employer. 9743(А у} 






degree minimum 































UNIVERSITY OF NAIROBI 
KENYA 
Applications are invited for the post of 
SENIOR LECTURER 
in the 


DEPARTMENT OF 
VETERINARY PATHOLOGY 


Candidates must be veterinarians with 
a Ph.D. in Pathology and teaching 
experience at University level. Salary 
scale: K£2,988 to K£3,984 per annum 
(КЕТ equals £1.34. sterling). The 
British Government may supplement 
salary by £5,430 per annum (sterling) 
for married appointee or £3,648 per 
annum (sterling) for single appointee 
(reviewed annually and normally free 
of tax) and provide children's educa- 
tion allowances and holiday visit pas- 
sages. Family passages; superannuation 
scheme; medical aid scheme; various 
allowances. Detailed applications (two 
copies) with curriculum vitae and 
naming three referees to he sent direct 
te Registrar, University of Nairobi. 
P.O. Box 30197, Nairobi, Kenya by 
April 5, 1979. Applicants resident in 
the U.K. should also send one copy 
to Inter-University Council, 90/91 
Tottenham Court Road, London МІР 
ODT. Further details may be obtained 
from either address. 9720(A) 





MEDICAL RESEARCH 
COUNCIL 


LABORATORY ANIMALS 
CENTRE 


TWO 
RESEARCH OFFICERS 


One post is in the Centre's Accredi- 
tation Department. Its duties will 
include visiting commercial breeders 
of laboratory animals throughout 
Great Britain who are accredited or 
recognised by the Centre. 

One post is in the Director’s Depart- 
ment and is concerned with a research 
programme jinto Specifice Pathogen 
Free cats, with some administrative 
responsibility for the day-to-day run- 
ning of the department. 

Candidates for either 
have at least two years' postgraduate 
experience in biology or zoology; a 
knowledge of small animals would be 
an advantage but not essential. Salary 
according to age, qualifications and 
experience plus £354 London Weight- 
ing. Contributory Superannuation 
Scheme. 

Applications, together with a copy 
of curriculum vitae and the names of 
two professional referees, should be 
addressed to: The Director, M.R.C. 
Laboratory Animals Centre, Wood- 
mansterne Road, Carshalton, Surrey 


SM5 4EF. 


Medica! Research Council 
9621(A) 
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UNIVERSITY COLLEGE 
CARDIFF 


Applications are invited from 
registered Medical, Dental or Scie! 
graduates for the post of 
LECTURER 
in the 
DEPARTMENT OF ANATOMY 
The appointment carries responsibil 
for teaching preclinical medical an 
or dental students at ordinary a 
honours levels. The appointee m: 
engage in research work. Salary ran 
£3,883 to £7,754 per annum. Dut 
fo commence not later than October 
1979, 
Applications (two copies), toget 
with the names and addresses of thi 


referees, should be forwarded to t 
Vice-Principal (Administration) a 
Registrar, University College, P. 


Box 78, Cardiff CF1 IXL, from whi 
further details may be obtained. Cl 





ing date: March 31, 1979. Referer 

1720. 9765(A) 
UNIVERSITY OF 
NOTTINGHAM 


SCHOOL OF AGRICULTURE 
TEMPORARY LECTURESH 


in 
SOIL SCIENCE 
There will be a vacancy for 


Lecturer in Soil Science in the Depa 
ment of Physiology and Environment 
Studies, The appointment will be f 
two years from September 1, 197 
with a possible extension for the thi 
year, and it will be made in the fii 
three steps of the Lecturer Scale. 
The main emphasis in the Se 
Science Section relates to physical à 
clerical aspects of soil/plant relatic 
ships and it is expected that the p 
son appointed would strengthen the 
interests: research experience is des 
able. 
Further 
application, 
March 12, 


forms 
later thi 
the Ste 


particulars and 
returnable not 
1979. from 
Appointments Officer, University 
Nottingham, University Park, № 
tingham МСО? 2RD. Ref. No. 675. 
9766(A) 








UNIVERSITY OF 
ST. ANDREWS 
INT OF ANATOMY 
XPERIMENTAL 
PATHOLOGY 
Applications are invited 
post of 
TECHNICIAN (GRADE 4) 
in the above Department. The 
successful applicant will take 
of the dissecting room and 
Iming suite, participate in the 
preparation of material for display 
in the departmental museum and 
assist with the preparation of 
teaching material. 
Salary af appropriate 
scale £2,985 to £3,402 
(under review), 
Applications, with the names of 
two referees should be sent to The 





for the 











point on 
per annum 





Establishments Officer, The Uni- 
versity, College Gate, St. Andrews, 
Fife, by March 2. 1979. 9792(A) 
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UNIVERSITY OF DAR ES SALAAM 
TANZANIA 


Applications are invited for the following posts in the 
DEPARTMENT OF FOOD SCIENCE AND TECHNOLOGY 


PROFESSOR/ASSOCIATE PROFESSOR IN 


FOOD SCIENCE 


Applicants should have a good B.Sc. in Food Science and Ph.D. in any 
area of Food Science and Technology with wide teaching and research 
experience at University level. Past experience in setting up and organising 
new Food Science Laboratories would be of advantage. The appointee 
would be required to teach in his/her area of speciality ín an integrated 
undergraduate training programme for B.Sc. (Food Science) and B.Sc, 
(Agric) courses, The appointee would also be required to initiate and 
supervise research projects in the area of Food Science both at under- 
graduate and postgraduate levels. 


LECTURER/SENIOR LECTURER IN 
FOOD ENGINEERING AND FOOD MANUFACTURE 


Applicants should have a good B.Sc. in Food Science and Ph.D. in 
Food Engineering or Food Manufacture with considerable teaching and 
research experience at University level. Past experience in setting up new 
Food Science Laboratories would be advantageous. The appointee would 
be required to teach all aspects of Food Engineering and Food Manu- 
facture to undergraduate students studying for B.Sc, (Food Science) and 
B.Sc. (Agric), The appointee would also be expected to initiate and 
supervise research programmes in the area of Food Science both at 
graduate and postgraduate levels. 


SENIOR LECTURER/LECTURER IN 


FOOD MICROBIOLOGY 


Applicants should have a good B.Sc. in Food Science and a Ph.D. in 
Food Microbiology with considerable teaching and research experience at 
University level. Experience in setting up new Food Microbiology Labora- 
tories would be advantageous. The appointee would be required to teach 
Food Microbiology to students studying for B.Sc. (Food Science) and 
B.Sc. (Agric) The appointee would also be required to initiate and 
supervise research work in the area of Food Microbiology at undergradute 
and postgraduate levels. 


LECTURER IN FOOD ECONOMICS AND 
MANAGEMENT 


Applicants should have a good B.Sc. in Food Science or Home 
Economics and Ph.D. in Food Economics and Management with consider- 
able teaching and research experience at University level. The appointee 
will be required to teach Food Economics and Management to students 
studying for B.Sc. (Food Science) and B.Sc. (Agric). The appointee would 
also be required to initiate and supervise research work in Food Economics 
and Management both at graduate and postgraduate levels, 

Salary Scales (Salaries are exclusive of 50% expatriation allowance): 
Professor £12,700 p.a.; Associate Professor £12.380 to £T2,580 p.a.; 
Senior Lecturer £T1,980 to £12,480 p.a.; Lecturer £11,620 to £T1.980 p.a. 
(£Ti=£1.22 sterling.) The British Government may supplement salaries 
in range £4.356 to £5,964 p.a. (sterling) for married appointees and £2,754 
to £4,038 p.a. (sterling) for single appointees (reviewed annually and 
normally free of tax) and provide children's education allowances and 
holiday visit passages, Family pasages; F.S.S.U.; biennial overseas leave. 

Detailed applications (2 copies) with curriculum vitae and naming 
3 referees to be sent direct to Chief Academic Officer, University of 
par es Salaam, P.O. Box 35091, Dar es Salaam, Tanzania, by April 8, 

Applicants resident in the U.K. should also send one copy to Inter- 
University Council, 90/91 Tottenham Court Road, London WIP ODT. 
Further details may be obtained from either address. 9796(A) 











UNIVERSITY OF 


CALIFORNIA, BERKELEY 
DEPARTMENT OF 
ENTOMOLOGICAL SCIENCES, 
COLLEGE OF 
NATURAL RESOURCES 


FACULTY POSITION 


KENYA 


Applications are invited 
for the post of 
SENIOR LECTURER 
in the 
DEPARTMENT OF PHARMACY 


UNIVERSITY OF NAIROBI 





IN INSECT PATHOLOGY 


Full-time, 11-month research (75 per 
cent) and teachíng (25 per cent) posi- 
tion available in insect pathology at 
the Assistant Professor level available 
July 1, 1979. Expertise mandatory in 
one of the following areas: bacteri- 
ology, comparative virology, mycology, 
or protozoology. Ph.D. and background 
in pathology required and postdoctoral 
experience desirable. 

Responsibilities will be in basic and 
applied research and teaching in insect 
pathology and pest management. 
Experience in pathogen-insect relation- 
ships, pathogenicity, and the manipula- 
tion of pathogens for insect control 
will be weighting factors when judging 
applicants. 

Send full curriculum vitae, official 
transcripts, copies of significant publi- 
cations or manuscripts, and names of 
three references by April 1, 1979 to 
Evert 1, Schlinger, Acting Chairman. 
Department of Entomological Sciences, 
137 Giannini ^ Hall, University of 
California, Berkeley, California 94720. 
The University of California is ап 
Equal Opportunity /Affirmative Action 
Employer. 9755(А) 





Applicants must have а good degree 
in Pharmacy and a Ph.D. in Pharma- 
ceutics. In addition the applicants are 
expected to have teaching and research 
experience at University level. Those 
with postgraduate qualifications in 
related branches of Pharmacy will 
also be considered. Salary Scale: 
K£2,988 to K£3,984 per annum (K£1 
equals £1 sterling). The British Gov- 
ernment may supplement salary by 
£5,430 per annum (sterling) for mar- 
ried appointee or £3,648 per annum 
(sterling) for single appointee 
(reviewed annually and normally free 
of tax) and provide children’s educa- 
tion allowances and holiday visit pas- 
sages. Family passages; superannuation 
scheme; medical aid scheme; various 
allowances, Detailed applications (two 
copies) with curriculum vitae and 
naming three referees to be sent direct 
to Registrar, University of Nairobi, 
P.O. Box 30197, Nairobi, Kenya by 
April 5, 1979, Applicants resident in 
the U.K. should also send one copy to 
Inter-University Council, 90/91 Tot- 
tenham Cour: Road, London WIP 
ODT. Further details may be obtained 
from either address. 9759(A) 


Industrial Scientist 


Senior Scientific 
Officer/Higher 
Scientific Officer 


Applications are invited for the above peasionable post in the 
Industrial Science Division of the Department of Commerce 
situated at 17 Antrim Road, Lisburn, Co Antrim. 


The successful candidate will work in a section which is involved in 
the continuous survey of international innovation and the technical 
appraisal of research and development projects. 


The duties will involve the vetting of submitted projects and the 
evaluation of them in the context of existing technology or 
innovations to be found in patent and other literature. 


The Industrial Science Division offers Industry and Government a 
wide range of scientific and technical services to aid in legislative 
administration, production, quality control and research and 
development. 


The Division has substantial library facilities for the use of the 
successful candidate, and the services of the Information Officer 
may be called upon to survey the literature by means of computer 
links with UK and foreign data bases. 


Appointment may be made at either Senio: Scientific Officer or 
Higher Scientific Officer. 


Applicants should normally have had some experience of Research 
and Development in either the pure or applied fields and preferabiy 
be qualified as chemists, chemical engineers, chemical technologists 
or physicists. Applicants must have industrial experience preferably 
in more than one manufacturing situation. 


SENIOR SCIENTIFIC OFFICER 


Over 25 and under 32 years of age on 31 December 1978 and 
possess a 1st or 2nd class honours degree in Chemistry, Physics, 
Chemical Engineering or Chemical Technology and have at least 
4 years’ appropriate post-graduate experience as outlined above. 


HIGHER SCIENTIFIC OFFICER 


Under 30 years of age on 31 December 1979 and possess an 
Honours degree in Chemistry, Physics, Chernical Engineering or 
Chemical Technology and have at least 2 years’ appropriate 
post-graduate experience as outlined above. 


Exceptionally, applications may be considered from candidates over 
the age limit who have specialised experience. 


The Commissioners may decide to interview only those applicants 
who appear from the information available (including level of 
academic attainments and experience) to be best qualified. 


SALARY SCALES 
Senior Scientific Officer.—£5,154- £6,898 
Higher Scientific Officer.—£4,101-£5,448 


The salary will be subject to review with effect from 1 April 1979. 


Grading and Starting salary will be related to qualifications and 
experience. 


Please write or telephone for an application form quoting job 
reference SB 77/79/NA to the Civil Service Commission, Rosepark 
House, Upper Newtownards Road, Belfast BT4 3NR (telephone 
Dundonald 4585 ext. 256). Completed forms must be returned to 
arrive not later than 8 March, 1979. 

9707(А) 











MEDICAL LAB TECHNICIAN 


Graduate preferred, trained in light and transmission electron micro- 
scopy, required as soon as possible to work in Oxford. Knowledge of day- 
to-day maintenance of an up-to-date electron microscope an advantage, 
Manufacturers contract for regular major service and breakdowns maine 
tained. Initial three vear contract on current Whitely Council scales. 


Apply for further details to: 
Colchester. 


Director, L.E.P.R.A., Fairfax House, 
9704(A) 


ХУ 


NORTHERN IRELAND 


Езда 
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UNIVERSITY OF DAR ES SALAAM 
TANZANIA 


Applications are invited for ihe following posts in the 
DEPARTMENT OF AGRICULTURAL ENGINEERING AND 
LAND PLANNING 
LECTURER/SENIOR LECTURER/ASSOCIATE 
PROFESSOR IN SOIL AND WATER ENGINEERING 


Candidates should possess B.Sc. in Agricultural Engineering, Engineering, 
Agriculture with engineering specialisation or Geography together with 
M.Sc. and/or Ph.D. with emphasis on Soil and Water Engineering; and/or 
Land Planning. Practical experience with responsibility in Land Planning 










and management for arable and livestock farming; soil conservation 
and/or irrigation is desirable, us is teaching experience. The appointee 
will be required to teach in the B.Sc. and M.Sc. programmes in the 
general area of Soil and Water ineering with emphasis on Land 
evaluation, Land capability, classification and Land development for 
agricultural production including arable and livestock farming. He/she 
will be expected to supervise B.Sc. and M.Sc. work and undertake 


research in this area of study, and develop liaison with 
government and parastatal organisations. 


LECTURER/SENIOR LECTURER/ASSOCIATE 
PROFESSOR IN PROCESSING AND STORAGE 
OF AGRICULTURAL CROPS 


Candidates should 


field staff in 


possess a B.Sc. in Agricultural Engineering, Agri- 
culture or Engineering preferably together. with M.Sc. in a relevant 
specialist study. Respons/ble practical and/or research experience is also 
required and teaching experience would be an advantage, The appointee 
will be required to teach in B.Sc. and M.Sc. programmes in the general 





area of farm village and estare level processing of foodstuffs including 
crop drying and storage, processing of dairy products and crops of 
economic importance such as coffee, cotton, sis sugar. He/she will 





be required to supervise students undertaking sp | studies; participate 
in the Department's research programme; collaborate with and provide 
advice to units within und outside the University. 


LECTURER/SENIOR LECTURER/ASSOCIATE 
PROFESSOR IN FARM AND RURAL STRUCTURE 


Candidates should possess a B.Sc. in Agricultural Engineering, Agri- 
culture or Eng'neering preferably with M.Sc. or Ph.D. in a relevant area 
of study. Responsible practical and/or research experience is also required 
and teaching experience is desirable, The appointee will be recuired to 
teach in BSc. and М programmes in the general area of functional 
and constructional as of structures for livestock, storage and process- 
ing; layout of buildings and equipment and provision of service. Particular 
attention s given in the Department to requirements at farm and village 
level Tt is anticipated that the expert will disseminate sound practice in 
the feld through laison with rural communities and advisory workers. 
He/she will be expected to undertake research and development work. 


LECTURER/SENIOR LECTURER/ ASSOCIATE 
PROFESSOR IN FARM POWER AND MECHANISATION 


Candidates should be holders of BSc, in Agricultural Engineering or 
in Agriculture with strong mechan?'sation option and responsible experience 
in the application. and management of farm machinery in agricultural 
producten. A relevant M.Sc. or Ph.D. is highlv desirable, as is teaching 
experience. The appointee will be required to teach in the B.Sc. and 
M.Sc. programmes in the general area of farm power and machinery 
Panagement, and to supervise students undertaking special duties, He/she 
will be expected to contribute to the Department's research programme 
and work in conjunction with other units within and outside the University 
wher appropriate. 

Salary s 5 (salaries exclusive of S0", expatriation allowance): Associate 
380 to £T2.880 ра; Senior Lecturer £T1.980 to £T2,480 
p-a; Lecturer £T1.620 to £T 1,980 p.a. (£T E £1.22 sterling.) The British 
Government mas supplement salaries in range £4.356 to £8.220 ра. 
(sterling) for married appointees and £2.54 to £3,330 p.a. (sterling) for 
single appointees (reviewed annually and normally free of tax) and provide 
children's education allowances and holiday visit passages. Family passages; 
PSSA biennial overseas leave, 
alled applications (2 copies) 
à referees to he direct to 
Dar es laam, Box 38091, 
1979 

Applicants resident in the U.K. should alse send 
Univers tv. Council, 90/91 Tottenham Court Road, 
Further details may be obtained from either address. 















x. 























with curriculum vitae and naming 
Chief Academie Officer, University. of 
Dar es Salaam, Tanzania, by April 8. 






sent 


P.O. 





one copy to Inter- 
London WIP ODIT 
9797(A) 


CHARING CROSS HOSPITAL 
SENIOR 


MEDICAL LABORATORY 
SCIENTIFIC OFFICER 


required for Tissue Typing Section of our Haematology Depart- 


ment. State Registration and experience in HLA Typing 
essential. For further details, please ring Mr T. Fletcher, Senior 
Chief Medical Laboratory Scientific Officer, Haematology, on 
(01)-748 2040, Bleep 91. 
Application forms from District Personnel Department, 
Charing Cross Hospital, Fulham Palace Road, 
Hammersmith, London W6 


Tel: (01)-748 2040, ext. 2992/3021 
9790(A1 

















UNIVERSITY OF DUBLIN 


Trinity College 





DEPARTMENT OF 
PHYSIOLOGY 


LECTURER 


Applications are invited from 
medical, dental or science graduates 
for this position which carries main 


responsibility for teaching їп the 
following courses: 
Histology (some general and all 


special) to Dental students. 
Histology to Pharmacy Students. 


Anatomy and Physiology: a co- 
ordinated course to students of 
Remedial Linguistics (Speech 
Therapy). 


A research interest is essential in 


an area or areas related to the 
teaching programmes, 

Salary scale: £4,232 to £8,321 per 
annum. Appointment is likely to 
be made within the range £4,232 to 
£4,680. 

Application forms and further par- 


ticulars relating to this post may be 
obtained from: 

The Establishment Officer, 

The Es shment Officer, 

West Theatre, 

Trinity College, 

Dublin 2 
to whom completed applications should 
be sent not later than March 14, 1979, 

9706( A} 











CHARING CROSS HOSPITAL 
MEDICAL SCHOOL 


(University of London) 
DEPARTMENT OF OBSTETRICS 
AND GYNAECOLOGY 
POSTDOCTORAL 
RESEARCH ASSISTANT 

Applications are invited for a post- 
doctoral Research Assistant interested 
in reproductive biology with specific 
Telerence to the placenta, The appli 
canis will be expected to have experi- 
ence іп membrane biochemistry, 
immunology and celi biology. Salary 
on scale £3,883 to £6,555 plus #450 
London Allowance. Further details 
obtainable from Dr Contractor, Of- 
748 3441, extension 127. 

Applications including full  cur- 
riculum vitae and names of two ref- 
erees should be sent to The Secretary, 
Charing Cross Hospital Medical School, 
The Reynold’s Building, St Dunstan's 
Road, London W6 SRP. (Ref: 470/1). 

977КА) 





MEDICAL 

RESEARCH COUNCIL 

DEVELOPMENTAL 

NEUROBIOLOGY UNIT 
INSTITUTE OF NEUROLOGY 

Applications are invited from 
young postdoctoral morphologists 
to participate in a programme to 
study effects of metabolic factors 
on brain development. Research ex- 
perience in quantitative morpho- 
logical methods, light and electron- 
microscopic autoradiographic, and 
immunohistochemical techniques 
wil be of advantage. The appoint- 
men: will be for one vear in the 
first instance with the possibility of 
extension for a further two wears. 
Salary will be at the appropriate 
point on the MRC scale for non- 
clinical scientific staff. 

Applicants should send a Curri- 
culum itae giving full details of 
qualifications and experience, and 
the names of two referees to: Dr 
R. Balazs. MRC Developmental 
Neurobiology Unit, Institute of 
Neurology. 33 John's Mews, Lon- 
don WCIN 2NS. 9734(A 














{ Immunology 


UNIVERSITY OF 
CALIFORNIA, BERKELEY 
DEPARTMENT OF 
ENTOMOLOGICAL SCIENCES, 
COLLEGE OF 
NATURAL RESOURCES 
FACULTY POSITION 
IN NATURAL PRODUCTS 
CHEMISTRY 

Full-time, ti-month research (NO per 
сеш) and teaching (20 per cent) posi- 
tion available in Natural Products 
Chemistry at the Assistant Professor 
level. Ph.D. in organic chemistry or 
other  fielis(s) relevant to natural 
products required with evidence of 
interest in chemicals active in insects. 

Responsibilities will he in basic and 
applied research involving bioactive 
chemicals from insects, plants, and 
Other biological materials that influ- 
ence insect growth, development, 
reproduction, and behaviour, Research 
will include identification and synthesis 
of active components, and studies on 
their potential use in managing insect 
populations. Teaching duties may 
include developing a course in chemical 
ecology, environmental chemistry, 
insect biochemistry, or chemical pest 
control. 

Send full curriculum vitae, official 
transcripts, copies of significant 
publications or manuscripts, and names 
of at least three references by April 1, 
1979 to Evert L Schlinger, Acting 
Chairman, Department of Entomologi- 
cal Sciences, 137 Giannini Hall, Uni- 
versity of California, Berkeley, 
California 94720. The University of 
California is an Equal Opportunity/ 
Affirmative Action. Employer. 

9756(A) 








Biochemistry Technician required for 
research project involving glycoprotein 
separation and metabolism in calcified 
tissues. Experience with chromato- 
graphic, immunochemical and radio- 
isotopic techniques useful, but not 
essential, Salary on Whitley Council 
Medical Laboratory Scientific Officer 
scale £3.26! to £4,680 per annum, 
according Чо age, qualifications and 
experience. Apply giving curriculum 
vitae and the names of two referees 
foo Dr J.T. Тг, M.R.C. Bone 
Research Laboratory, Nuffield Depart- 
ment of Orthopaedic Surgery, Univer- 





sity of Oxford, Nuffield Orthopaedic 
Centre, Oxford OX3 FLD. 9772(A) 
TWO 
-MEDICAL 





SEARCH ASSISTANTS 
required in the Host Defence Unit of 
the Department of Medicine, Cardio- 
thoracic Institute, to assist in a three- 
year project investigating phagocyte 
function and muco-ciliary clearance 
mechanisms in human and animal 
respiratory infections, Practical experi- 
ence in either humoral/cellular immu- 
nology, electron microscopy, or cell 
physiology/biochemistry essential. 
Applications, stating age, qualífica- 
tions and giving details of practical 
experience, with particular reference 
to the areas stated, together with the 
names and addresses of two referees to 
R. A. Perkins, Secretary, Cardio- 
thoracic — [nstitute,— Fulham — Road, 
London SW 6HP. Please quote ref- 
erence HDU 1/79. O775CA) 








LABORATORY SCIENTIFIC OFFI- 
CER required in Department of Oral 
and Microbiology for 













three years. for research into im- 
munity to Streptococci in man and 
j animals. perience in immunology 
| and/or 3 мою у desirable, Salary 


for qualified Laboratory Scientific 





| Officer not jess than £3.261. on scale 
| rising to £3.930. plus £384 Londen 
| Weighting. Apply in writing, stating 





age and giving details of qualifications 
and experience, to thé Secretary, Guy's 
Hospital Medical School London 
Bridge SE! ORT, quoting Ref. LMI 
9794(A) 
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THE WEST OF SCOTLAND 


AGRICULTURAL COLLEGE 
AGRICULTURAL CHEMISTRY 
DIVISION 


SPECIALIST ADVISER 
ANALYTICAL CHEMISTRY) 


Applications are invited for a post 
of Specialist Adviser (Analytical 
“hemistry) in the Division’s Analytical 
gervices Unit. Applicants should have 
; degree or equivalent qualification in 
Chemistry or Agricultural Chemistry. 
Zxperience in the establishment oper- 
ation and control of large scale analy- 
ical procedures woud be an advantage. 

The salary will, according to age. 
jualifications and experience, be on 
ane or other of the following scales:- 
rade IV-——£2,998 (Honours — Ist or 

2nd Class — £3,167) rising 
to £3,924 
IlI--£4,178 riisng to £6,898 

Further particulars and application 
‘arms may be obtained from the Secre- 
ary, the West of Scotland Agricultural 
College, Auchincruive, Ayr KA6 SHW 
with whom applications should be 
odged not later than March 2, 1979. 

9744(A) 








UNIVERSITY OF 


NEWCASTLE UPON TYNE 
DEPARTMENT OF i 
BIOCHEMISTRY 





POSTDOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for the post 
of SRC Postdoctoral Research Asso- 
slate to work on the kinetics of the 
zoupled transport of B-galactosides and 
protons into Escherichia coli Appli- 
zants with experience of pre-steady- 
state kinetics are particularly wanted 
but experience in the fields of mem- 
brane transport or bioenergetics would 
also be considered relevant. Further 
details may be obtained from Dr L C. 
West. 

The apopintment will be for three 
years, starting as soon as possible. The 
starting will be al the appropriate 
point on the IA Research Associate 
scale (£4,382 at age 26, under review). 

Applications, including a ecurricufum 
witae and the names of two referees, 
should be sent to the Administrative 
Assistant, Department of Biochemistry, 
The University of Newcastle upon 
Tyne, Newcastle upon Tyne, NEL 7RU. 

9745(A) 





THE 
ROYAL FREE HOSPITAL 
HAMPSTEAD 


MEDICAL PHYSICS 
TECHNICIAN GRADE I 


Salary Scale: £5,787 to £6,576 per 
annum (including all allowances) 

To be in charge of large inter- 
departmental Mechanical Work- 
shops based in one of London's 
largest and most modern Hospital/ 
Medical School complexes. 

The Workshop is responsible for 
making scientific and research 
equipment required by a variety of 
Hospital and Medical School De- 
partments, 

The successful applicant — will 
have had extensive closely related 
experience in a multi-user Depart- 
ment and have proven ability to 
supervise the work of junior staff. 

Candidates must possess either 
a recognised formal qualification or 
à minimum of 9 years’ experience 
in a relevant field. 

Application form (to be returned 
by March 7, 1979) and Job De- 
scription available from the Per- 
sonnel Departments, The Royal 
Free Hospital, Pond Street, Hamp- 
stead, London. NW3 706. Tele- 
phone: 794-0500. Ext, 4286. Please 
quote ref: 0762. 

Camden ande Islington Area 
Health Authority (T) 





9718А З 











OVERSEAS 
DEVELOPMENT 


KNOW-HOW : vital to developing countries 





Agricultural Entomologist - Tropical Agricultural Mission 
Bolivia 


To work with Sugar Cane Growers Association’s (CIMCA) research team on research 
station north of Santa Cruz. To carry out an integrated contro! programme on pests in sugar 
cane involving both insecticidal and biological control methods in additicn to testing of 
resistant material. Will also be required to train local staff in sugar cane pest control methods. 


Appointment 2 years, salary (UK taxable) in range £6,400 to £8,400 p.a., plus variable tax- 
free overseas allowance in range £1,440 to £2,825 p.a. (Ref. 331X) 





= а 
Crop Physiologist Botswana 
To work as part of a 3-man team including Tropical Agronomist and Soil Physicist fora 
Dryland Farming Research Scheme—Phase Ill, situated at the Agricultural Research Station, 
Gaborone, Botswana. 


The crop physiologist will study the edaphic and aerial factors which are optimum for crop 
growth (mainly sorghum). This work will include the study of water and energy balances 
of the sorghum crop by analysing the climate in relation to crop growth, water use and also 
the soil physical properties. Specific studies are also necessary on the role of night tempera- 
tures on grain development and yield. The successful candidate will work to a Team Leader 
chosen from the Team. Applicants should have a degree in science or agricultural science 
with research experience in plant physiology and preferably overseas experience, 


Appointment 3 years, salary (UK taxable) in range £5,700 to £9,700 p.a., plus tax free over- 
seas allowance in range £1,360 to £3,375 p.a. (Ref. 331X). 





These posts are wholly financed by the British Government under Britain's 
programme of aid to the developing countries. [n addition to basic salary and 
overseas allowances other benefits normally include paid leave, free family 
passages, childrens education allowances and holiday vísits, free accommodation 
and medical attention. Applicants should be citizens of the United Kingdom. 


For full details and application form please apply, quoting reference stating 
post concerned, and giving details of age, qualifications and experience to:— 


Appointments Officer, 

MINISTRY OF OVERSEAS DEVELOPMENT, 

Room 301, Eland House. 

Stag Place, London SWIE 5DH S764, A) 


ODM HELPING NATIONS HELP THEMSELVES 
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Plant Protection Division Jealott's Hill Research 
Station have the following vacancies In the Botany 
Section of the Biological Research Group: е 


Technical Officer 


Plant Physiologist-Ref DS/Bot 1 


A plant physlologist with PhD or equrvalent quallfication із 


required to азе in the discovery and evaluation of new 
herbicides. Experience of expenmental work in controlled 
environment rooms and under glasshouse conditions is 
desirable. The person appointed will join a multidisciplinary 
project team and will be responsible for the work of two small 
experimental teams which Include graduate level staff. 


Experimental Officer 
Plant Physiologist-Ref SRS/Bot 2 


A graduate plant physiologist with 2/3 years’ relevant expenence 
ls required to join a team carrying out experiments In controlled 
environment rooms and glasshouses on new herbicides The 
Job holder will supervise a team of опе or two assistants and 
will respond to the Technical Officer with overall responsibility 


for the work programme. 


Experimental Officer 
Field Trials-Ref SRS/Bot 3 


A graduate with a degree іп Botany or Agncultural Sclences 
and at least two years’ practical ехрепепсе of field 
axpenmentation is required to organise and perform the initial 
field screening of Plant Growth Regulators. The person 
appolnted will respond to a Technical Officer wrth overall 
responsibility for the work programme. 


Jealott's Hill Research Station is sttuated on a pleasant country 
astate between Bracknell and Maldenhead and subsidised 
coaches run to and from Jealott's Hill and these two towns 
We offer good salaries and fnnge benefits include membership 
of the ICI Profit Shanng Scheme and Pension Fund. We have a 
good self service restaurant and recreation club on site. 


If you are Interested In any of these vacancies please write for 
an application form quoting reference number to: 


Personnel Officer 
ICI Plant Protection Division 
Jealott's Hill Station 
recknell 
Berkshire 


AGRICULTURAL 
RESEARCH COUNCIL 


Institute of Animal Physiology 
Babraham, Cambrid 2 4AT 
Department 


A rgo етм in t 
of Celi Biology for someone to carry 
out basio research on develo ма! 
problems of intestinal physiology or 
on ultrastructural aspects of cell func- 
tion. The n appointed will be 
expected to have already made a 
significant contribution to research 
using one ог more of the following 
techniques; cell separation and culture, 
immunocytocheruutry, membrane bio- 
chemistry ог electron  mxroscopy 
Apphcant should have a first class or 
upper second class honours degree in 
a relevant subject with at loast four 

post-qualifying experience Рге— 
Terence for PhD Appointment in 

of Senior Scientific Offcer 
КЫ 154 to £6,898 рег annum) ‘ Non- 
contributory superannuation scheme. 
Application form and further details 
may be obtained from the Secretary of 
the Institute Quote refereme C W.R 6 
Closing date. March 12, 1979 

9738(À) 





9719(А) 


Plant Protection 
Division 








DEPARTMENT OF GEOLOGY 
DALHOUSIE UNIVERSITY 
Halifax, Nova Scotia 


The Department has as vacancy for 
а geologist with broad interests, pre- 
ferably in the general fields of miner- 
alogy, petrology, structural geology, 
economic geology, or geochemust He 
or she would expected to ріву а 
full part in teaching at the under- 
graduate and graduate level, and im 
research rogrammes with graduate 
students e Department covers a wide 
range of interests and has good facili- 
пев It carries out cooperative work 
with the NS Department of Mines 
and has close ties with the Bedford 
Institute. of age The ar 
pointment will be made as soon 

ble at the Assistant: or Ге 
rofessor level, with appropriate salary 
Canadians studying abroad are urged to 
apply Further details may be obtained 
from the Acting Chairman, Depart- 
ment of Geology. Dalhousie Univer- 
sity, Halifax. Nova Scotia, 
B3H 3J5 


UNIVERSITY OF 
DAR ES SALAAM 


TANZANIA 


Applications are invited 
for the following posts 
in the 


DEPARTMENT OF GEOGRAPHY 
LECTURER/SENIOR LECTURER 
IN REGIONAL PLANNING 


A nts should preferably have a 
Ph.D. in the relevant area In addi- 


appointee wil be required to teach 
two undergraduate courses and at 
least one postgraduate course ш 
Urben and regional planning as well 
as supervise research related to his/ 
ber field of specialmaton. 


LECTURER/SENIOR LECTURER 
IN BIOGEOGRAPHY 

Applicants sbould have а post- 

uate traning to Ph.D. level pre 
erably with research cxperience 1n 
tropical sotils and vegetation The 
appointee will be expected to teach 
two undergraduate courses in soils and 
vegetation, tropical ecosystems and 
environmental management. In addi- 
tron he/she wil be expected to 
teach a postgraduate course. 'Asecm- 
ment and use of the environment ш 


carry 
his/ber field of 


LECTURER/SENIOR LECTURER 
IN URBAN GEOGRAPHY 


Applicants зош have a Ph D. as 
well as experience in teaching and 
radical geographical onen- 
be an addod advantage 
Duties wil include teaching under- 
graduate courses in urban geography to 
second and third year students and 
organisation of seminars and 
projects for postgraduate students 

Salary scales: (Salaries oxclusive of 
50 per cent expatriation allowance), 
Senior Lecturer. £T1,980. to £12,480 
per annum, Lecturer £71,620 to 
£71,980 per annum (£T! equals £122 
sterling). The British Government may 
supplement salaries in range £4,356 to 
£4,782 per annum (sterling) for 
marned appointees and £2,754 to 
£3,018 per annum (sterling) for single 
appointees (reviewed annually and 
normally free of tax) and provide 
children’s education allowances and 
holday visit passages. Family pemegrs, 
FSS biennial overseas leave 
Detailed’ applicatrons (two copies) with 
curriculum vitae and naming three 
referees to be sent direct to Ctuof 
Univermty of Dar 
es Salaam, P.O. Box 30197, Dar es 
Salaam, Tanzania by April 8, 1979 
Applicants resident in the U K. should 
also send one copy to Inter-Unlverzity 
Council, 90/91 Tottenham Court Road, 
London WIP ODT Further detada 
may be obtained from either 
address 9758(А) 





THE CITY UNIVERSITY 
CHEMICAL ENERGY 
RESEARCH UNIT 


POSTDOCTORAL 
SCIENTISTS 


for staff positions in the above 
Unit The objective of the Unit з 
to provide research and consult- 
ancy services on energy to industry 
and government departments 
Candidates should have research 


experience in one of the following 


areas  Electrochemistry, Corrosion 
Science, Gas Phase Catalysis, Solid 
State Chemutry 

Salary within the range £3,883 to 

plus #450 

and USS 

Applications, t her 

with the names of two referees 
should be sent to Dr A C C 

Tseung. Director, Chemical Energy 

Research Unit. The City Univer- 

sity, Northampton ROM London 
ECIV 0HB 762(А) 











MONASH UNIVERSITY 
Melbourne, Australia 


CHAIR OF PHYSIOLOG 


Monash University ix seeking t 
the pomtion of Professor of Phys 
which became vacant on the retire 
of Professor A K Mcintyre Tbe 
Professor will be expected to as 
Chairmanship of the Departmen 
arrangement with the present C 
man and take the leadership roi 
organising the teaching and rex 
functions of the Department 

The Department has recently m 
into a new building providing 4,0 
of net space well equipped for tesc 
and research activities. 

The ment teaches extens 
in. the Faculties of Medicine 
Sclence There и a significant Ног 
programme and graduate school : 
ponent of the Department's teac 
activities, 

The present research interests ol 
Department are in neuropharmaco 
Neurophynology, endocrinology, t 
structure and muscle physiology. 
appointee should be an = establ 
scientist whose feld of interest c 
be within or complementary to on 
theee areas 

Detailed information about the 
partment can be obtained from 
Chairman, Professor R Porter, in 
University and persons interested 
invited to wmte to him 

Salary $A33,061 per annum 
pre-clinical loading of $A2,500 
anoum will be paid to a medu 
ualifed appointee Superannua 
ravel and removal allowance 

Application procedure and fui 
perticulars available from the Acad 
Registrar, Monash University, Cla: 
Vectona, 3168, Australia, or the S. 
tary General, Association of Comi 
wealth Universities (Appts) 36 Go 
Square, London WCIH ОРЕ 

Applications should 


1979. The Council res 
the right to make no appointmen 
to appoint by invitation at апу x 
1 





AUSTRALIAN 


NATIONAL UNIVERSIT 
THE JOHN CURTIN SCHOOL 
MEDICAL RESEARCH 


DIRECTOR 


The University secks to аррон 
Head of the John Curtin School 
Medical Research to succeed Profe 
F. Gibson, FAA, FRS, whose cur 
term as Director expires on Decer 
31, 1979, and who does not sock 
extension of his appointment 
Director 

The Head of a Research Scho 
responsible through the Vice-Chanc: 
to the Univermty Council for 
operation and development of 
School and for its administration 
financial management 

Tbe Director should have acad: 


expenence within the discip: 
appropriate to the School and 
preferably be medically qualified 


resent interests of the School emb 
1ochemutry, clinical science, ex 
mental pathology, human biol 
immunology, medical chemistry, m: 
biology, pharmscology, physical 
chemistry and ph той, Staff 
engogod їп researc the trai 
of postgraduate students the Sc 
has no undergraduate students 
The Director will also hold a C 
in the University The term of o 
as Director will be а matter for ay 
ment with the University but is 
normally for less than three years 
more than seven, with the possit 
of extennon for a further pe: 
Appointment as professor 13 
retiring age, ie the end of the 
in which the professor reaches the 
of 65 years, with the option of ret 
at anv age after age 60 
Those who may be interestec 
being considered for this appoint: 
are invited to, pento, as soon 
possible to the UN. ncellor, 
Austin Nationyt Un'versity, 
Box 4, Canberra, 2600, Austr 
from whom furt SP, * information 
be obtained 
О E Dicker, Reustri 
980. 
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Ministry of Agriculture Fisheries and Food 


ROYAL BOTANIC GARDENS 
WAKEHURST PLACE, ARDINGLY, SUSSEX 


Forest Tree Seed 
Physiologist 


required to investigate the physiology of loss of viability in 
stored seeds of tropical forest trees with a view to over- 
coming the present difficulties encountered 
collection, transportation and storage. The work will 
involve determining and quantifying the “orthodox” or 
“recalcitrant” nature of their storage physiology; this 
aspect will be carried out at Wakehurst Place. The develop- 
ment of the results into practical and proven techniques 
will necessitate considerable periods of individual field 
work in the latter part of the project. Close co-operation 
with the Commonwealth Forestry Institute in the selection 
of species for investigation is essential. The appointment 
will be for a period of 3 years. 


QUALIFICATIONS: An honours degree in botany, biology 
or forestry with at least 2 years relevant post graduate 


experience. 


AGE: Applicants should preferably be under 30 years of age 


on 31 December 1979. 


SALARY: Will be at higher scientific officer level—£4,101 


rising to £4,415 per annum. 


Application forms (for return by 8 March 1979) can be 
obtained from Miss S. Stephens, Ministry of Agriculture, 
Fisheries and Food, Room 504, Victory House, 30-34 
Kingsway, London WC2B 6TU (telephone: 01-405 4310 


extn. 318 or 319). 


UNIVERSITY OF SURREY 
DEPARTMENT OF 


BIOCHEMISTRY 
RESEARCH FELLOW 

Applications are invited for a posi- 
ion to work with Dr R. S. Jones and 
rofessor D. V. W. Parke on an A.R.C, 
upported project concerned with an 
spect of environmental carcinogenesis. 
Applicants (male or female) should be 
raduates of either chemistry or bio- 
hemistry and possess a Ph.D. /D.Phil. 
The appointment is for a period of 
years and will commence as soon as 
vossible at a starting salary within the 
ange of £3,883 to £6,553 per annum 
Range 1A). 

Applications, in the form of a curri- 
ulum vitae, including the names and 
ddresses of two referees, should be 
ent to the Assistant Secretary (Per- 
onneD, University of Surrey, Guild- 
ord, Surrey, GU2 SXH, to be received 
y March 15, 1979, 

Further information may be obtained 
rom Dr К. S. Jones, in the Depart- 
nent of Biochemistry. 9728(CA) 





UNIVERSITY OF 
SALFORD 


DEPARTMENT OF 
CHEMISTRY AND 
APPLIED CHEMISTRY 


POSTDOCTORAL 
RESEARCH FELLOW 

Required for a project spon- 
sored by Pfizer Central Research, 
entitled. ‘Studies on the Synthesis 
of novel beta-—Lactam Antibiotics’ 
under the supervision of Dr S. M. 
Roberts. The appointment is ten- 
able for one year in the first 
instance, commencing October 1, 
1979. 

Commencing salary within the 
rangei- £3,883 to £4,382 p.a, (un- 
der review) USS. 

Application forms obtainable 
from the Registrar, University of 
Salford, Salford M5 4WT (tel: 061- 
736 5843 ext. 214) to whom com- 





pleted applications — should be 
returned by not later than March 
31, 1979, quoting reference no. 


CH/284/N 9776: А 





in their 


9736(A) 


UNIVERSITY OF ESSEX 
Department of Chemistry 
TEMPORARY LECTURESHIP 
IN ORGANIC CHEMISTRY 
Applications are invited for a one- 
year Lectureship commencing Oct- 
ober 1, 1979 on salary scale £3,883 to 

£7,754 (under review). 

Applications (two copies), including 
à curriculum vitae and the names and 
addresses of two academic referees, 
should reach :he Registrar (AG/69/N), 
University of Essex, Wivenhoe Park. 
Colchester CO4 350, from whom 
further particulars may be obtained, 
by March 31, 1979. 9717(A) 





THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(University of London) 

RESEARCH TECHNICIAN 

Applications are invited for the post 

of Research Technician within a small 

team investigating the physical bio- 
chemistry of connective tissue, under 

a programme grant which is supported 

by the M.R.C. Candidates should be in 

possession of City and Guilds, H.N.C. 

or equivalent in chemistry and should 


have had experience in quantitative 
analysis. Inclusive initial salary 
related to qualifications and experi- 
ence will be £3,711 to £4,263 per 
annum, 

Enquiries to Dr A. Maroudas, Tel: 
01-247 5454, Ext. 421. Application 
forms from The Secretary, The 
London Hospital Medical College, 


Turner Street, London E! 2AD, quot- 
ing reference RTBJU/2/79, 9727(А) 














POSTDOCTORAL 
work on the 
effect of vaccines 


POSITION for 
reticulo-stimulating 
from | anaerobic 
coryneforms C, parvum — vaccines), 
Applicants should have major ínterest 
in biochemistry and cell fractionation 
procedures, Send curriculum vitae and 
names and addresses of three referees 
to Dr С. S. Cummins. Anaerobe 
Laboratory, Viginia Polvtechnic. fasti- 
tute and State Universitv, Blacksburg, 
Va. 24061. An Eaual Opportunity/ 
Affirmative Action Employer, | 
9737(A) 
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Ministry of Agriculture, Fisheries 
and Food 
Food Science Division, London 


Chemist/ 
Biochemist 


This post is in the Food Surveillance Section, 
which assists the Division in providing an advisory 
service on all aspects of food science, food 
technology and human nutrition, both at home 
and abroad. 

The chemist biochemist appoinsed will act as 
scientific secretary to the Steering Group on Food 
Surveillance and working parties on the Monitor- 
ing of Foodstuffs for Heavy Metals. The work will 
involve administering food su-veillance pro- 
grammes designed to determine the incidence of 
contaminants in food, identifying areas of future 
observation, preparing reviews and committee 
papers and presenting data in official reports. 
Candidates, normally aged under 32, should have 
a good honours degree in chemistry, biochemistry 
or closely related discipline. At least 4 years’ post- 
graduate experience, preferably including know- 
ledge of mycology, analytical chemistry, food 
technology and toxicology, is essencial. The ability 
to prepare technical papers and reports advant- 
ageous. 

Appointment as Senior Scientific Officer (£5620- 
£7360) with starting salary according to qualifica- 
tions and experience. Promotion prospects. Non- 
contributory pension scheme. 

For further details and an аррісагоп form (to be 
returned by 23 March 1979) write so Civil Service 
Commission, Alencon Link, Basingstoke, Hants, 
RG21 1]B, or telephone Basingstoke (0256) 68551 
(answering service operates outside office hours}, 
Please quote ref: SB/36; AE. 








Department of Agriculture and 
Fisheries for Scotland, 
East Craigs, Edinburgh 


Agricultural 
Botanist 


... to join a small team testing new varieties of 
fodder crop species to establish the r distinctness, 
uniformity and stability. The agriculturalist 
appointed will assess the field performance of new 
species under Scottish conditions and undertake 
statutory certification of seed stocks 

Candidates, normally aged under 35, should have 
a good honours degree or equ valent in an 
appropriate discipline. At least 2 vears’ relevant 
post-graduate experience is essential. An interest 
in modern taxonomic methods and experience of 
herbage variety testing is highly desirable. 
Appointment as Higher Scientific Officer (£/4100- 
£5450) with starting salary accordir g to qualifica- 
tions and experience. Promotion prospects, Non- 
contributory pension scheme. 

For further details and an applicatien form (to be 
returned. by 23 March 1979) wrhe to Scottish 
Office, Personnel Division, PM(FTS)3, Room 
404, 16 Waterloo Place, Edinburgh, or telephone 
Edinburgh 031-557 8400 ext 4311/5088. Please 
quote ref: SA/18/DLA. 


ALL THESE POSTS 
ARE OPEN TOMEN AND WOMEN. 


E. 
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Open to both 
men and women 


(109-025-026) 


Salary: $16,500 — $34,045 
Ref. No: 78-NCRSO-32-143 (N ) 
Fisheries and the Environment 
Ocean and Aquatic Sciences 

Bedford Institute of Oceanography 
Dartmouth, Mova Scotia 


The successful candidate will plar and conduct research on 
the physical processes which determine biological producti- 
vity on continental shelves, with a special emphasis on the 
role of tidal dynamics. The duties will involve participation 
in work at sea and extensive use of numerical simulation 


and analysis techniques. 


Qualifications 


Applicants must possess a Ph.D., or a lesser degree with 
evidence of research experience and productivity to a doc- 
torate, in physical oceanography, physics, applied mathe- 
matics or a related field. Research experience and a 
demonstrated capacity to make original contributions in 
the study of continental shelf oceanography, particularly 
in the area of tidally-included shallow-water frontal sys- 
terns, is required. Knowledge of English is essential. 


How to Apply 


Send your application form and/or résumé to: 


D.E. Fraser 


National Capital Region Staffing Office 
Public Service Commission of Canada 


Ottawa, Ontario K1A OM7 
Closing Date: March 26, 1979 





PHYSICAL OCEANOGRAPHER 
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Please quote the applicable reference number at all times. 












UNIVERSITY OF OXFORD 
UNIVERSITY LECTURESHIP 
IN CLINICAL MEDICINE 


Applications are invited from 
medically-quatified candidates for the 
above post (vacant from September 1. 
1979), Stipend on the scale £6,591 
to £7,696; an honorary consultant con- 
tract may be available for a suitably 
qualified appointee in which case the 
stipend will he on the scale £9,528 to 
£12,084. The successful candidate 
will be expected to work in the field 
of immunology. Applications (seven 
typed соліеѕ, one from overseas appli- 
cants) to Professor D. J. Weatherall, 
Nuffield Department of Clinical Medi- 
cine, Radcliffe Infirmary, Oxford, 
from whom further particulars may be 
obtained, by April i, 1979. 9715(A) 





QUEEN MARY COLLEGE 
University of London 

MATHEMATICS 

DEPARTMENT 

invited for appoint- 


Applications are 


given to applicants whose r 
complement 








pers of other De 





s £450 London 
Application forms and fi 
from The R 


(under review? p 





FLINDERS 
MEDICAL CENTRE 
Adelaide, South Australia 


HOSPITAL SCIENTIST 
OIC ROUTINE 
MICROBIOLOGY 


Flinders Medical Centre is an 
integrated university medical school 
and teaching hospital of 900 beds. 
the DcrAmrim.NI ОК CLINI- 
CAL MICROBIOLOGY with a 
staff of 25 and headed by Assoc. 
Prof. P. J. McDonald is responsible 
for diagnostic services as well as 
clinical microbiology teaching and 
research with the School of Medi- 
cine, Flinders University. 

The Department is presently 
divided into several sections includ- 
ing serology, virology, chlamydia, 
anerobic and cellular research and 
routine microbiology. Applications 
are invited for the position of 
OFFICER-IN-CHARGE -- ROU- 
TINE | MICROBIOLOGY. This 
section, the largest ín the Depart- 
ment, handles the routine diagnos- 
tic areas of bacteriology (including 
anaerobes and T.B.) parasitology 
and mycology. Approximately 3000 
specimens are processed monthly. 

The successful appicant will have 
had several years’ experience in 
medical microbiology including 
diagnostic, teaching and develop- 
mental research responsibilities and 
by keeping abreast of current 
literature will be innovative in ap- 
proach to diagnostic methods, The 
position itself carries responsib 

in the area of routine methods, 

luative projects and in-service 

training of staff as well as partici- 

pation in the teaching of medical 

students and the departments re- 
h programs. 

ary is within the range 

А10.891 to $A17.331 and it is ex- 
pected the appointment will be 
made at the upper end of the 
range. After an initial period, per- 
sonal reclassification to a higher 
zale is possible. A proportion of 
removal expenses will be provided. 

Applications stating full curri- 
culum vitae and confidential let- 
ters of recommendation pertaining 
io the position. from two referees 
should reach The Administrator, 
Flinders Medical Centre, Bedford 
Park, South Australia, 5042 по 
later than March 27. 

Further enquiries should һе 
directed to the Senior Microhiolo- 
gist, Mr T. R. Grimmond. Tele- 
phone 03-2759911. 9750(A) 











ST. GEORGE'S HOSPITAL 
MEDICAL SCHOOL 
(University of London) 

POSTDOCTORAL 
RESEARCH ASSISTANT 
IN BIOCHEMISTRY 
Applications are invited for a post- 
doctoral biochemist to work,in colla- 
boration with Dr Anne Grant and Pro- 
fessor J. Hermon-Taylor on the bio- 
chemistry and surface components of 
human pancreatic and other cancer 
celis in tissue culture. The post, sup- 
ported by the Cancer Research Cam- 
paign, is available immediately and 
runs until December 31, 1981 with 
the possibility of extension. Salary in 
the range £5,58f to £6,612 (under re- 
view). Further particulars and applica- 

tions forms available from Professor J. 

Hermon-Taylor (01-672-1255 Ех 471% 

Department of Surgery, or the Estab- 

lishment Officer, St George's Hospital 

Medical Scholl. Cranmer — Terrace, 

London SW17 ORE. 9724(A) 











POSTDOCTORAL POSITION IN 
MOLE VIROLOGY.  Avail- 
able from April 1, 1979 to study early 
interaction between animal viruses and 
cells. Reply with resumé to: Dr Alfred 
T. H. Burness, Faculty of Medicine, 
Memorial University of Newfoundland. 
St John's Newfoundland, Canada, AIB 


3V6. 9752(A 








LABORATORY TENTIFIC OF 
CER, with  H.N.C. or equiva 
qualification tor Junior Labora 
Scientific Officer of high qua 
required as soon as possible for 
year to complete an M.R.C.-suppo 
study on cytomegalovirus infection 
Department of Microbiology. Exp 
ence in virology or cell cul 
essential. Salary for qualified Lab 
tory Scientific Officer nor tess t 
£3,261 plus £354 London Weight 
Applications with full details 
names of two referees to the Secret 
Guy's Hospital Medical Schoo!, Lon 
Bridge SEL ORT, quoting Ref. M 
9795(2 














TECHNICIAN (Grade 6) required 
Department of — Microbiology, 1 
versity of Reading. to supervise 
servicing of practical c and 
production of microbiological m: 
and sterile materials for teaching 
research, lary in scale £3,654 
£4,365 p.a. (under review), Apply 
further details quoting Ref. Т.М. | 
to Assistant Bursar (Personnel), t 
versit of Reading. Whiteknig 
Reading, Berks, RG6 2AH, 9791A 




















MEDICAL RESEARCH 
COUNCIL LABORATORY 
OF MOLECULAR BIOLOC 


Applications are invited for a | 
requiring research on the structure 
chromat The person appointed 
be expected to pursue biochem 
studies as a member of a resea 
group working on the biochemistry 
three dimensional structure of nuc 
somes and higher order structu 
Experience in protein and nucleic a 
chemistry would be an adva 

The appointment will E 
years in the first i 
October 1, 1979. Candi must h 
at least an upper second s hono 
degree d three years relevant p 
graduate experience. 

Salary on scale starting “rom £4, 
per annum. 

Applications, with full curricul 
vitae and names of two referees, sho 
be sent to the Administrative Sec 
tary, M.R.C. Laboratory of Molecu 
Biology, The Medical School, H 
Road, Cambridge CB2 20H, to 
received nor later than March 
1979. 9806(A. 















Start 














UNIVERSITY OF MA 
STER. There is à vacancy foi 
HNICIAN (Grade 5, Univer: 
Scale) in the biochemical re 
laboratories of the clinical depi 
ments at the Medical School (Stapf. 
Building. Applicants should have 
least eight wears experience in 
clinical chernistry or biochemical ] 
oratory and possess  A.T.M.L.S. 
H.N.C. in appropriate subjects, 

Salary scale (under review) £3, 
to £3,720 per annum. 

Applications, quoting two refer 
should be sent as soon as possible 
Professor P. H. Adams, Department 
Medicine, Royal Infirmary, M. 
chester МІЗ OWL from whom furt 
particulars may be obtained. 
9760(A 












UNIVERSITY OF GLASGO 
SECOND CHAIR 
OF ZOOLOGY 


The University invites applicati 
for a second chair in its Departm 
of Zoology. | 

Further particulars may be obtair 
from the Secretary of the Univers 
Court (Room 18} University 
Glasgow, Glasgow G12 8QQ. w 
whom applications (15 copies; c 
copy in the case of overseas арр 
canis) giving the names and addres 
of three referees, should be lodged 
or before March 16, 1979. 

in reply please quote Ref, ? 
4270. 9710(A 
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- MEDICAL RESEARCH 
COUNCIL 
Radiobiology Unit, Harwell 
MAMMALIAN GENETICIST 


OR CYTOGENETICIST 


A scientist 13 needed to join a group 
studying the genetic effects of radiation 


уап 

Possible fupe MAR include 
(1) comparison o »engtvity to 
) of mammalian 


оп methods studying chromo- 
moms changes in oocytes and early 


embryos, 
(1) studos of the causes of chromo- 
somal non-disjunction in mammals 
(uf) factors affecting the sensitivity of 
oocytes to mutagenesis. 

There are excellent research facili- 
tie. The Unit also includes groups 
studying ocell mutation, cytogenetics, 

, and effects of radionuclides. 


OXIÍ ORD, from whom further par- 
ticulars may be obtained. 9733(А) 





UNIVERSITY OF BATH 
BIOCHEMISTRY GROUP 


RESEARCH OFFICER 


required to work with Dr D. Hough 
on а S.R.C.-supported project to 


human lymphocytes’, The work will 
include mauntenance of lymphosd celi 
cultures, radiolabelling and radio- 
immunoassay of membrane immuno- 


gilobulins. Persons 
Ме in July may be considered for 
this post, which is avaiable for two 

years 

Commencing salary £3,384 per 
annum (under review 

A оп forms from the Person- 
nel , Unuverstty of Bath, Bath 
BA2 7AY, quoting reference number 
79/20/N. Closing date will be March 
6, 1 9706 (А) 





UNIVERSITY 
OF STIRLING 


DEPARTMENT OF 
BIOCHEMISTRY 


CHIEF TECHNICIAN 


Appleations are invited for the 
post of Chief Technician in Bio- 
chemistry The successful candidate 
will supervise the technical staff 
in the department and will be in 
c of the teaching laboratones. 
Candidates should hold an HNC 
or equivalent qualification and 
should bave cxperienco in bio- 
chemistry or related area The post 
ш tenable from Apri! 1979 The 
salary wil be wj;thin the Grade 6 
scale £3,654 to, 124.365 (under re- 
view) 

Further particulars may be ob- 
tained from ‘The University Sec- 
retary, Uniybeatty,. of = Stirling, 
Surhng FK9 БА 


Closmg da for aie ta 


March 7 9713(A) 

















Wellcome 


Pathologist- Toxicologist 


to join the Pathology Department of The Wellcome Research Laboratories tocated in 
Beckenham, Kent. 


The Department is responsible for safety evaluation of new drugs and biologicals, Including 
vaccines, for assessment and development of toxicological teat methods, anc rt collaborates 
wrth other research workers at Beckenham and elsewhere within the Group ~he staff of the 
Department numbers about 70 people, including 12 graduates, and rt has extensive 
facilities, including ample resources for many different types of research. 


The successful applicant will report to the Head of the Department ,and take part in the 
routine work and research of the Department. Much of the work is based on morbid anatomy 
and experience of human or veterinary pathology is necessary. Knowledge of laboratory 
animal pathology would be advantageous, but it is not essential as further training could be 
given. Proven interest in research would be of value. 


Applicants should have a medical or vetennary qualification and preferably a higher degree 
or qualification of the Royal College of Pathologists. 


The Laboratones are situated in pleasant parkland surroundings within easy reach of Central 
London and conditions of employment are excellent and include subsidisec canteen, 
pension scheme, 4 weeks’ holiday, relocation expenses where eppropriate end sports and 
social facilities, 


Please write to 


Р. C. Anderson, Personnel Assistant, 

The Wellcome Research Laboratories, 

Langley Court, 

Beckenham, Kent BR3 3BS. 9732(A) 


UNIVERSITY OF LONDON 





KING'S COLLEGE 


TECHNICIAN GRADE 3 


Required for Electron Microscope 
Unit of the Anatomy Department to NP . к 
work under the direction of Grade 5 invites applications for the post of 
Technxian The unit has an AEI EM 
6B and a new JEOL CXIOO with 


scanning facility and carries out work HEAD F TH D 
for other de ts of the college 


THE GERMAN CANCER RESEARCH CENTRE 
in Heidelberg (Federal Republic of Germany) 


Applicants s possess an O.N.C : 
ог татав чЧапбсапоп and have (Abteilungsleiter) 
ree years’ laboratory experience 


len on scale 13,153 per annum 


(ander ‘rence, Four wears ашшы | {| MOLEGULAR BIOLOGY OF THE CELL 


holiday Mei d pension scheme 
Apply in writing th full details to 


The Head Clerk (Ref  210230/N), The applicant should have experience in research on 
King’s College London, Strand WC2R PP 75 pen ш 


9725(A) structures of the nuclear genome and/or the regulation 
of gene activity at the molecular level. 


Preference will be given to candidates with experience 
in methods of isolation and cloning of genes and gene 
UNIVERSITY OF LONDON fragments. 

KING'S COLLEGE 


RESEARCH TECHNICIAN 


The applicant should be prepared tc cooperate closely 
with other divisions in the German Cancer Research 





GRAD ijs 
ER Centre; modern laboratory facilities апі access to central 
Required In Do nt of Phymcs, А s 
to work with Sold Stato Phyncs services are provided. 


Group. Маш responsibilities will be 


Se UR Gt eek ИЕ Applications, together with a list of publications, should 


t f l Pref H i : 
[е given to apphcants with expenence | | Oe sent by April 30, 1979 to: 


in either electronics or high vacuum 


and стуовопю Rees err Deutsches Krebsforschungszentrum, 

Salary ann . . 
inclusive (onder fomew)! rising E Stiftungsvorstand, Im Neuenheimer Feld 280, 
га ri r a енн | р 6900 Heidelberg 1, Federal Republic of Germany. 
scheme. Apply in инса ed with full 9742(A) 
details to: The Head erk (йс 


210232/N), King's College London, 











Strand WC2R 2LS 9726(A) 


Veterinary Research 


The Ministry of Agriculture, Fisheries 
and Food needs Research Officers in its 
veterinary laboratories at Weybridge and 
Shinfleld. The main work of these 
laboratories is research into animal 
diseases and the means of dealing with 
them: examinations in connection with 
scheduled diseases and official control 
schemes are also carried out and certain 
biological products are prepared. Newly 
appointed Research Officers normally 
spend part of their first two years in 
training. During their careers they will 
broaden their experience by working on 
a variety of research subjects. 

Central Veterinary Laboratory, 
Weybridge 

In the Departments of Biological 
Products and Standards, Biochemistry, 
Diseases of Breeding, Bacteriology, and 
Virology. 

Cattle Breeding Centre, Shinfield 


Candidates should normally be members 

of the Royal College of Veterinary . 
or expect to qualify in 1979, but 

candidates with an honours degree in an 
appropriate science subject may be 
considered, providing they have had at 
least 2 years’ postgraduate practical 
experience in work relevant to veterinary 
science. 


Appointment will be as Research Officer 


* (Veterinary Service) with salary starting 


between £5,720 and £7,020, according to 
qualifications and experience, and rising 
to £8,240; Shinfleld figures £275 less. 
There are prospects of promotion to posts 
carrying salaries of £9,500 and above. 
Non-contributory pension scheme. 


For further details and an application 
form (to be returned by March 23, 1979) 
write to Civil Service Commission, 
Alencon Link, Basingstoke, Hants, RG21 
1JB, or telephone Basingstoke (0256) 68551 
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UNIVERSITY OF 
EDINBURGH 


THE EDINBURGH SCHOOL 
OF AGRICULTURE 


UNIVERSITY 
DEMONSTRATOR IN 
ANIMAL PRODUCTION 


DUCTION This ш a new and 
ш tenable for а period of up to 


involved ın demonstrations and 
practical Classes with farm animals 
ог postgraduate, graduate and 
H.N.D. studente. There will be 
involvement with lecturing and an 
Opportunity to develop research 
interests, 


Salary scale" £3,384 to £4,882 
per annum. 

Further details аго available 
from the Secretary to the Univer- 
mty, Old College, Sohth Bridgs, 
Edinburgh ЕН8 9YL to whom 


later than March 15, 1979. Píease 
quote Reference 1022, 976%А) 





For research into cattle and pig fertility (answering service operates outside office 


and problems of breeding. 





hours). Please quote S/5077/4. 9714(A) 








UNIVERSITY OF DAR ES SALAAM 
TANZANIA 


Appl.cations are invited for the following posts in the 
DEPARTMENT OF ZOOLOGY 


LECTURER/SENIOR LECTURER IN 


MARINE BIOLOGY (Fish Taxonomy/ Aquaculture) 
Applicants should hold a Ph D. with several years research and teaching 
ence in Fish Taxonomy and/or aquaculture intee will be 
required to organise undergraduate courses in Fish Taxonomy and/or 
aquaculture and to teach and supervise research in his/her subject arca 
at Ora што level, to organise and carry out research in fish taxonomy 
and biology. He/she will have to work in collaboration with other members 
of the Department in an integrated research programme 


LECTURER/SENIOR LECTURER IN 


MARINE BIOLOGY (Marine Ecologist) 

Applicants should have a Ph D. with severa] years reecarch and teaching 
expencoce in Benthic Eoology/Cora) reef ecology of tropical waters. The 
epee will be required to organise undergraduate courses in Marine 

logy and to teach in his/her area of specralisat:ion at postgraduate 
level; to plan and carry out research in Beüthic Ecology/Coral reef 
ecology He/she will have to work with other members of the Department 
in an integrated research programme. 


LECTURER/SENIOR LECTURER IN 


MARINE BIOLOGY (Fisheries Biology/Population Dynamics) 


Applicants should hold a Ph.D. with research and teaching experience 
in Fisheries biology especially in the area of fish population dynamics 
The appomtee will be required to organise undergraduate courses in 
Fisheries. biol and to teach and supervise research in his/her subject 
arca at postgraduate level, to organise and carry out research in Fisher es 
biology relevant to Tanzania He/she will be expected to work in collabora- 
tion. with other members of the Department in an integrated research 


e. 

Scales (Salaries are exclusive of 50% expatriation allowance). 
Senior Lecturer £T1,980 to £12,480 pa, Lecturer £11,620 to £T1,980 pa 
CETI=£1 22 sterling.) The Britsh Government may supplement salaries 
in range £4,356 to £4,782 pa (sterling) for шагпед appointees and £2,754 


to £3,018 pa (sterling) for e appountese (reviewed annually and 
normally free of tax) and children’s education allowances and 
ed applications (2 oopies) with curriculum vitae and naming 
holiday visit passages. Family FSSU., biennial overseas leave. 
3 referoes to be sent direct to Academic Officer, University of 
Dar es Salaam, P О. Box 35091, Der es Salaam, Таптапіа, by Apri 8, 
1979. 
Apphcants rendent in the U K should also send one copy to Inter- 
University Council, 90/91 Tottenham Court Road, London WIP ODT 
Further details may be obtained from either address 9798(А) 





UNIVERSITY OF 
AUCKLAND 
New Zealand 


tons are invited for the 


Apa) 36 
Square, London CIH ОРЕ. 
Applications in accordance with 


‘Method of Application’ will be 
accopted at any time up to March 31, 
1979. 


Commencing salary in accordance 
with qualifications and experience will 
bo established within the range for 
Lecturers or Sensor Lecturers, at 
present NZ$11,529 to NZ$16,780 per 
annum. 


ANALYST IN 
GEOCHEMISTRY 


Lecturer status: 
The position would suit a 5 


logy 
includes XRF, AA, DTA, TGA, IR, 
XRD, X-ray cameras, microprobe, 
PDP$ computer, and HP10 calculator 
and XY er, with accom to 


some of these research to In 
addition, it is od t the 
Analyst will p а perso 





UNIVERSITY OF MIAMI 
DEPARTMENT OF 
BIOCHEMISTRY AND 
MICROBIOLOGY 
Appbcations are invited for a 


POSTDOCTORAL 


RESEARCH ASSOCIATE 


to work with Dr D W Ribbons o 
the biochemical and geunstc organm 
tion of catabolic apthways in bactoru 
Previous experience in pathways of arc 
matic catebolum and/or mapping c 
platmid genes by in vivo and im уг 
techniques will be an advantage. 
Applications, which should includ 
a curnculum vitae and the пали 
and addresses of three referees shoul 
be sent by Apri 20, 1979 to Dr D. V 
Ribbons, Biochemistry, UMED. P C 
Box 016129, Miami, Fl 33101 US, 
from whom further particulars may b 
obtained. An equa! opportunity/affiri 
atve action employer 973%А) 


MEDICAL RESEARCH 
COUNCIL 
MAMMALIAN DEVELOPMENT 
UNIT 
UNIVERSITY COLLEGE LONDON 
A exists for a researc 
кепш lh postdoctoral experienc 
i mammalian development an 


geneics, to work on problems of 7 
vitro culture and chromosomal anal; 





UNIVERSITY COLLEGE LONDOP 
Research asustant requird to work o 
M.R.C.-wupported -'project studyin 


WCIE 6BT | 
5741(À) 


lature Vol. 277 22 February 1979 





UNIVERSITY OF 
BRADFORD 
LECTURER/ 

SENIOR LECTURER 
IN PHYSICS 


Applications invited from suit- 
ably qualified phyzxxists for a per- 
manent post which may be filled 
at either. Lecturer or Senior Lec- 
turer level The research interests 
of the School of Physics le in 
Physical Electronxs and Nuclear 
Structure Physics, and applicants 
should be well qualified to pursue 
research in one of these nelds 
Salarios within the rangos Lec- 
turer — £3,883 to £7,754 pa, 
Senior Lecturer — £7,506 to £9,263 

a Further  details/application 
forms from the Registrar, 

Ref PY/L/27/X, Univermty of 

Bradford, BD7 10Р They uld 

be returned by March 19, 1979 
9711(A) 








UNIVERSITY OF BRISTOL 
DEPARTMENT OF 
3 BIOCHEMISTRY 
Applications are invited for a 


OSTDOCTORAL ASSISTANT 


POST (RANGE 1А) 

› юш a prowcet funded by the 
Medical Research Council to develop 
itomats protein sequencing tech- 
dques in relation to three projects in 
us Department The projects involve 
nino acid sequence studies on ovo- 
‘aneferrin (Dr J. Williams), glycolytic 
uyma (Dr Н Muirhead) and the 
ythrocyte membrane anion transport 
coteln (Dr M J. A Tanner), and it 
hoped that the a Шер will also 
scome actively invo in one of 
46m 

The post n tenable for 2 years and 
available immediately Some previous 
«perience in protein chemistry and 
nino acid sequence methodology 
ould be desirable. 

Applicants should send a copy of 
xır curmculum vitae and the names 
' two academic referees to Dr 
4 J A Tanner, Department of p 
t , Univermty о ristol, 
aol Bas ITD, as soon as possible 

9793(A) 





ROYAL POSTGRADUATE 


MEDICAL SCHOOL 
DEPARTMENT OF MEDICINE 


POSTDOCTORAL 


IMMUNOLOGIST 


squired to work in the Immunological 
dedicine Unit, on the role of com- 
«oment in the induction of immuno- 
vgical responses in man and experi- 
rental animals The project is funded 
y the Medical Research Council and 
; for two years in the first instance 
Salary on the scale £3,910 to uu 
lus £450 London Allowance, ши 
lacing dependent on experience and 
aalifications 

Further details may be obtained 


Medicine, Ro Postgraduate Medical 
shool, 150 Cans Roed, London 


Application forts to be returned to 
16 nel Office, 150 Du Cano 
oed, London W12 OHS. 

9722(А) 





со and postdoctoral pore are атай- 
Ne for odisse on protein synthe- 


various 
"dibous of growth and derelop- 
ent Teaching opportunities available, 
oply with reams, to. Professor 
Н. Selir, p Laboratories ot 
Tolecular Biology, Faculty of Modi 
ne, Momorial Unrversity of New- 
undiand. 





Wellcome 


Senior Technician 


BIOCHEMICAL RESEARCH FROM £3,400 


to join the Biochemical Research Department of The Wellcome Research Laboratories, 
located at our main manufactunng site In Dartford, Kent 


The successful candidate will assist a scientist in endocrinological research, in particular 
on the mechanisms of polypeptide hormone secretion 


Candiates should be qualified to H.N.C. level In biclogy/chemistry or equivalant and have 
approximately two years’ relevant experience. There will be an opportunity for the successful 
candidate to progress by day-release to a B.Sc. degree 


The Wellcome Foundation Limited is a major Britsh-owned international phermaceutical 
organisation producing 8 wide range of chemical and pharmaceutical products 


Excellent benefrts include 4 weeks’ holiday, pension, life assurance and sick pay schemes, 
subsidised restaurant, first class sports and social facilities and generous assistance with 
relocation expenses, where appropriate. 


For further details and an application form, please write to or ring 
lan Gnffiths, Personnel Division, 

The Wellcome Foundation Limited, 

Dartford, Kent. 


Tel: Dartford (32) 23488, ext. 2061. 8731 (A) 


UNIVERSITY OF 

BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 
Applications are invited for a post of e 

LECTURER Director 
IN BIOCHEMISTRY 
tenable f October 1979. $ 
The succesful candidate will be National Center For Toxicological Research 

expected to be interested in mamma- 
ап and medical biochemlery and зр Food and Drug Administration 


participate in teaching and research 

in these areas A medical degree would 

be an advantage although 1з not The U.S Food and Drug Administration 13 seeking candidates for the 

емсппа! The Department provides position of Director of the National Center for Toxcclogical Research 

courses for science, medical and den- 

(al undergraduates Excellent facilities (NCTR) The Center, an Interagency facility, conducta research programs 
on the biological effects of potentially toxic chemical substances found in 


are available for most types of blio- 
chemical] research the human environment The Director of NCTR provides leadership and 





Salary within the range £3,883 to direction to all Center operations and provides scientifc laison between 
£7,754 pa (plus USS), depending on NCTR and other Government agencies, private organisations and the 
че, qualifications and experience worldwide academic, scientific and medical communities The Center ш 
с is ux G: Борте) taming. 3 located ın Jefferson, Arkansas and has a staff of approximately 600 
1979 to Ma L R Heyes agate employees The Center 1s well-equipped with sophisticated and modern 
Regutry, Univeruty of Birmingham, laboratories to support advanced research in virtually all arcas of 
Р О. Box 363, Birmingham B15 2TT, toxicology 
[ош ND further particulars шау FDA і looking for candidates of recognised scientific distinction and 

administrative ability Candidates should possess an advanced degrees in a 
relevant fleld of science (such as a Ph D in biochemistry, pharmacology, 
toxicology, or statnitics, an M D., or a D V M.) The position also 
requires appropriate research experience and an associrtíon with multi- 
disciplinary миев This is a Civil Service position that pays up to 
UNIVERSITY OF $47,500 per year In basc salary. The Director will also be eligible to 
LIVERPOOL receive performance bonuses and special stipends that may rosult in a 
DEPARTMENT OF higher total pay This position has been designated for inclusion in the 
o oG HY Federal Governments Senior Executive Service (SES), and the selectes 
ia CEA? 1 Ж f h will be required to enter'the SES. Information on the SES will be 
poppia tions ditis ted for t iare avauable for interested applicants 
Goonaoerapty. The post w tenable еи curmeulum vitae and/or Standard Form 171 (Personal Qualifications 
imm t t d bibl 

The person appointed wil be ex- ne) газ овари чо 
fast er 7 ia HEW/Food and Drag Administration, 

The Im P be within the NCTR Search Committee, 
range Д to per annum on 
a scale ‘rimng to £7,754 per annum. c/o Ms. Patricia Sykes, 

Applications. together with = Rm. 9-89, 5600 Fishers Lans, 
names three referees, should 
received not later than March 22, 1979 Rockville, Maryland 28857, U.S.A. 
by The Regntrar, The Unversity, FDA/An Equal Opportunity Employer. 


P.O Box 147, Liverpool L69 3BX, 

from whom further particulars may be 

obtained Quote Ref RV/4987N 
9777(А) 





The Кимак Institute for Scientific Research, а rapidly 
expanding Institute for applied science and 
technology, is seeking a Microbhl Physiologist who is 
Interested in the opportunity for a career challenge 


In this positlon, you will be r nsible for the yield 


coefficient and productivity studies of SCP production 
from LPG and methanol in bench-scale fermenters. 


We bi uie a PhD in Microblology or Biochemistry 
with at least 3 years’ experience in continuous culture 
techniques, microblal growth efficrency or 
hydrocarbon microblology. 


Kuwalt Institute offers attractive salaries 
commensurate with qualifications and expenence, 
furnished housing, liberal fringe benefits including 
round trip alr tickets and free medical benefits. 


Please alrmail complete resume -by'Apmil 1, 1979 to: 
Personnel Китай 





Q 9XEiXOoO AUSTRALIA 


Postdoctoral Research Fellow 


Division of Land Resources 
Management, Perth, WA 


CSIRO has a broad charter for research into primary and secondary 
industry areas. The Organization has approximately 7,000 employees 
—2,400 of whom are research and professional scientists—located 
in Divisions and Sections throughout Australia 

Fleid: Coastal Dynamics 

General The Division has 60 profesional staff doing problem- 
onented research on the environmental, societal, economic and 
technological implications of land use One program includes studies 
of the dynamics of both ocean and iand in the coastal zone 

Duties. The appointee will work in а multidisciplinary team and 
will be expected to develop а research program on the prediction of 
sen level oscillations on the coastline and the energetics of the 
coastline Other areas of interest are sediment motion and shore 
erosion, and transport of sand by wind 

Qualifications: A PhD or equivalent research expenence in 
applied mathematica, engineering, physica! oceanography or physics 
The ability to relate scientific analysis to problems of resource 
management is essential . 

Salary: Research Scientist or Senior Research Scientist 
$A15,422 to $А22,406 pa An outstanding applicant may be offered 
appointment at а higher level 

Tenure: A fixed term of three years t 

Applications IN DUPLICATE, stating full personal and professional 
details, the names and addresses of at least two professional 
referees, and QUOTING REFERENCE cies dah should 
reach’ J 

The Personnel Officer, Australian Scientific Liaison Office, 
Canberra House, 10-16 Maltravers Street, London WC2R 3EH, by 
21st March 1979 © 

Applications in US А and Canada should be sent to. The . 
Counsellor Scientific, Embassy of Austraila, 1601, Massachusetts 
Avenue, N.W , Washington, D.C , 20036, U S.A 9775(A) 
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THE UNIVERSITY 


OF LEEDS 
DEPARTMENT OF GENETICS 
Applications are invited for the 

temporary post of 
POSTDOCTORAL 
RESEARCH FELLOW 


in the above Department Tho 
successful candidate will participate 
in current research es 
involving the cloning of fungal and 
bacterial DNA and wil be using 
techniques that include nuclei acid 
hybridisation, heteroduplex mapping 
and separauon and mapping ot 
restriction fragments Famihanty 


with some or all of these wou 
be an advantage, but persons with 
related biochemical experience аго 


encouraged to apply. Candıdates 
should possess a Ph D degree The 
appointment wil be made for a 
fixed term of throe years with effect ` 
from October 1, 1979 

Salary at an appropnrate point 
on the IA Scale for Research and 
Analogous Staff (£3,883 to £6,559) 
(under review), according to age, 
qualifications and experience 

Informal enquiries about the post 
may be addressed in the firi 
insiance to Dr S Baumberg (ext 
397) or Dr J C Wootton (ext. 
7155) at the University (tel (0532) 
31751). 

Appiratjon forms and further 
Particulars of the post may be 
obtained from the R rar, The 
University, Leeds 1.52 9JT, quoting 
reference number 50/4/D $ 

Closing date for «applications 
March 31, 1979 9787(A) 





UNIVERSITY OF ESSEX 
CHAIR IN BIOLOGY 


Applications are invited for a chair 
in tology for appointment from 
October 1, 1979. The Char will be 
filled in the fields of Developmental/ 
Cell Biology, or microbial/molecular 
genetics 

Applications (12 copies), including a 
curriculum vitae and the names 


Colchester 
CC4' 350, 
ticulars may be obtained, by 
15, 1979 97 


BIOCHEMICAL SOCIETY 


Applications are invited for a 
senior post in the Society's Edito- 
ria] Office The involves res- 
ponsibility for toral processing 
of maternal for the Biochemical 
Journal and other Biochemical 
Society publications, and the suc- 
cessful applicant will be required 
to act as a deputy for the Editorial 

r As well as a degree in 
biochemistry or related subject it 
is emsentíal that candidates (prob- 


ably of age 35-45) should have bad 
sound postgraduate experience of 


scientific editomal work and acs- 
demic publishing and be capable 
of on pp the work of others, 
A ary commensurate with the 
soniomty of this post will be 
offered Please apply in writing, 
giving the names of two referees, 
to the Eexcutive Secretary, Bio- 
chemical Society, 7 Warwick 
Court, London WCIR SDP 


9622(А) 


FRIEDRICH 


MIESCHER-INSTITUT 
, seoks 
. . EXPERIENCED , 
PLANT CELL BIOLOGIST 
to form and lead a grou 
research’ on morphogen 
calla of corn and otber cereals 


Applications, befors A ‚ 1979 


to ürk, Friod "M = 
R. R.B t r leschar: 
* Base] 


Institut, P.O. Box 273, CH-4002 
Switzerland 9735(A) 








doing banc 
from ып е 


AUSTRALIAN 
NATIONAL UNIVERSITY 


Applications are invited from mutab 

qualified persons for appointment 
the following poaitions 

THE JOHN CURTIN SCHOOL OI 
MEDICAL RESEARCH. 


PROFESSORIAL FELLOW 


IN NEUROCHEMISTRY 
DEPARTMENT OF 
PHARMACOLOGY 

Applications are invited. from neur 
ch with recognised  expenen 
and expertus in the chenustry : 
central synaptic transmission in t 
mammal for appointment as Pr 
femoral Fellow (п Neurochermlstr 
The successful apphcant will | 
expected to lead a small neon 
chemical group within the Departme! 
of Pharmacology and to take advantay 
of,collaboration with otber membe 
of the Department engaged on In vu 
investigations of central жупар 
mechanisms, particularly those invol 
ing amino acid and peptide trar 
mitters Further details may } 
obtained from Profemor D R Сип 
Head of Department 

Closing date April 13, 1979. 


RESEARCH SCHOOL OF 
BIOLOGICAL SCIENCES 


RESEARCH FELLOWS 
DEPARTMENT OF А 

BEHAVIOURAL BIOLOGY 
Two positions are available. App 
cants should have a higher degree ы 
postdoctoral experience In — expe 
mental psychology or animal behavioo 
Work in the Department uw malt 
disciplinary and has concentrated « 
the development of the visual systen 
particularly in bird brains, and on th 
mechanisms- of memory storage. Б 
further details ploase contact Profess 
Richard Mark, Head of Depuartmer 

Closing date’ April 15, 1979, 


POSTDOCTORAL FELLOW 
MOLECULAR BIOLOGY UNIT 
The Unit (Head, Dr H Naom) 


explornng the molecular mechanim 
of post-transcriptional control 
animal cells This includes ti 


problems of the HnRNA-mRNA 
cursor-product relationship, the nielo 
processing of mPNA-precurs molecule 
using nuclex acid sequencing a 
DNA cloning Applicants sbould ha 
experience in this particular feld 

research 

Closing date April 15, 1979. 


Salaries Professonal Fellow, $A30,7 
pa, Reseerch Fellow, in ассогіар 
with qualifications and — experien 
within the range $A15,786 to $A20,6 
pa, Postdoctora] Fellow, a axe m. 
within the range $415,786 to $A20.€ 
pa Current exchange rates $A} 
£0 56 sterling 
Term of Appointment: Professor 
Fellow to retiring age (65 years), F 
search Fellow for three years in í 
first instance with the pomnbilitv 
extension to five years, Posidocto. 
Fellow for two years 
Other Conditloox Reasonable appoi 
ment expenses are paid Superannuati 
benefits are available for applica: 
who are eligible to contribute Asm 
ance with housing us provided for 
appointee from outmde Canberra 

The University reserves the right r 
to make an appointment or to ms 
an appointment by invitation. at è 
time 

Prospective applicants should obti 
the further particulars. from + 
Association ої Commonwealth U 
versities (Appts). 36 Gordon Saum 
London WCIH OPF 9799(Aj 





RESEARCH GROUP requires labo 
scientific .О@сог to ами 

work invo 

idate wi 


A 
cations sbould be sent to the Adm 


Laboratories, О 
, London 
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THE MAX-PLANCK-INSTITUTE OF BIOCHEMISTRY 
8033 Martinsried /Munich 


offers a postdoctoral position for a biochemust, preferontially with cell 
biological experience in the field of membrane proteins. yment as 
research assistant (са DM3,000, monthly). 


ee ee to Prof. E. Neumann, Max-Planck-Institut fur Blochemse, 
3 Martinzried bei Munchen, Germany. 9748(A) 







Please mention 


Nature 







when replying to 
these advertisements 





FELLOWSHIPS 





Research 
Fellowships 


St.Catherine’s College 
and St.Hilda’s College, 


Oxford University 


The Rutherford Laboratory of the Science Research Council, 
St. Catherine’s College and St. Hilda’s College invite applications for 
two joint Research Fellowships, one at St. Catherine’s College and one at 
St. Hilda's College. The aim of these “Atlas Fellowships” is to encourage 
theoretical studies - paracularly with reference to those involving Š 
computers — in an area of research supported by the Rutherford 
Laboratory. These include the following broad fields: study of condensed 
matter by scattering of neutron beams; study of dense plasmas by the 
use of intense laser beams; use of electron beam li phy in : 
fabrication of semi-conductor devices. The su candidates will be 
expected to undertake independent research work and to have ideas on 


the p they wish to follow. 
The Fellows will have the rights and privileges of a Research 
Fellow to the relevant College. The possibility may exist for the Fellow - 
: to undertake some teaching. They will be to spend about half 
+, their time at the Rutherford Laboratory and will be provided access to 
| ‚ exceptionally powerful computing facilities. The Rutherford 
Laboratory’s involvement with numerous University research groups 
gives an opportunity for contacts with other research workers engaged 


ona wide of SRS anh programis 

The Fellowship ill be tenable for a period of up to three years and 
may be extended up to a period not exceeding five years. The stipend will 
depend upon the and erperience of the candidates selected within the 
broad range £4,500 to £7,500. (The stipends are currently under review). 
The Fellowship will carry the superannuation provisions under the SRC 
Principal Superannuation Scheme which is a non-contribu scheme. 
I en hecepessesd wake Min posta un ber 


For details of Research Fellows' rights at the two Colleges and 
appheation forma, write to the Personnel Group of the 
Rutherford Laboratory, Chilton, Didco 

Oxon OX11 0QX quoting reference No. 730. 


'The closing date for applications 
is 16th March, 1979. 


RUTHERFORD 
Science Research Council 


` Rutherford Laboratory, Chilton, Didcot, 
Oxfordshire ОХ!! OQX. Tel Abingdon 21900 


9780) E) 
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DEPARTMENT OF 
EDUCATION, DUBLIN 
POSTDOCTORAL 
RESEARCH FELLOWSHIPS 
1979-80 


Applications are invited for 


Research Fellowships їп Science 
(excluding Medical and Social 
Science) aod Engneering tenable 
in apy one of the following Institu- 
tions in Ireland University College, 
Dublin, University College, Cork, 
Univerity College, Galway, Trinity 
College, Dublin, An Foras Talón- 
tas (Ths Agricultural Jnsttute), 
Dublin 4, The Institute for In- 
dustmal Research and Standards, 
Dublin 9 Fellowships wil be 
tenable for a penod of two years 
with the possmbility of an extennon 
for a third year 
Applicants should hold the degree 
D or have equivalent re- 
expenence Applications 
will be conndered from engineers 
or technologists with suitable n- 
dustrial experience Candidates 
sbould not be more than 30 years 
of age but, раан, they should 
be under 28 years of ago 
Appointments wil be effective 
from a date not earlier than 
October 1, 1979 The Initial aalary, 
which will depend upon qualifica- 
tions and experience, wil] normally 
be within the range £3,775 to 
£4,277 anum, but awards of up 
to £4, may be made in the case 
of engineers and = technologists 
whose industria] experience or 
other special circumstances warrant 
n 
Full particulars of the scheme 
including application forms may be 
obtained from the Secretary, De- 
partment of Education (Head- 
uarters Section 3), Mariboro’ 
‚ Dublin, 1, to whom applica- 
tions for Fellowships should be 
forwarded The latest date for the 
receipt of applications ш March 20, 
979 9786(E) 


QUEEN ELIZABETH 
COLLEGE 
Kensington 

(Univermty of London) 

S.R.C. C. A.S E. 
STUDENTSHIP 
Applications are invited from 
graduates or those who will uate 

in 1979 for an S.R.C 

Studentship held jointly between the 
Biology Department, Queen Elizabeth 
College, and the Centre for Overseas 


hold or expect to obtain at Кем an 
upper second class bonours degroe in a 
biological subject. 

Further details can be obtained from 
Dr M Liewellyn, Biology Department, 
Queen Elizabeth College, Campden 
Hill Road, London W8 7AH. 

9763(F) 


UNIVERSITY OF 
EDINBURGH 
FACULTY OF MEDICINE 


POSTGRADUATE 


the payment of University foes 
sasistance towards conference 


Faculty of Meadioine, University of 
Edinburgh, The Medical feboo!, 
Teviot Edinburgh EH8 9AG. 
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FEBS Fellowships are to su 
vmts by members of an 
another country :n the FEBS 


notice, 
congresses, 


Professor G. Dirhelmer, 
FEBS Fellowships 





protein 
ton in 
seeds. 
Applicants should have relevant 


experience in the fields of 
horticulture, plant physiology of 
biochemistry. 


The appointment will be for one 
year, cere beginning аз soon 
as possible. starting will 


meni wal. annum on an 


erty 
ment of Horticulture, 
5 versity College, 


Тазпетіп, 
Dublin 9. 9782(E) 





UNIVERSITY OF ABERDEEN 
DEPARTMENT OF CHEMISTRY 
POSTDOCTORAL 


RESEARCH FELLOWSHIP 


Applications are invited for a Pos- 
doctora! Research Fellow to work with 
Dr F, P Glasser on on reduction 
in cement clinkering. A kground 
Qin sol state or physical chemistry, 
ceramocs, materials science or 
logy-mineralogy would be advantageous 

post is supported by tbe Science 

Research Council] for two years Start- 

by arrangement within the 

period May-Auguxu 1979 Sa on 

Research and Analogous Staff IA le, 

£3,883 to £4,882, per annum, with 
a е placing 

Further partrculars from The Secre- 
tary, The Univeruity Aberdeen with 
whom applications (2 copies) should 
be lodged by March 16, 1979 

9746Е) 


BRADFORD 


RESEARCH FELLOW 
IN VISUAL SCLENCE 


Applications are invited for a 2 
year Past-Doctoral Fellowship for 
research on the Characters of 
Normal and Defective Colour Vi- 
sion, The successful candidate will 
be attached to the new Chair in 


Visual Sclence and will work under 
the direction cf Profesor J D. 
Moreiand. It is hoped to make the 
appointment as soon as possible. 
Sa within range £3,883 to 


£6,555 p.& (under review) Superan- 
auable, Further and 
application forms be returned 
within 14 days of this advertise- 
meat) from tbe Rogustrar, Post Ref 
VS/RE/X, University of Bradford, 
BD7 10Р, West Yorkshire 
9712(Е) 





FEBS FELLOWSHIPS 


short-term (not longer than two month) 
Constituent Society to laboratories in 
area for the purpose of carrying out expert 
ments with special techniques or other forms of scientific collaboration or 
advanced training, and ospecially to support developments arming at short 


Fellowships will not be granted to attend courses, symposia, meetings or 


Fellowships will cover both travel and subsistence. 


Information and details of naking an application may be obtained from: 


Officers 
Institut de Bologle Moléculaire et Cellulaire du CNRS, 
Descartes, 





DZPARTMENT OF METALLURGY 
AND MATERIALS SCIENCE 


A postdoctoral research fellow ш re- 
quired to investigate ordering and 
precipitation reactions in tungsten-based 
alloys, using primanly scanning/trans- 
mion electron microscopy and high- 
voltage electron microscopy The post 
will initially be for a penod of two 

commencing on October I, 1979. 

e siartiog salary will be according 
to age and experience but (з expected 
to be within the lower half of the 
ру Scales" for a Univernty 
Lecturer, at present £3,975 to £8,250 
(under review), with full USS mp 
plementation Applicatrons including а 
curnculum vitae should reach The 
Secretary, University of Cambridge, 
Department of Metallu and Ma- 
terials Science, Pembroke Street, Cam- 
bridge, СВ2 3QZ, not later than March 
16, 1979 9783(E) 








COURSES 





M.Sc. IN EXPERIMENTAL 
SPACE PHYSICS 


Applications are now being con- 
mdered for the Space Physics course for 
entry in October. Candidates should 


tion and project work covering both 
sclentific (astronomy, earth sciences, 
applications) and technical (propulsion, 
orbita, communications, ofc) aspects 
of present-day space research. А num- 
ber of SRC studentships are available 
for successful licen ts 

White for further details, including 
2 academic referees, to Professor К А 
Pounds, Dept of Phymcs, University 
of Leicester, Leicester LEL 7RH. 

977%0) 





M.Sc. in Medical Imaging Royal 
Free Hospital School of Medicine and 
Institute of Cancer Research (Unrver- 
nty of London). Тыз is a new part- 
time courso, lasting two calender years, 


be considered, with particular refer- 
ence to in vivo studios in medicine 
The course will be of particular 
value to persons working in bosmitals 
or in employment with medical inter- 
«ыз. 


Applicants should normally have а. 


First or Second Class Honours degree 
in physics, mathematics or а phymcal 
science. : 

Detalls of (оов and application forms 
from: Professor H. A. B. Simons, 
Academic Department of Medical 
Physics, Royel Fres Hospital, Pond 
Strect, London NW3 2QG. 9767(D) 








Ph.D. IN TOXICOLOGY 


Applicatrons are invited for a postgraduate courte in Toxicology fo 
which M.R.C postgraduate grants are available. Entrance urement 
Mus as for а тонна! PhD. The fret угат ы а fulltime couris leading 1 
an M.Sc To piro opportúnities for further research training in toxicology 
the grants award for tho M Se wil] be extended for those studeni 
sbowing satisfactory progress in the first year. These grants would be fc 
three or four years in total as appropriate. 


The Medic] Research Council the: Royal ees and- һә 
College of Pathology have Identified toxicology as а pnrionty area їс 
research training and therefore support the encouragement first cla: 
students from a variety of duciplines to become Involved in the scienc 
of toxicology. In modern society contact with potentially toxic chemical 
оласе стоса тарата Пош the, sa О! drug for metia 
Purpose, {гош occu patio: exposure to industria] products or inte 

tes and from en exposure to natural ос synthbet 
substances, 


The postgraduate course in Toxscology, which was tbe first of its kin 
in Europe, із organised by the Department of Blochermistry, University с 
Surrey, with the M.R.C. Toxicology Unit, Carshalton, the Brits 
Industrial Biological Research Association, Carshalton and Shell Tox 
cology (Tunstall) Laboratory, Sittingbourne. During tbe course Instructio 
is given in these collaborative laborwtories as well as at otber may 
toxicological institutions. 


The course ms designed to provide graduates in science, and medica! an 
veterinary graduates, with an understanding and appreciation of the man 
disciplines involved in toxico: Particular emphasis ш placed on aspeci 
related to the bsochemucal mec of chemically-induced toxicity, an 
tbe assessment of toxicological harvard in the manufacture, use an 
disposal of new chemical compounds, pesticides and medicines The coun 
provides a broad biological education and ш a suitable introduction fc 
those intending to undertake research on the interaction of chemicals wit 
biological systems. 


The research period for the Ph.D. may be undertaken in one of tt 


above organisations or in other laboratories approved by the University i 
being suitable for toxicological research. 


There are numerous interesting opportunities for scientists, educate 
initially in different duciplines, who have acquired additiona) knowledi 
of toxicology. These may be in industry, government regulatory bodies, « 
research institutes with good career prospects in both laboratory work ar 
edminisiration. 


Further information and application forms to be returned by March 2 
1979, may be obtained from: 


Dr R. S. Jones, 
Department of Blochemntry, 
University of Surrey, 
GUILDPORD 


Surrey GU2 SXB. 9749(D) 











М. A. T. О, 
ADVANCED STUDY INSTITUTE 
on 


“ESR and NMR of Paramagnetic Species i 
biological and related systems" 


JUNE 3 to 15, 1979 
ACQUAFREDDA DI MARATEA 
150 km South of Naples, Italy 
Closing date for applications: March 31, 1979 


Tha A.SL will consist of a series of lectures accompanied by tutori 
sc;ions. The object of the Course ш that of reviewing the most reco 
uchlevernents in biological and related systems obtained by magnet 
resonance techniques The ASI will represent a unique оссапоп f 
chemists and blochemists to meet each other and to exchange the 
experionoe ideas. Course will develop the Spin Hamilton! 
Formalism and will go through the theory of Spin Relaxation, The rece 
developments on the instrument side will be shown and the princiy 
applications of magnetic resonance will be reviewed. The most relova 
topics in the fleld of motalloenzymes, metalloproteins and of interactio 
of nucleic acids with metal tons will be covered. On request of t 
participants, mocrocourses will be held with tbe purpose to fill the g 
m the theoretical foundations. of the magnetic resonance experime! 

Lecturers: D Burton (Lund), P. F. Devaux (Pans) A. Ehrenbe 


Horrocks (Pean. State Univ), N. A. Matwlyoff (Los у, 
McGa (Windsor, О Боо (Rome), R G Shulman (Bell Telephon 
Е Wehr (Yanan Zug), К. Wuthnch (Zurich) L Bertin (Florenc 
R S Drago (Urbana), Directors 

A lim'ted number of grants are available to participants from N.A T 
countries They will cover about 50% of tbe living expenses and ‘abc 
25% of the travel expenses Living expenses are 276,000 Itallan Li 

Appheations addressed to: wa 


Prof. І. Bertini dit 
Istituto di Chimica Generale della Facolta di Farmacia 
Via G. Cappon! 7 ha 


50121 FLORENCE, ITALY "OB om 
may be made in the form of a letter giving a short curriculum vitae a 
present scientific interest. 9930X0D 
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M.Phil./Ph.D. іп: 


— Computer Science 

— Data Processing 

— Numerical Computing 
— Operational Research 


are invited to contact 


Dr D. H. Sleeman, Department of Computer Studies, 
The University, Leeds LS2 9JT, for further details 


THE UNIVERSITY OF LEEDS 
DEPARTMENT OF 
COMPUTER STUDIES 


Persons interested in undertaking Research leading to 


9789(D) 





FEBS ADVANCED 
COURSES 


No. 65. “The Control of Glycogen 
Metabolism" 
Brussels, Belgium, 
5-7 September 1979 


The Course, organised by H. De 
Wulf, H. G. Hers, L. Hue and 
З. van de Werve, will cover the 
properties of enzymes involved in 
iycogen metabolism as well as 
aspects specific to muscle, liver, 
adipocytes and leucocytes. It will 
nelude lectures by invited speakers 
ind presentation of posters бу 
'egistered participants. A limited 
jumber of these posters will be 
subjected to general discussion. 
Registration fee: about $50. For 
'urther information, contact: Pro- 
fessor Н. G. Hers, Université 
Catholique de Louvain and Inter- 
national Institute of Cellular and 
Molecular Pathology, UCL 75.39-75 
avenue Hippocrate, B-1200 Brussels, 
Belgium. The deadline for applica- 
‘ions and abstracts is May 15, 1979. 


No. 57. "Recombinant DNA" 
Zagreb, Yugoslavia, 
15-27 October 1979 


A Laboratory Course for 25 
participants. The experimental pro- 
gram will include: In vitro recom- 
bination of DNA segments with 
plasmid and viral vectors; Cloning 
in Escherichia coli and Bacillus 
subtilis; Selection and screening of 
cloned recombinant DNA; Charac- 
terization of cloned recombinant 
DNA. Registration fee: $100. Ap- 
plications (by April 30, 1979) and 
info: Dr Vjera Zgaga, Dept. of 
Experimental Biology and Medi- 
tine, “Ruder Boskovic” Institute, 
poe: 1016, 41001 Zagreb, Yugos- 
avia. 


No. 64. "Modern Methods 
of DNA Sequencing" 
Gliwice, Poland, 

5-10 November 1979 


This Course for 15 students aims 
to disseminate within European 
research laboratories the two basic 
methods of DNA sequencing: the 





Maxam-Gilbert technique and 
Sanger's inhibitpr chain-termina- 
lion technique. Advanced studies 


will cover sequence organization of 
DNAs from various sources. Fur- 
ther’ information and application 
forms (to be.reiürned by May 31, 
1979) are available from the organ- 
izers: Dr M. Chorazv/Dr S. Szala, 
Dept. of Tumor Biology, Institute 
of Oncology, 44-100 Gliwice, Po- 
land. 975300) 








CHELSEA COLLEGE 
University of London 
POSTGRADUATE 
COURSE IN 
HISTORY AND PHILOSOPHY 
OF SCIENCE 

The Course is intended primarily for 
full-time students who are graduates in 
a physical or a biological science or 
in mathematics. 

There are five constituent courses of 
lectures and tutorials running concur- 
rently in the first year: 

1. Mathematical Logic; 
2. Philosophy of Natural Sciences; 
3. History of Epistemology; 

History of Natural Sciences; 

Theory of Probability and 
Statistics fone term). 

Students who have successfully com- 
pleted this course may prepare a thesis 


under supervision with a view 10 
obtaining the. degree of M.Phil. or 
Ph.D. 


POSTGRADUATE RESEARCH 

Graduates suitably qualified in 
certain fields may proceed directly to 
à degree of M.Phil. or Ph.D. by 
research. 

Further information and application 
forms from: The Secretary, Depart- 
ment of History and Philosophy of 
Science, Chelsea College, Manresa Rd, 
London SW3 6LX (Tel: 01-332 6421). 

9805(D) 





STUDENTSHIPS 


е 
UMIST 
S.R.C. CASE. 
STUDENTSHIP 

Applications are invited for a 
CASE Studentship financed by 
S.R.C. in collaboration with Sheli 
Biosciences Laboratory, Sittingbourne, 
tenable for three years, for a study of 
the effects of high pressure/temperature 
enviornments on the physiology, bio- 
chemistry and corrosive properties of 
sulphate-reducing bacteria using already 
developed culture systems 
; The study would be of particular 
interest to those with a background in 
microbiology, applied biology or bio- 
chemical engineering, though can- 
didates with other qualifications will 
be considered. 

A number of C.A.S.E. 
other areas of corrosion science are 
also expected to be available and 
general applications will be considered. 
, Applicants should send curriculum 
vitae and names and addresses of two 
referees to Professor G. C. Wood, 
Corrosion and — Protection Centre, 
UMIST. Manchester M60 100. 

9788(F) 
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UNIVERSITY OF 


EAST ANGLIA 
SCHOOL OF 
BIOLOGICAL SCIENCES 
POSTGRADUATE 
STUDENTSHIPS 


Applications are invited for the 
following Science Research Council- 
funded studentships: 

1.'A study of mutational processes in 

myxobacteria’: supervisor Dr C. H. 

Clarke 


or 

"The role of asparagine in the 
nitrogen metabolism of plants": 
supervisor Dr A. P. Sims. 

2. ‘Molecular enzymology of terminal 
respiratory proteins in bacteria and/ 
or mammals: supervisor Dr С. 
Greenwood. 

3. Transport processes in artificial 


bilayer lipid membranes’: supervisor 

Dr E. J. A. Lea 

or 

"Transport processes in plant leaves’: 

supervisor Dr J. F. Thain. 
4.'Resource partitioning among the 

fish populations in a Norfolk Broad’: 

supervisor Dr C. R. Townsend. 


5. 'Microtube function in cell forma- 
tion, division and movement in 
Drosophila embryos’; supervisor Dr 
R. M. Warn 


Applicants should posses, or expect 
to obtain a First or Upper Second 
Class degree and should write to Pro- 
fessor A. F. G. Dixon, School of 
Biological Sciences, University of East 
Anglia, Norwich NR4 7TJ, enclosing 
a curriculum vitae and the names of 
two referees. 9730(F5 





S.R.C. C.A.S.E. RESEARCH 
STUDENTSHIP 
UNIVERSITY OF 
NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 


Applications are invited from реге 
sons holding, or expecting to obtain, 
a good honours degree in physics for 
a C.A.S.E. studentship in theoretical 
solid state physics concerning electronic 
properties of defects in semiconduc- 
tors, in collaboration with the Royal 
Signals and Radar Establishment, Mai- 
vern. 

Further details are available from 
Dr M. Jaros, School of Physics, The 
University, Newcastle upon Tyne, NE! 
7RU, to whom applications should be 
sent along with curriculum vitae and 
the names of two referees. 

9729(F) 





ASSISTANTSHIPS 





UNIVERSITY OF OXFORD 
DYSON PERRINS LABORATORY 
POSTDOCTORAL RESEARCH 


ASSISTANTSHIP 
Applications are invited for a 
postdoctoral research assistantship 


supported by the S.R.C. to further 
develop and exploit a new method for 
measuring kinetic isotope effects tin- 
cluding those for ‘heavy’ atoms) with 
high accuracy. Preference will be given 
to candidates with experience — in 


kinetics or in synthesis with stable 
isotopes, 
The appointment is for two years, 


commencing October 1. 1979, or at an 
agreed date. The salary will be on the 
Research Support Grade Scale 1A. 
initially not higher than 64.130 p.a. 
(under review), plus 17.5.5. benefits. 
Applications fone copy), with 
curriculum vitae and the names and 
addresses of at least two referees (over- 
seas apnlicants should ask referees to 
write directly to the address below) 
should be sent not later than March 3!. 
1979. to Dr M. J. T. Robinson. Dyson 
Perrins Laboratory, South Parks Road, 
Oxford OX1 3QY, from whom further 
information may be obtained. 
9801CP) 




















THE ZAST OF SCOTLAND 
COLLEGE OF 
AGRICULTURE 
Applications are invited for a 
RESEARCH 
ASSISTANTSHIP 


tenable for a period of 18 months 
from March 1979, to be employed 
in research on certain storage і 
eases of potato tubers, principally 
dry rot. 

Candicates should have a good 
honours degree in Biology, Botany 
or Agricultural Botany, preferably 
with some experience in plant 
pathology. 

The work will be carried out in 
the Plant Pathology Department 
under the supervision of Dr 
A. E, W Boyd. 

Salary: £3,384 per annum. 

Furthe: particulars and applica- 
tion form from The Secretary, The 
East of scotland College of Agri- 
culture, West Mains Road, Edine 












burgh ERS HIG. 
Closing date 
March 8, 


applications: 
976800 


for 
1979. 





ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
(University of London) 


DEPARTMENT OF BIOCHEMISTRY 
AMD CHEMISTRY 


TWO POSTDOCTORAL 
RESEARCH ASSISTANTSHIPS 


required 








1. Bio-physical chemist to join research 
group working on membrane strug- 
ture and function. Experience of 
spectroscooic and surface techniques 
a particular advantage. 
















2. Chemist wiih either ma 
or sut coating 
join reseasch group working on new 
hiomaterjais. 












salary for both appointments 
runge £3,908 to £4,655 p 
Howance, Further pa 
available from the School $ 
REHSM., 8 Homer Street, London 
WCIN IBP, or telephone 01-837 5385 
ext. Sá, Closing date March 9, 1979. 
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AWARDS 





CHELSEA COLLEGE 
University of London 
PHARMACY DEPARTMENT 
S.R.C. CASE., AWARD 
Applications are invited from gradu- 
ates of che ingering 

cal or mechan 

physics with a first or 
class honours degree, 
ates who ехре to 
for an S.R.C. 















or 


or 


















їп the Phare 

Chelsea College y 

The project in-olves а study 
factors involved in the proce 
materials for the manufactur 

novel dosage form or drugs an 

be closely associated with the 

sponsor, For fur 

cation forms 3 
supervisor, Prof Newton, 
Pharmacy Department, Chelsea 
College, University of London, 


5W3 SLX. 
972108) 


Manresa Road, London 
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LECTURES 


N.A.T.O. ADVANCED STUDY INSTITUTE 
sponsored also by 
The Greek National Committee for Astronomy 
on 
GALACTIC X-RAY SOURCES 
May 28 to June 9, 1979 
AT CAPE SOUNION, GREECE 


The topic of Galactic X-Ray Sources is currently 
of great interest to astronomers and physicists. There 
аге numerous unsolved questions associated with the 
existence and behaviour of these X-Ray sources that 
challenge both observational and theoretical aspects 
of astrophysics. The Institute is designed to bring 
together scientists from many subdisciplines to weigh, 
evaluate and consider these problems. 


The Lecturers will include: 


J. Cassinelli (U.S.A) 
L. Culhane (U.K.) 

А. Cowley (U.S.A) 
A. Dupree (U.S.A.) 
H. Gursky (U.S.A.) 

J. Hutchings (Canada) 


S. Hovaisky (France) 

B. Margon (U.S.A.) 

R. McCray (U.S.A.) 

J. Trumper (Germany) 

E. Van den Heuvel (Holland) 
M. Watson (П.К) 


Method of application: Applicants for the Institute 
should be active research workers at or about the 
postdoctoral level. The application should include a 
statement of interest and potential contribution to 
the Institute. 


A limited number of N.A.T.O. Grants for partial 
support of participants are available. 


| Applications must be submitted as soon as possible 
0: 
P. W. Sanford (Conference Director) 
Mullard Space Science Laboratory 
University College London 

Holmbury St. Mary 

Dorking, Surrey, U.K. 


The Advisory Committee consists of P. Laskarides 
(Athens—Local Organiser), A. Dupree (U.S.A.), 
J. Hutchings (Canada). 

The detailed scientific programme will be defined in 
early April. 

Travel arrangements are through American Express, 
Travel Division, Place Rogier, 24-1000 Brussels, 


Belgium. 
9807(K) 


















Please mention 


Nature 
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these advertisements 
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CONFERENCES 
A Major International" 


Conference 


AUTOMATION 
IN INDUSTRIAL AND 
CLINICAL CHEMISTRY 


16 — 18 July, 1979 


The City University, Northampton Square, London EC] 





Workers in clinical, industrial and academic environments will fínd 
this conference of particular value as it has been designed to provide 
a cross-fertilization of the ideas and concepts of automation 
between the three sectors. 


KEYNOTE SPEAKERS 


Professor M Bonner Denton, The University of Arizona, USA. 
Dr F L Mitcheli, Clinical Research Centre, Harrow, Middlesex, UK. 
Dr R W Arndt, Mettler Instrumente AG, Greifensee, Switzerland. 


Some of the papers included in the programme: 


Training of clinical laboratory personnel in the use and maintenance 
of automatic systems, Dr L B Roberts, Gartnavel General Hospital, 
UK. 


An experiment in education for automatic analysis: the 1979 
Chemical Society Summer School, Dr D Betteridge, University 
College of Swansea, UK. 


Recent developments in flow injection analysis, Dr J Ruzicka, The 
Technical University of Denmark, Lyngby, Denmark. 


DACOS — a new approach to kinetic analysis, M Snook, Clinical 
Research Centre, Harrow, Middlesex, UK. 


Recent developments in automatic chromatography, 
Dr P B Stockwell, The Laboratory of the Government Chemist, 
London, UK. 


The cost benefits of automated analytical systems, J G Jones, 
Wessex Water Authority, UK. 


Economic techniques for evaluating automation alternatives, 
T M Craig, E 1 Du Pont de Nemours & Co, Wilmington, Delaware, 
USA. 


Automation of radioimmunoassay and related analytical techniques, 
Professor J Landon, St Bartholomew's Hospital, London, UK. 


Industrial applications of automation with particular reference to 
the InfraAlyzer, Dr H Swann, University of Nottingham, School of 
Agriculture, UK. 


Extraction in continuous flow systems with examples from 
pharmaceutical analysis, Dr B Karlberg, Astra Pharmaceuticals AB, 
Sodertalje, Sweden. 


Improved accuracy in automated chemistry through the use of 
reference materials, Dr R F Coleman, National Physical Laboratory, 
Teddington, UK. 


The symposium fee will be £130 inc. VAT and this fee will include: 
a) documentation and abstracts of all papers; b) luncheon, tea, 
coffee etc, To register for this symposium and obtain further details 
fill in the coupon below. 


I/We wish to register for the symposium and enclose my/our cheque 
for £ ou. 


Name... s. nas AME SUE CES ЕРИ 
Company/Organisation. ыл кшш б уж жаз ыа Ка 
А@@#@5$. 2а зуу Куа IIa ак Ыл ай у Oa Sg ew as 
Signed! зу icu E Red Желеде a az s Юме ........ 


Please complete this form and return it to: 

Beverly Humphrey, Scientific Symposia Ltd., UTP House, 

33/35 Bowling Green Lane, London ЕС1Ң ODA Tel: 01-837 1212; 
Telex: 299049 UTPRES G ROU 
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SCIENTIFIC INSTRUMENTS 


LABORATORY EQUIPMENT 








Medwire Corp. 
stocks a wide variety 


TEFLON’ 
COATED 


Platinum alloys, 
stainless steel, 
silver, multistrand 





Medwire Corp. 


Atfiliate of Sigmund Cotin Corp and single strand 
123 So. Columbus Ave. available for prompt 
Mt. Vernon, NY. 10553 Shipment. Write for 











914-664-5300 descriptive brochure 
^Reg. Т.М E. 1. Dupont and price lists. 
Circte No. 30 


Rocks & Minerals 


SPECIMENS FOR 
RESEARCH — STUDY — DISPLAY 
Bulk minerals for all purposes. 
Sets of basic rocks, minerals anc 
radioactives. Ground Rock sections 


Advanced collectors specimens. 
fluorescents and micro-mounts. 


Sets of geological specimens for 'O' and 
‘A level examinations. 


Send S.A.E. for stock list. 
ROCKS AND MINERALS, 
4 ROYAL CRESCENT, 
CHELTENHAM, 
GLOS GL50 30А. 
Tel. 0242 27232 
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Always wanted 


BACK RUNS OF 
JOURNALS 


In Science and the 
Humanities 


DAWSON BACK ISSUES 
Back Issues Department, 
Cannon House, Folkestone, 
Kent, England 
Tel: Folkestone 57421 
Telex: 96392 
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Consulting Services 
TO OVERSEAS PURCHASERS OF U.S 
MEDICAL -SCIENTIFIC 
INSTRUMENTATION: 


We are a private professional cansulting group 
composed of scientists and pohysiGans in 
Academic research, service laboratories, and 
hospitals with ten years of international (WHO) 
experience. Hf you intend to purchase 
instrumentation of equipment and have 
questions as to optimum suitability for your 
needs. comparative product advantages. 
reliability and service, oc simply wish to know the 
best way to proceed given your requirements, we 
сап be of considerable assistance in basic 
scence or clinical medicine. 

BIOMEDICAL HEALTH CONSULTANTS LTD., 
PO Box 5785, Rockford, tineis 61125 USA 
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Course on "Advances іп Endoperoxide, 
Prostacydin and Thromboxane Research" 
NATO Advanced Study institute 
international School of Pharmacology 
‘Ettore Majorana Centre" 
Erice-Sicily 2-13 September, 1979 


Directors: F. Berti (Italy), G. P. Veto (Italy) 


Advisory Committee: A. Bennett (England), 

F. Berti (Italy, J. C. McGiff (USA), R. 

Paoletti (italy), P. W. Ramweil (USA), В 

Samuelsson (Sweden) J. R. Vane 

(England), G. P. Velo (Italy) 

For further information please address 
inquires to: 

Prof. Giampaolo Velo 

Istituto di Farmacologia Policlinico 

Borgo Roma 37100 Verona (Italy) 

Telephone 045-500408 
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tntemational Meeting on inflammation 
24-27 September. 1979. Verona, italy 

Chairmen 

G. P. Velo (Verona, Italy) 

T. Berti (Padova, italy) 

Preiiminary Programme 

—- Cell cooperation: experimental aspects 
Cell cooperation: clinical aspects 

— immunomodulation: experimental aspects 
immunomodulation. clinical aspects 

— Free radicals 

— Assessment of anti-inflammatory drugs: 
experimental aspects 

— Assessment of anti-inflammatory drugs: 
Clinical aspects | 

For further information please address inquiries 

to: 

Prof. Giampaolo Veol, institute di Far- 

macelogia, Policlinico Borgo Roma, 37100 

Verona (italy). Telephone 045-500408 
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* 


SINGER MICROMANIPULATORS 
ARE FAMOUS BECAUSE 


Singer Micromanipulators enable anyone to 
make exact movements without tremor or 
lost motion, in three dimensions, using a 
single control handle under iow or high 
power magnification. 

A varied range available. Ali simple to 
operate 

SINGER INSTRUMENT CO. LTD., 
Treborough Lodge, Roadwater, 
Somerset. 
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Microprobe | 





THERMOMETERS 


We make 14 thermom- 
eters, with digital or meter 
readout. AIR read in 2 secs, dre 
extremely ea*y to use. Simply apply 
probe -— reac temperatura. 
Unbreakable probes are steel 
Майен sheathed including 
ыта пешае, e Mq 
BAY-7 INDUSTRIAL Microprobe, 001° dia. 
BAT-8 DIGITAL °C or “F 


TH2 CLINICAL The Мосегп Way 
to Measure 










BAILEY INSTRUMENTS INC 
Saddle Brook, N.J. 07662» (201) 845 
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To advertise your product in 
this section and reach an] 
audience of over 400,000 
Scientists, phone Marion | 
Delaney on 01-831 6907 
(London) or Mary Wade (202) 
737-2355 (Washington) for 
further details. 
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is Available in 
MICROFORM 
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International 
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Ann Arbor, MI 48106 ondon, МУСТА 4E. | 
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| __ Were at Your Service 
_ More Than Ever Before. ene 


Our sales, service, and technical assistance Konia " 
have never been stronger in Europe. As a 
result you can expect immediate response from 
the NEN office in your country, and fast delivery of the 
products you need from the world's most widely 
referencedselection of liquid scintillation chemicals. 

If you need technical assistance, you will find that our 
| people are exceptionally well equi ioped to provide it. 
_ But if they don’t have the answer, the director of 

-our LSC Applications Laboratory, Dr. Yutaka 
Kobayashi, will help you. France 
d In short, we're doing everything to meet DEP PM 
же rapidly increasing demand for NEN liquid 

-< scintillation chemicals іп Europe— 
with an expanded technical sales 
| force, locally available products, 
and fast response to technical NEN he micas Отн 
questions. sstfach 4012 

We look forward to your call. 









































New England Nuclear 
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European Central Office 
NEN Chemicals GmbH 
Postfach 401240 

‚6072 Dreieich, W. Germany 
Tei: (06103) 85034 
Telex: 4-17993 NEN D 
Order Entry: (06103) 81013 
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